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Abstract 

 Pediatric acute myeloid leukemia (AML) is a genetically heterogeneous 

disease distinct from the adult with few chromosomal alterations and often driven by a 

single potent oncogene such as fusion genes. Acute megakaryoblastic leukemia (AMKL), 

a rare subtype of AML that accounts for 10% of cases, is associated with an adverse 

prognosis. Initially reported in AMKL patients, the fusion gene CBFA2T3-GLIS2 exhibits 

a dismal probability of overall survival as low as 14%. The chimeric protein results from 

the inversion of chromosome 16, thereby fusing the nervy homology region domains of 

CBFA2T3 to the zinc-finger domains of GLIS2. The paucity of patient samples is 

considerably limiting molecular and functional studies. This study reports the generation 

of a human CBFA2T3-GLIS2 AML model by lentiviral transduction using cord blood 

hematopoietic stem and progenitor cells. Indeed, blast cells harbouring the chimeric 

protein proliferated in immunodeficient mice and recapitulated the human disease 

phenotypically and molecularly. Half the primary tumours exhibited megakaryocytic 

surface markers in addition to the biomarker CD56 (NCAM1). Moreover, the disease 

could be serially regenerated in recipient animals while maintaining the original 

phenotype, highlighting the self-renewal capacity of leukemia-initiating cells. The tumours 

had very few chromosomal abnormalities and a transcriptional activity strongly expressing 

megakaryocytic genes. Above all, blast cells can be cultured for six days while 

maintaining the ability to regenerate the disease, thus paving the way to large-scale 

studies requiring in vitro phases. 
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La leucémie myéloïde aiguë (LMA) pédiatrique est une maladie génétiquement 

hétérogène distincte de chez l’adulte avec peu d’altérations chromosomiques et souvent 

médiée par un oncogène unique tel que les gènes de fusion. La leucémie 

mégakaryoblastique aiguë (LMKA), un sous-type rare de LMA qui compte pour 10% des 

cas, est associée à un pronostique adverse. Initialement rapporté chez des patients 

LMKA, le gène de fusion CBFA2T3-GLIS2 démontre une probabilité de survie globale 

lugubre aussi basse que 14%. La protéine chimérique résulte de l’inversion du 

chromosome 16 fusionnant ainsi les domaines région d’homologie nerveuse de 

CBFA2T3 aux domaines doigt de zinc de GLIS2. Le manque d’échantillons de patients 

limite considérablement les études moléculaires et fonctionnelles. Basé sur des études 

précédentes, il y est ici proposé que seule la surexpression du gène de fusion est 

suffisante afin de générer la maladie synthétiquement. Par conséquent, cette étude 

rapporte la génération d’un modèle humain de LMA CBFA2T3-GLIS2 par transduction 

lentivirale en utilisant des cellules souches et progénitrices de sang de cordon. En effet, 

des cellules blastiques exprimant la protéine chimérique ont proliféré dans des souris 

immunodéficientes, récapitulant la maladie humaine au niveau phénotypique et 

moléculaire. La moitié des tumeurs primaires manifestaient des marqueurs de surface 

mégakaryocytaires en plus du biomarqueur CD56 (NCAM1). De plus, la maladie a pu 

être régénérée lors de transplantations sériées dans des animaux immunodéficients tout 

en maintenant le phénotype original, démontrant la capacité d’autorenouvellement des 

cellules initiatrices de la leucémie. Les tumeurs avaient peu d’anomalies 

chromosomiques et avaient un profile d’expression transcriptionnelle exprimant fortement 

des gènes mégakaryocytaires. Par-dessus tout, des cellules blastiques peuvent être 
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cultivées pendant six jours tout en maintenant l’habileté de régénérer la maladie, ouvrant 

ainsi la voie aux études à grande échelle nécessitant des phases in vitro. 

Introduction 

The hematopoietic stem and progenitor cells and their presence in cord blood  

Blood has been studied with great interest for centuries because of its all-inclusive 

distribution throughout the body and the dreadful outcomes of related diseases. In recent 

decades, researchers have made significant progress in elucidating the hierarchy defining 

the hematopoietic system within the bone marrow, notably by using xenograft 

transplantation into immunodeficient mice following sublethal irradiation (1). Serving as a 

common ancestor for all blood cell types, the hematopoietic stem cell (HSC) is at the apex 

of hematopoiesis. This ability to give rise to every cell encountered in the blood is called 

multipotency. Another striking characteristic is that they are able to self-renew, thereby 

allowing the maintenance of a pool of HSCs (1-3). HSCs mostly remain in a quiescent 

state and only divide on average every 157-350 days (1). However, this dormant state is 

rapidly reversible in hematopoietic stress to replenish all blood lineages (4). Symmetrical 

self-renewal division occurs when an HSC divides into two daughter cells having 

stemness properties. On the other hand, asymmetrical self-renewal division generates an 

HSC and a progenitor cell engaged in differentiation of any cell lineage (5). This 

heterogeneous population of hematopoietic stem and progenitor cells (HSPC) bears the 

surface antigen CD34, expressed on less than five percent of all blood cells (1, 6). The 

optimal conditions for the in vitro expansion of HSCs have proven to be challenging to 

identify and achieve (7). Hence, transplantation of HSPCs into immunodeficient mice is 

required to provide a supportive niche that resembles the environment normally 
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encountered in the human bone marrow (2). The rarity of HSCs is a major hurdle to their 

study in animals and their use in transplantation therapy, as only one per million cells in 

the human bone marrow is a transplantable HSC (8). Furthermore, as little as 30% of 

patients who require an allogeneic bone marrow transplantation therapy will have a 

human leukocyte antigen-matched sibling donor (9). Therefore, it is essential to identify 

a reliable and abundant source of HSPCs. 

Aside from bone marrow and mobilized peripheral blood, cord blood (CB) is an 

excellent source of HSPCs as it is greatly available and easily banked for potential future 

use (10). Indeed, CB units can be cryopreserved for more than 20 years with efficient 

recovery of cells, thus increasing the diversity of matching donors. CB HSPCs have 

shown an extensive proliferation and engrafting capacity that exceeds those isolated from 

the bone marrow (9). Although the number of cells is lower than in the other sources, CB 

holds a greater proportion of long-lasting repopulating HSPCs increasing the probability 

of a successful transplant over time (11). Moreover, CB transplants showed a lower risk 

of developing graft-versus-host disease in both matched and unmatched recipients (12-

14). Graft-versus-host disease is a serious adverse outcome ending in life-threatening 

tissue damage because of immune graft cells activated by the host’s antigens. CB 

transplantation is executed to replenish a recipient’s bone marrow in healthy HSPCs 

following myeloablative chemotherapy to treat hematological malignancies such as acute 

myeloid leukemia (AML). As with other types of acute blood cancer, AML is characterized 

by blast cells within the bone marrow in a proportion of at least 20%. This procedure is 

nowadays a well-established therapeutic strategy, especially for pediatric patients for 

which the required cell dose based on body weight is more readily achievable.  
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Epidemiology and manifestations of acute myeloid leukemia 

While leukemia is the most diagnosed pediatric cancer, AML is less common and 

accounts for 2-5% of pediatric cancer incidence and 15-20% of pediatric leukemia (15, 

16). The incidence of pediatric AML in the United States was estimated at 7.7 cases per 

million children aged up to 14 years between 2005 and 2009 (17). The highest incidence 

is found in infancy, with 1.6 cases per 100,000 infants, similar to the incidence of adults 

older than 40 years of age (18). AML incidence rates are higher in the first two years and 

decrease to reach a basal line at nine years of age. Afterwards, the numbers increase 

during adolescence and young adulthood and maintain this upward trend (19). Data 

collected throughout the last decades show a rise in pediatric cases (17, 18). AML survival 

rates average 60-70% in children and young adults but are lower in specific leukemia 

subgroups due to elevated relapse rates (20, 21). 

AML is a hematological malignancy characterized by the clonal expansion of 

undifferentiated myeloid precursors that have acquired genetic abnormalities, thus 

impairing hematopoiesis, resulting in bone marrow failure. It is estimated that about 25% 

of all AML cases originate following exposure to cytotoxic agents or arise in the context 

of a pre-existing myelodysplastic or myeloproliferative syndrome (22). AML presentation 

includes a broad range of unspecific symptoms and clinical manifestations correlating to 

bone marrow failure or direct infiltration of blast cells. Fatigue, dyspnea, headache and 

chest pain may all result from anemia. Patients may have easy bruising or bleeding as a 

result of thrombocytopenia (23). Hemorrhage and coagulopathy are common 

complications, and up to 60% of cases may present with some form of bleeding (24). 
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Leukopenia may be accompanied by immune cell dysfunction and is evidenced by poorly 

healing skin wounds and recurrent infections. Blast cell infiltration may cause rash-like 

lesions, nodules and chloromas also called myeloid sarcomas (25). Similarly, 

presentation of pediatric acute leukemia includes fever, pallor, bleeding 

(petechia/purpura), bone pain, lymphadenopathy, gingival hyperplasia, chloromas and 

hepatosplenomegaly/splenomegaly (26).  

 

Fusion genes amid the aetiology of acute myeloid leukemia  

AML is a heterogeneous disease with the appearance of multitudinous driver 

mutations affecting cell components involved in self-renewal, proliferation and 

differentiation. Indeed, 5234 driver mutations involving 76 genes or regions have been 

identified, making the disease molecularly and clinically complex (27). AML has many 

associated genes with a low somatic mutation frequency compared to other cancer types 

(28). Similarly, pediatric AML is characterized by a low burden of genomic alterations, 

with about one-third of cases not presenting any copy number alterations (29). It was 

shown that the genetic lesions and their interactions are age-specific, thereby forging the 

concept that AML is an ontogeny-specific disease (30). Indeed, certain groups of genes 

are preferentially mutated in children or adults, with fusion genes being more frequent in 

children (31). The fusion genes, resulting from chromosomal rearrangements, produce 

in-frame chimeric proteins that provide blast cells with cancerous properties. As it is 

observed with MLL (KMT2A) rearrangements involving multiple translocation partners, 

fusion genes may give rise to leukemia of two different lineages (32). Nowadays, it is 

evident that AML classification into distinct molecular subgroups must incorporate 
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cytogenetics and molecular genetics in addition to cell morphology and 

immunophenotyping (33). 

Over the years, a strong correlation has been established between recurrent fusion 

genes and given tumours (34), hence improving high-risk patients' stratification 

concerning treatment and outcome (35). Indeed, gene expression profiling of AML was 

shown to accurately identify the molecular subtype irrespective of the lineage of blast cells 

(36). Besides complementary genetic lesions, chromosomal rearrangements are 

considered critical events in pediatric AML (29) and involve transcription factors and 

epigenetic regulators. Whether the rearrangement directly includes an epigenetic 

regulator or not, fusion genes were demonstrated to be potent inducers of 

leukemogenesis through epigenetic mechanisms (37). The involvement of an epigenetic 

modifier is well exemplified by MLL-rearrangement leukemia that encodes for a histone 3 

lysine 4 (H3K4) methyltransferase whose action induces chromatin modifications leading 

to transcriptional activation (32). MLL was found to be essential to sustain self-renewal in 

normal HSCs, thus playing a central role in cancer biology (38, 39). Moreover, MLL fusion 

genes caused aberrant chromatin expression profiles in regions that encode HSCs 

regulators and transcription factors involved in hematopoiesis and leukemia (40). MLL 

fusion genes induce the overexpression of the homeobox (HOX) cluster genes and 

MEIS1, which are deeply involved in regulating hematopoiesis through HSCs proliferation 

and differentiation and aberrantly expressed in AML (41, 42). Indeed, HOX genes are 

highly expressed in primitive HSPCs while being almost absent in differentiated CD34- 

cells (43). Alongside epigenetic dysregulation, fusion genes may have different 

mechanisms of action leading to leukemia either by directly interacting with DNA or 
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through protein complexes. The fusion gene BCR-ABL1 features in chronic myeloid 

leukemia (CML) resulting from the translocation of chromosomes 9 and 22, thereby 

creating a non-receptor tyrosine kinase capable of autophosphorylation due to the loss of 

ABL1 upstream control elements (44). Although the mechanisms whereby leukemia 

arises in CML are not fully elucidated, the constitutive activity of BCR-ABL1 in HSPCs 

results in uncontrolled proliferation, loss of differentiation and loss of response to control 

mechanisms and typically resembles AML (45). Interestingly, dysregulation caused by 

BCR-ABL1 incorporates an epigenetic component as well (46). Altogether, fusion genes 

in AML dysregulate expression patterns in genes primarily involved in HSC functions 

favouring leukemogenesis, notably in self-renewal. 

 

Acute megakaryoblastic leukemia 

Acute megakaryoblastic leukemia (AMKL) is one of the several cytological 

subtypes of AML for which the diagnosis is established likewise. The additional 

characteristic of this subtype is that at least 50% of blast cells must demonstrate 

immunophenotypic evidence of megakaryocytic differentiation either by 

immunohistochemistry or flow cytometry (47). The markers of the megakaryocytic lineage 

used to establish the diagnosis are the platelet glycoproteins CD41 (GPIIb/IIIa), CD61 

(GPIIIa), CD42b (GPIb) (48). Establishing the diagnosis is often a difficult task due to 

extensive fibrosis of the bone marrow secondary to activating fibroblast factors produced 

by megakaryoblasts. This fibrosis causes inadequate bone marrow aspirates (dry taps) 

that contribute to the failure of cytogenetic analysis and difficulty in determining the 

accurate proportion of blast cells by microscopy. Touch preparations from bone marrow 
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biopsy may be performed to obtain suitable cell counting and immunohistochemistry 

staining (49). AMKL is a rare disease that accounts for only 1% of adults and 8-14% of 

children with newly diagnosed AML (50). Patients also have a bimodal age distribution 

with peaks in children and adults over 50 years old (51). AMKL has long been recognized 

with worse outcomes than the other AML subtypes for both groups of age (52). Similar to 

what is observed in AML, pediatric and adult AMKL are two distinct diseases with different 

genetic landscapes (53). Adult AMKL mainly arises in the context of evolution from 

myeloproliferative disorders (54, 55), while fusion genes are frequently found in pediatric 

AMKL, acting as powerful driver mutations (56). Of note, pediatric AMKL cases showed 

higher copy-number abnormalities than AML patients (57). Another genomic feature of 

AMKL is the high frequency of activating kinase mutations in KIT, FLT3, JAK2 and JAK3 

(58, 59). Hitherto, many fusion genes have been reported in pediatric AMKL: NUP98 

rearrangements (NUP98r), MLLr, HOX rearrangements, RBM15-MKL1 and CBFA2T3-

GLIS2. These fusion genes are mutually exclusive and account for about 60% of cases 

(60). The NUP98r and CBFA2T3-GLIS2 fusion genes are cryptic and thus not detected 

by conventional cytogenetic techniques and are associated with dreadful 5-year overall 

survival rates of 22-36% and 14-28%, respectively (57, 60). Children with Down 

Syndrome (DS; trisomy 21) have a very high risk of developing leukemia (61), particularly 

AMKL (57). DS-AMKL is believed to be initiated by a GATA1 mutation and further driven 

by accumulated mutations (62). Despite sharing similar phenotypes, DS-AMKL and 

AMKL have distinct genetic features that may underlie their different clinical outcomes, 

which are more favourable for DS-AMKL (63). Because of the molecular heterogeneity 
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observed in pediatric AMKL, risk group stratification is constantly being elaborated to 

redefine relapse risk and tailor better treatment strategies (64).  

 

CBFA2T3-GLIS2 acute megakaryoblastic leukemia 

 One of the AMKL fusion genes results from a cryptic inversion of chromosome 16 

(p13.3q24.3) that fuses CBFA2T3 to GLIS2. The first section contains the N-terminal 

nervy homology region domains of CBFA2T3, whereas the following part consists of 

GLIS2 C-terminal zinc-finger domains that bind DNA (65). CBFA2T3-GLIS2 is seen in 

about 20% of pediatric AMKL cases and is associated with the poorest prognosis, with 

overall survival of 14-28% and event-free survival of 8-35% five years following initial 

diagnosis (60). Extramedullary involvement in the central nervous system was found in 

one out of 20 cases in a cohort of CBFA2T3-GLIS2-positive patients (66). This finding 

aligns with another study wherein a patient sample was xenotransplanted into 

immunodeficient mice that consistently developed hind leg paralysis in serial 

transplantation. A cancerous mass was found near the spinal cord in some animals, and 

the flow cytometry analysis confirmed megakaryocytic blast cells. Moreover, the same 

initial sample generated recipient mice presenting with splenomegaly and striking nodular 

infiltration visible on the organ. RNA sequencing of blast cells led to the discovery of an 

upregulation of NCAM1 (CD56), for which the cell surface expression was confirmed by 

flow cytometry afterwards (67). It was determined by chromatin immunoprecipitation 

analysis that NCAM1 is regulated and a direct transcriptional target of CBFA2T3-GLIS2 

since there was an enrichment of the chimeric protein at the promoter region (67, 68). 

Several studies demonstrated that the gene expression profile of CBFA2T3-GLIS2 
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patients clusters them apart from other AMKL subgroups (65, 67, 69). It was found an 

upregulated expression of genes pertaining to the JAK-STAT, sonic hedgehog, WNT and 

bone morphogenic protein pathways such as BMP2, BMP4, WNT3, WNT8B, PTCH1 and 

HHIP (65, 67). A study revealed an activation of the Hippo and TNF pathways, both 

involved in cancer. There was also an upregulation of several receptor tyrosine kinases 

as well as two of the TAM family kinases. The former group of tyrosine kinases consisted 

of ROR1, MET and NTRK1, while TYRO3 and AXL represented the latter family of TAM 

kinases (69). CBFA2T3-GLIS2-positive patients have a significantly lower burden of 

somatic mutations when compared with other subgroups of AMKL. The genes commonly 

mutated are KIT, RAS, FLT3, GATA1 and members of the JAK-STAT pathway (53, 65, 

70). A third of CBFA2T3-GLIS2 cases present with a normal karyotype, whereas it 

represents only 9% in other subgroups of AMKL where complex karyotypes and 

hyperdiploidy are frequently found (70). Blast cells expressing an AML immunophenotype 

were reported in CBFA2T3-GLIS2-positive patients, thereby indicating that this fusion 

gene might not be restricted to the AMKL subtype. Interestingly, CBFA2T3-GLIS2-

expressing AML was observed in patients belonging to childhood and adolescence, 

whereas AMKL was solely in children (66, 71). A study using an inducible mouse model 

of CBFA2T3-GLIS2 leukemia could show that the immunophenotype observed was 

AMKL when the fusion gene was expressed in fetal liver cells, whereas it was AML with 

adult bone marrow cells. Also, survival curves displayed a more aggressive disease in 

AMKL mice as seen in patients. More importantly, leukemia was not generated without 

the induction of CBFA2T3-GLIS2, thus strengthening the assumption that the fusion gene 

is the initial event leading to malignancy from alterations in the transcriptional profile (71). 
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CBFA2T3-GLIS2 perturbs transcriptional activity 

CBFA2T3, also known as ETO2 or MTG16, is part of the myeloid translocation 

gene family whose members are thought to act as transcriptional co-repressors through 

interactions with DNA-bound transcription factors. Its expression in normal HSPCs 

suggested that CBFA2T3 may play a role in the homeostasis between self-renewal and 

differentiation (72). Indeed, the inactivation of CBFA2T3 reduced the number of HSCs as 

a result of the loss of self-renewal (73). CBFA2T3 was required for the proliferation of 

progenitors towards the erythroid-megakaryocytic lineage (74) while also repressing the 

developmentally primed erythroid genes later lost during erythroid differentiation (75). 

GATA1 is one of the genes that regulate the erythroid-megakaryocytic differentiation with 

a marked expression during the terminal maturation of megakaryocytes. It was 

demonstrated that CBFA2T3 binds to GATA1 to repress its activity in immature 

megakaryocytes, wherein CBFA2T3 expression is restricted (76). On the other hand, 

GLIS2 was not detected in normal megakaryoblasts, and its function in HSPCs biology 

remains unknown (67). Nevertheless, zinc-finger proteins are involved in tumorigenesis, 

cancer progression and metastasis formation. Therefore, it might be the case in leukemia 

as well (77). GLIS2 ectopic activity would likely be mediated directly or within protein 

complexes through DNA interactions. 

Regarding the DNA-interacting property of both fusion partners, a mechanism of 

action of CBFA2T3-GLIS2 was proposed based on observations made in the expression 

level of the genes GATA1 and ERG (78, 79). It was found that the presence of CBFA2T3-

GLIS2 in a cell line downregulated GATA1 while upregulating ERG that was required to 
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maintain leukemia (78). Associated with poor outcomes in AML, ERG expression is 

involved in HSPCs maintenance and stemness (80). Alterations in the expression of 

GATA1, together with overexpression of ERG, led to an increase in the number of 

immature megakaryocytes showing immortalization (81). Altogether, it seems that 

CBFA2T3-GLIS2, through interactions with transcriptional complexes, drives the 

acquisition of leukemia properties. These encompass self-renewal due to the 

upregulation of ERG and the block of megakaryocytic differentiation as a consequence 

of the downregulation of GATA1 (79). 

 

NCAM1 (CD56) upregulation in CBFA2T3-GLIS2 acute myeloid leukemia 

As previously mentioned, evidence suggests that CD56 is a direct transcriptional 

target of CBFA2T3-GLIS2 (67, 68). Surface expression of CD56 on CBFA2T3-GLIS2-

positive blast cells and its upregulated transcription have been recurrently observed 

throughout studies (82). The neural cell adhesion molecule 1 (NCAM1) is a prototypic 

immunoglobulin superfamily member (83). Its expression in the nervous system is 

abundant and crucial during embryonic development (84). Nonetheless, NCAM1 can be 

found in various tissues after birth but also in neoplasms (85). NCAM1 is a homophilic 

adhesion molecule whose expression and activity are regulated by several forms of cell 

surface modulation (86). These cell-to-cell interactions potentially affect cell homing and 

dissemination, and therefore CD56 may be a key player in cancer malignancy (87). In 

AML, about 25% of cases are CD56-positive, and its presence on blast cells indicates a 

poor prognosis as it was associated with unfavourable cytogenetic abnormalities, a 

reduced probability of achieving complete remission and shorter overall survival (88, 89). 
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Thus, it makes the assessment of CD56 by flow cytometry a valuable prognostic risk 

factor (87). Furthermore, CD56-positive AML cell lines exhibited drug resistance by 

activating the mitogen-activated protein kinase (MAPK) signalling pathway (90). 

Consequently, CD56 might be used as a putative biomarker for guiding treatment 

decisions, especially for the MAPK inhibitor-based therapies that might be beneficial (91). 

 

Study models of CBFA2T3-GLIS2 acute myeloid leukemia 

Pediatric CBFA2T3-GLIS2 AMKL is a sporadic and challenging disease. The 

paucity of samples compelled researchers to attempt, without success, to generate an 

animal model to precisely study the disease (56, 65). Indeed, in vivo models of leukemia 

are critical to the maintenance of the niche interactions that contribute to the disease 

sustainability (2, 3). Nevertheless, in vitro data demonstrated increased self-renewal 

together with megakaryocytic differentiation in CBFA2T3-GLIS2-transduced murine 

HSPCs when serially replated onto methylcellulose (65, 78). In another study, transduced 

human CB HSPCs could be cultured for at least 12 weeks while showing immature 

megakaryocytic differentiation (69). Previous failures to generate CBFA2T3-GLIS2 AMKL 

in animal models were ascribed to the requirement of a cooperative mutation (56, 65). 

However, one group has generated a transgenic mouse model that successfully 

phenocopied the disease in vivo solely upon the induction of CBFA2T3-GLIS2 in fetal 

liver HSCs, suggesting ontogeny-related susceptibility to transformation (71).  

Our laboratory has contributed to the development of synthetic human models of 

AMKL by lentiviral-mediated overexpression of NUP98-KDM5A in CB HSPCs (92). The 

cells were maintained in an optimized medium containing agonists of cell self-renewal 
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SR-1 and UM171 and transplanted into immunodeficient mice (93, 94). Thus, we 

hypothesized that overexpression of CBFA2T3-GLIS2 in developmentally relevant 

human CB HSPCs could lead to leukemic transformation phenocopying AMKL in animal 

models. It is herein reported the generation of human models of CBFA2T3-GLIS2 

leukemia in immunodeficient mice. 

 

Materials and methods 

 Even though this study used experimental procedures implemented in the 

laboratory and comprehensively described in a recent paper (92), most underwent 

adjustment to reflect subtle changes of a slightly different approach. Statistical analysis 

was done using Prism 8 (GraphPad Software, San Diego, CA, USA). 

 

Lentivirus production of CBFA2T3-GLIS2 

 It was demonstrated in the literature that the MO7e cell line (ACC 104, DSMZ) 

harbours the fusion gene CBFA2T3-GLIS2 (78). Hence, the coding sequence was 

obtained from the MO7e cell line by reverse transcriptase-PCR (RT-PCR) using reported 

primers (65) and cloned by standard procedures into a lentiviral vector containing an N-

terminal-FLAG sequence along with the reporter gene GFP (figure 1B). According to 

standard procedures, pseudotype VSV-G vectors were produced with HEK293T cells 

then titered by flow cytometry. 
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Isolation of cord blood hematopoietic stem/progenitor cells (CD34+Lin-) by 

magnetic positive selection  

 The protocol for the isolation of human CB HSPCs was reviewed and approved by 

the research ethics board of CHU Sainte-Justine. CB units were collected with the 

mothers’ consent and distributed by Héma-Québec through its public CB bank (Montreal, 

Canada). HSPCs were isolated from CB newly collected within the past 30 hours using 

the EasySep™ Human Cord Blood CD34 Positive Selection Kit (Cat. No. 17896; 

StemCell Technologies, Vancouver, BC, Canada) and the “The Big Easy” EasySep™ 

Magnet (Cat. No. 18001; StemCell Technologies, Vancouver, BC, Canada). Preparations 

having at least a concentration of 90% in CD34+ cells following flow cytometry analysis 

were used in experiments.  

 

Lentiviral transduction of cord blood hematopoietic stem and progenitor cells 

CB HSPCs (CD34+Lin-) were thawed and pooled in a medium containing SR-1 

and UM171, prompting cell expansion (93, 94). Cells were cultured for 12 hours at 37oC 

in humidified air having a 5% concentration in CO2. Lentiviral particles either encoding 

CBFA2T3-GLIS2 or the empty vector were added to a 96-well plate coated with 

RetroNectin® (Cat. No. T100B; Takara Bio USA Inc., Mountain View, CA, USA) in an 

amount to obtain a multiplicity of infection of 50. HSPCs were equally distributed for a 

total number of 20,000 cells per well in the cell expansion medium supplemented with 1 

µg/mL of hexadimethrine bromide. They were kept for 16 hours at 37oC in humidified air 

having a 5% concentration of CO2. 
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Detection of the fusion gene transcript 

Following the transduction of CB HSPCs and 84 days of culture ending up in only 

GFP-positive cells, RNA was isolated using the Direct-zol™ RNA MiniPrep Kit (Cat. No. 

R2050, Zymo Research, Irvine, CA, USA). Coding DNA was obtained from isolated RNA 

with the Applied Biosystems™ High-Capacity cDNA Reverse Transcription Kit (Cat. No. 

4368814, Thermo Fisher Scientific, Waltham, MA, USA). The fusion gene transcript was 

amplified with the DreamTaq DNA Polymerase (Cat. No. EP0702, Thermo Fisher 

Scientific, Waltham, MA, USA) using reported primers flanking the breakpoint (65). The 

thermocycler program had an initial stage of denaturation at 95 oC for one minute. The 

second stage was repeated 15 times with denaturation at 95 oC for 30 seconds, followed 

by a decreasing annealing temperature of 1 oC for every cycle beginning at 66 oC. The 

final step of extension was done at 72 oC for one minute. The third stage had identical 

denaturation and extension steps but repeated 20 times with a constant annealing 

temperature of 51 oC for 30 seconds. Finally, the fourth stage consisted of a terminal 

extension at 72 oC for seven minutes. In order to reveal the PCR products, electrophoresis 

with a 2% gel was performed at 85V for one hour. 

 

Injection of CBFA2T3-GLIS2-transduced cells in immunodeficient mice 

The CHU Sainte-Justine Institutional Animal Ethics Committee reviewed and 

approved the animal procedures. Female NOD-SCID IL2Rgnull (NSG) immunodeficient 

mice (Cat. No. 005557; The Jackson Laboratory, USA) were used for xenotransplantation 

at least 6 hours after sublethal irradiation of the whole body with 2 Gy of X-rays. Two third 

of each well was intravenously injected into the tail vein. Serial transplantation was fulfilled 
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likewise on the same day that sacrifice occurred. The mice were housed in pathogen-free 

conditions at the animal care facility of CHU Sainte-Justine. Air-filtered cages were used, 

wherein sterilized food and acidified water were provided. 

 

Sacrifice of mice upon leukemia manifestations 

 Transplanted mice were kept alive up to 57 weeks or until the appearance 

of advanced manifestations of leukemia such as reduced mobility, paleness, hunchback 

and dyspnea. The bone marrow was extracted upon sacrifice by gently flushing 1% FBS-

RPMI 1640 medium with a 3 mL syringe through the femur, tibia and pelvic bones. The 

spleen cells were dissociated by placing the tissue within a sterile 100 µm cell strainer 

mesh in a Petri dish filled with 1% FBS-RPMI 1640 medium and using the plunger of a 

syringe to mash it. Live cells in tissue suspensions were counted using a hemocytometer 

and the Trypan blue dye. About 1x106 live cells were taken for immunophenotyping which 

was realized with the LSRFortessa™ flow cytometer (Cat. No. 649225; BD Biosciences, 

Franklin Lakes, NJ, USA). Other 1x105 live cells were used for cytocentrifugation using 

the Cytospin™ 4 (Cat. No. A78300003; Thermo Fisher Scientific, Waltham, MA, USA) at 

1500 RPM for 5 minutes. According to the conventional procedure, a Giemsa staining 

was applied to the obtained stained preparations. Cells were observed with the Axioscope 

A.1 upright microscope (Zeiss, Oberkochen, Germany) equipped with the Axiocam 105 

color with 0,5X magnification (Zeiss, Oberkochen, Germany). The oil immersion objective 

lens had a 100X magnification and a numerical aperture of 1,4 (Zeiss, Oberkochen, 

Germany). Image acquisition and processing were achieved with the Zen 2.6 software 

(Zeiss, Oberkochen, Germany).  



 20 

 

Flow cytometry analysis 

 Flow cytometry staining was performed in line with the standard procedure using 

1x106 live cells. The staining buffer was composed of 1 mM EDTA and 2% FBS in a 

solution of PBS. Non-specific and Fc-receptor binding was blocked with a 1:1000 dilution 

of mouse gamma globulin (Cat. No. 015-000-002; Jackson ImmunoResearch 

Laboratories Inc., West Grove, PA, USA). Data were first analyzed with FACSDiva (BD 

Biosciences, Franklin Lakes, NJ, USA) then elaborated with FlowJo (BD Biosciences, 

Franklin Lakes, NJ, USA). 

 

Immunofluorescence imaging of the chimeric protein 

 About 1x105 cells from an AMKL tertiary mouse were cytocentrifuged with the 

Cytospin™ 4 at 1500 RPM for 5 minutes. Preparations were fixed in 2% formaldehyde 

for 10 minutes then permeabilized with 0.2% Triton-X-100 for 10 minutes. Non-specific 

binding was blocked with 10% donkey serum for 20 minutes. The mouse monoclonal anti-

FLAG® M2 antibody (Cat. No. F1804; Sigma-Aldrich Corp., St. Louis, MO, USA) in a 

dilution 1:1000 was added, and preparations were incubated for one hour. The donkey 

anti-mouse secondary antibody Alexa Fluor® 647 (Cat. No. A31571; Thermo Fisher 

Scientific, Waltham, MA, USA) in a dilution 1:1000 was added, and preparations were 

incubated for one hour in the dark. DNA was stained with 300 nM DAPI for 5 minutes. 

Finally, the preparations were mounted with No.1 coverslips and an antifading reagent. 

 Fluorescence microscopy was realized with the upright microscope Axioscope.A1 

equipped with the Axiocam 305 mono with 0,63X magnification (Zeiss, Oberkochen, 
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Germany) and the X-Cite® 120LEDmini (Excelitas Technologies Corp., Waltham, MA, 

USA) as the light source. Filter cubes for DAPI and Cy5 (Zeiss, Oberkochen, Germany) 

were used with an objective lens having a magnification of 40X and a numerical aperture 

of 0,75 (Zeiss, Oberkochen, Germany). Image acquisition and processing were achieved 

with the Zen 2.6 software using an exposure time of 0.1 and 5.0 seconds together with a 

light intensity of 5 and 15% for the DAPI and Cy5 channels, respectively.  

 

RNA sequencing 

Library preparation, sequencing, and data processing were performed at the 

genomics platform of the Institute for Research in Immunology and Cancer (Montreal, 

Canada). Libraries were prepared using the KAPA Stranded mRNA-Seq Kit (Roche Life 

Science, Basel, Switzerland), and the paired-end sequencing of 150 cycles was 

performed on the NextSeqÒ 500 system (Illumina, San Diego, CA, USA). Sequences 

were trimmed to remove sequencing adapters and low-quality 3' bases using 

Trimmomatic version 0.35 (95). Subsequently, they were aligned to the reference human 

genome version GRCh38 using STAR version 2.5.1b (96) with gene annotation from 

GENCODE version 26. Gene expression was directly estimated as read counts from the 

STAR mapping and computed using RSEM version 1.2.28 (97) to obtain transcript level 

expression and fragments per kilobase of transcript per million mapped reads (FPKM). 

The fusion gene sequence was confirmed with FusionCatcher (98). 
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Comparative genomic hybridization/single-nucleotide polymorphism analysis 

 Genome integrity and copy-neutral genomic aberrations were assessed in some 

leukemia samples with the CGX™ Onco Arrays (Cat. No. 4120-0010; PerkinElmer Inc., 

Waltham, MA, USA) covering over 2410 cancer-relevant regions associated with 

hematological disorders as well as with solid tumours. The cytogenetics laboratory of 

CHU Sainte-Justine performed the microarray analysis. 

 

Results 

Overexpression of CBFA2T3-GLIS2 in hematopoietic stem and progenitor cells 

As reported in the literature, the pediatric AMKL cell line M07e harbours the fusion 

gene CBFA2T3-GLIS2 (65). Hence, RNA was isolated from M07e cells then the coding 

sequence was obtained by RT-PCR and confirmed by RNA sequencing. The latter 

revealed that 11 exons encoding two NHR domains of CBFA3T2 were fused to the zinc-

finger domains of GLIS2 from exon 4 (figure 1A). The resulting sequence creates a 

chimeric protein of 962 amino acids. Subsequently, the sequence was cloned into a 

lentiviral vector inducing overexpression of the gene of interest and the reporter gene 

GFP (figure 1B). The empty vector solely coding GFP serves as a negative control in 

forthcoming experiments. In order to verify whether the newly created sequence could be 

correctly inserted into the genome and soundly transcribed within CB HSPCs, the 

CBFA2T3-GLIS2 vector was introduced into 10,000 cells previously isolated from a single 

donor. RT-PCR was performed using primers flanking the breakpoint after 84 days of 

culture that was entirely composed of GFP+ cells (figure 1B). An expected PCR product 

of 627 bp was observed in both transduced cell samples and the M07e cells, whereas the 
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band was absent with untransduced CB HSPCs (figure 1C). Immunofluorescence 

imaging was performed as a next step in demonstrating the vector capability to produce 

the CBFA2T3-GLIS2 chimeric protein localized to the nucleus (figure 1D). The chimeric 

protein was detected with an anti-FLAG antibody, and it colocalized with DAPI-stained 

nuclei, suggesting an active transcription and translation of the inserted sequence. 

 

Figure 1: Overexpression of CBFA2T3-GLIS2 was induced in CB HSPCs  

A. Schema of the CBFA2T3-GLIS2 sequence that was obtained from MO7e cells by RT-

PCR. RNA sequencing reveals two NHR domains of CBFA2T3 fused to the zinc-finger 
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domains of GLIS2. The resulting chimeric protein has 962 amino acids. B. The sequence 

was cloned into a lentiviral vector inducing overexpression of CBFA2T3-GLIS2 together 

with GFP. C. RT-PCR of transduced CB HSPCs using primers flanking the breakpoint 

confirmed the fusion gene transcription. D. Immunofluorescence imaging of the FLAG tag 

revealed the chimeric protein presence within the nucleus (scale=10 µm). 

 

CBFA2T3-GLIS2-transduced HSPCs exhibited extensive proliferation in vitro 

In order to study the proliferation capacity induced by CBFA2T3-GLIS2, CB 

HSPCs were isolated from four different donors. Upon experiment day, CB HSPCs were 

pooled then equally distributed into a 96-well plate for a number of 10,000 cells per well. 

The cells were transduced with either the empty or fusion-expressing lentiviral vector for 

a total of ten and 20 wells, respectively. The proportion of cells expressing GFP, hence 

indicating they had been transduced, was assessed by flow cytometry every seven days 

(figure 2A). Steep increases in GFP percentage were observed from day 28 for some 

wells having received the vector CBFA2T3-GLIS2. As a result, several CBFA2T3-GLIS2 

wells surpassed the control wells and even reached 100% of cells being GFP+ for three 

of them. However, half of the CBFA2T3-GLIS2 wells held a constant proportion in GFP+ 

cells near zero from day seven until the end, and almost all CBFA2T3-GLIS2 wells that 

exhibited a rapid increase in GFP began to diminish at day 77. The majority of the control 

wells maintained a proportion of transduced cells around 50% until the experiment was 

terminated at day 91. The presence of steep increases rather than constant proportions 

in GFP+ cells suggests that the purportedly transformed cells considerably proliferated 

over the non-transduced cells.  
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Figure 2: Extensive proliferation of CBFA2T3-GLIS2-transduced HSPCs following 

28 days of culture. A. Half of the CBFA2T3-GLIS2 wells demonstrated a steep increase 

in the proportion of GFP+ cells beginning from day 28 to reaching 100% for three of them 

eventually. The control wells maintained a proportion in GFP+ cells around 50%. B. The 

proportions of hCD45+GFP+ cells and CD56+CD117Dim cell population were determined 

by flow cytometry at day 28 and day 35 for all the control wells (represented by well A10) 

and three CBFA2T3-GLIS2 wells. There was a constant mean proportion in 

hCD45+GFP+ cells for all the control wells, whereas the proportions increased in 

CBFA2T3-GLIS2 wells. No CD56+CD117Dim population was found in the control wells, 

while marked increases were observed in CBFA2T3-GLIS2 wells. 

 

The proportions of hCD45+GFP+ and CD56+CD117Dim cells at day 28 and day 35 

were determined by flow cytometry for all the control wells and three CBFA2T3-GLIS2 

wells (figure 2B). The CD56+CD117Dim population, issued from hCD45+GFP+ cells, was 

studied because of the CD56 association with CBFA2T3-GLIS2 AML, while CD117 is an 

HSPC state marker and is expressed at a dim intensity in AML (99). The proportion of 

hCD45+GFP+ cells observed at day 35 versus day 28 for the control wells had a mean 

ratio of 1,07, indicating a constant proportion over this period. As expected, no 

CD56+CD117Dim population was detected in the control wells. On the contrary, 

noteworthy increases in both hCD45+GFP+ and CD56+CD117Dim populations were 

observed in the three shown CBFA2T3-GLIS2 wells. Although the proportions of 

hCD45+GFP+ cells increased by at least 1,54-fold, the greatest expansions were of the 

CD56+CD117Dim cells ranging from 2,43-fold to 5,32-fold. Whether CBFA2T3-GLIS2 
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insertion into cultured HSPCs exerts immediate or delayed effects following transduction 

remains unknown. The phenotype and frequency of initiating cells susceptible to 

CBFA2T3-GLIS2-induced transformation will require more investigation. 

 

Synthetic CBFA2T3-GLIS2 leukemia generated in immunodeficient mice 

Similar to the in vitro study, CB HSPCs were previously isolated from six different 

donors. On experiment day, CB HSPCs were pooled then equally distributed into a 96-

well plate for a number of 20,000 cells per well (figure 3A). Later the same day, the cells 

were transduced using lentiviruses by either the empty vector or the fusion gene vector 

for a total of five and ten wells, respectively. The entire cell content of each well was 

injected into a female immunodeficient mouse the following day.  

Eventually, six out of the ten mice that received cells with the CBFA2T3-GLIS2 

vector ended up with leukemia following a period ranging from 9,9 to 36,1 weeks (figure 

3B). The five control mice were sacrificed at week 57, thereby terminating the experiment. 

While the other five ill animals had a spleen of about 0,100 g, the mouse I749AMKL was 

the sole animal presenting with an evidently enlarged spleen weighing 0,385 g. Blast 

cells, identified as the hCD45+GFP+ population by flow cytometry, were detected in the 

bone marrow of every animal in proportions varying from 40% to complete infiltration in 

the case of the I749AMKL. Except for the I730AML, the spleen was also infiltrated, though to 

a lesser extent than the bone marrow. Only the I749AMKL that presented with 

splenomegaly had a spleen as infiltrated as the bone marrow. Half of the tumours strongly 

expressed an AMKL phenotype, while the three others were deemed AML based on the 

immunophenotype and cell morphology. Indeed, no CD19 nor CD3 population was 
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detected in any animal (data not shown), which could have indicated lymphoblastic 

leukemia. Furthermore, all the tumours expressed the markers CD71 and CD117 that 

may be encountered in AML, especially the latter. Nonetheless, more specific myeloid 

markers would be required to ascertain the leukemia lineage undoubtedly. Although the 

I747AML tumour had a minor CD41 population, only three expressed the megakaryocytic 

markers CD41 and CD61 at a proportion larger or equal to 50% as sought to be clearly 

classified AMKL. The stem cell marker CD34 was detected on I750AML, I731AMKL and 

I749AMKL leukemic cells, with a greater proportion for the last. CD56 was expressed on 

the surface of the primary mice except for the I750AML and at a lower proportion for the 

I730AML. The mouse I747AML expressed CD56 strongly and exclusively among the AML 

tumours. Therefore, the CD56 expression was definitively more predominant in the AMKL 

subtype since it was observed on every tumour by more than half the blast cells. 

Ultimately, the primary tumours were successfully passed into secondary recipients to 

confirm the generation of synthetic leukemia. Moreover, the mice I749AMKL, I732AMKL and 

I750AML produced 10, 8 and 7 tertiary recipients, respectively. 

The immunophenotype and cell morphology were examined for comprehending 

the contrasts between the presentations of CBFA2T3-GLIS2 leukemia. The best 

representative of each group is shown for comparison (figure 3C). The immunophenotype 

was determined by flow cytometry and cell morphology evidenced by cytocentrifugation 

followed by a Giemsa staining upon sacrifice. The blast cells, identified by a single double-

positive population expressing hCD45 and GFP that is not seen in healthy animals, are 

shown in the upper right quadrant of the first column. In the next column, blast cells from 

the I749AMKL strongly expressed CD41 and CD61 as displayed in the upper right quadrant, 
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whereas they were absent in both tissues of the I750AML. Another striking difference of 

AMKL animals shown in the third column is the dual expression of CD56 and CD34 in 

both tissues forming distinct populations once again in the upper right quadrant. 

Nevertheless, a small population of about 10% seemed to be present in the bone marrow 

of the I750AML though it is challenging to ascertain. Also, a quarter of the I749AMKL blast 

cells solely expressed CD56 without CD34 in the lower right quadrant. The I750AML was 

the unique AML tumour with a small proportion of CD34+ cells in the bone marrow, as 

shown in the upper left quadrant. It is possible to appreciate the common positivity of the 

markers CD71 and CD177 across generated tumours in the upper right quadrant of the 

last but one column. Lastly, cells from the I749AMKL exhibited blebs on the plasma 

membrane (indicated by arrows), a putative characteristic of megakaryocytic 

differentiation. Also, smaller cells with dark coloration are seen, principally in the I750AML. 

In light of these observations, it is evident that synthetic CBFA2T3-GLIS2 leukemia 

has a heterogeneous expression of cell surface markers allowing its classification into the 

AMKL subtype and a less precise presentation of AML. Furthermore, CD41+CD61+ cells 

had blebs on the surface, which were absent on double-negative cells. Astonishingly, the 

phenotype associated with a primary mouse is also reflected on secondary and tertiary 

recipients. 
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Figure 3: CBFA2T3-GLIS2-transduced HSPCs generated AML with a dual 

phenotype in immunodeficient mice. A. CB HSPCs (CD34+Lin-) were transduced by 

lentiviruses carrying the fusion gene together with GFP. The cells were injected into 

immunodeficient mice the next day. B. Six animals had leukemia, of which three clearly 

expressed the megakaryocytic markers CD41 and CD61. CD56 was observed across the 

tumours with the exception of one. The generation of leukemia was confirmed since the 

disease was successfully passed into recipient mice. C. A tumour representing each 

phenotype was displayed to contrast the immunophenotype and cell morphology of cells 

harvested from the bone marrow and the spleen. Blebs indicated by arrows were present 

on the cells from both tissues of the I749AMKL, as evidenced by cytocentrifugation 

preparations stained by Giemsa. (scale=10 µm). 

 

Phenotypes of synthetic CBFA2T3-GLIS2 leukemia remained constant through 

recipient hosts 

According to the leukemia passage, the latency of generated recipient mice was 

depicted on a survival graph (figure 4A). A significant diminution in latency over the 

number of passages (p<0,05) was observed. However, it is essential to mention that the 

number of injected cells was 50 times greater for the secondary and tertiary groups. Also, 

the tertiary group was misrepresented since only half the primary tumours generated 

tertiary recipients. Nevertheless, the tertiary recipients had similar latencies among them 

with respect to the initial tumour of which they were issued. 

The spleen weight of the recipients issued from the tumours I732AMKL, I749AMKL 

and I750AML perdured through the passages, although the I749AMKL descendants showed 
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a greater variation than the controls and the other lineages (figure 4B). A significant 

difference was found between the I749AMKL descendants and the other lineages and the 

controls (p<0,05). The blast cells infiltration within the bone marrow and the spleen were 

identically determined by identifying the hCD45+GFP+ population using flow cytometry 

(figure 4C). The infiltration level mainly remained constant in both tissues for all lineages. 

The bone marrow was significantly more infiltrated than the spleen (p<0,05), and the 

spleens of the I749AMKL descendants were significantly more infiltrated than the other 

lineages (p<0,05). As it was with the primary tumours, the spleens of the AML tumours 

seem to be less infiltrated than the AMKL ones. Nonetheless, further studies will be 

required to validate this observation. 

Bone marrow cells from recipients of the I749AMKL and I750AML were examined 

regarding the immunophenotype and cell morphology using identical means (figure 4D). 

The I749AMKL descendants had a total infiltration and conspicuously expressed the 

megakaryocytic markers CD41 and CD61. The proportion of cells displaying 

CD34+CD117+, which are undifferentiation markers, increased from secondary to tertiary 

recipients. However, it is unclear whether the same phenomenon occurred with the 

CD71+CD56+ cells since the population in the secondary recipient is ill-defined. Blebs 

were also visible on the surface of cells from the descendants of the I749AMKL (indicated 

by arrows). The bone marrow of the I750AML descendants was entirely infiltrated, which 

represents an impressive increase compared to the 67% seen in the primary tumour. 

There was a continual absence of the markers CD41, CD61 and CD56, while blebs were 

still not observed on cells. Furthermore, the low proportion of CD34+ cells seen in the 

bone marrow of the I750AML vanished in the secondary passage. 
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Figure 4: Self-renewal of primary tumours assessed by serial transplantation. A. 

Survival curves of recipient mice serially transplanted with synthetic CBFA2T3-GLIS2 

AMKL cells depicted significant latency diminution over the number of passages (p<0,05). 

Also, it is possible to appreciate that the latency was inversely correlated to the number 

of passages. B. C. The spleen weights and infiltration levels were consistent in the 

recipients of the primary tumours I732AMKL, I749AMKL and I750AML. Only the descendants 

of the I749AMKL presented with significantly greater spleen weights than the controls and 

the other lineages (p<0,05). Furthermore, the bone marrow was significantly more 

infiltrated than the spleen (p<0,05), while the spleens of the descendants of the I749AMKL 

were significantly more infiltrated than the ones of the other lineages (p<0,05). D. The 

immunophenotype and cell morphology were thoroughly similar to the corresponding 

primary tumour, with blebs present on CD41+CD61+ cells (scale=10 µm). 

 

Overall, recipient mice exhibited a latency that was inversely correlated to the 

number of passages. The spleen weights and infiltration levels were consistent in 

recipient hosts with reference to the primary tumour they were issued. Likewise, the 

immunophenotype and cell morphology were, with blebs present on CD41+CD61+ cells. 

Therefore, synthetic CBFA2T3-GLIS2 leukemia shows a self-renewal capacity as 

assessed by serial transplantation and maintenance of phenotypic characteristics. 
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RNA expression profiles from CBFA2T3-GLIS2 xenografts correlate with pediatric 

megakaryocytic leukemia  

RNA sequencing was performed with RNA extracted from CBFA2T3-GLIS2 

xenografts (five primary and I730AML secondary tumours) and a CBFA2T3-GLIS2 AMKL 

patient to assess whether the expression profile of the models correlates with the human 

disease. Principal component analysis (PCA) was performed with the RNAseq datasets 

from the CBFA2T3-GLIS2 xenografts and a patient sample and compared to previously 

sequenced NUP98-KDM5A AMKL and normal CB-CD34+ cells from our local cohort 

(figure 5). The PCA analysis showed model and patient tumours clustering according to 

their genetic subtype.  
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Figure 5: Principal component analysis (PCA) plot of the first and second principal 

components of CBFA2T3-GLIS2 models. NUP8-KDM5A models, patient and control 

cord blood (CB)-CD34+ cells are shown for comparison. The analysis was calculated 

using the 500 most variable genes between all conditions from the RNAseq dataset. 

 

Hierarchical clustering performed with the RNAseq datasets from the synthetic 

CBFA2T3-GLIS2 xenografts and an AMKL patient cohort (53) showed genotype-matched 

grouping of model and patient tumours (figure 6). Overall, global analysis of the RNAseq 

datasets suggests that the engineered CBFA2T3-GLIS2 leukemia xenografts correlate 

with the human disease molecularly. 
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Figure 6: Hierarchical clustering was performed with the RNAseq datasets from the 

CBFA2T3-GLIS2 xenografts and an AMKL patient cohort (53), using the top 100 

most variant genes. The Expression profiles from the CBFA2T3-GLIS2 xenografts 

cluster with the genotype-matched patient tumours. 

 

Differential expression of select HSPC, megakaryocytic and myeloid markers were 

evaluated in CBFA2T3-GLIS2 models and a patient tumour, normal CB HSPCs (n=4 

different donors) and two AML patients (fusion genes NUP98-NSD1 and MLL-AF9) (table 

I). The megakaryocytic markers, notably CD41 and CD61, were unexpectedly 

upregulated in all the synthetic tumours, including the AML ones. Indeed, the expression 

levels were relatively superior compared to both normal CB HSPCs and AML patients. 

Furthermore, most of the myeloid surface markers as well as the transcription factor 

CEBPA, which is essential for myeloid lineage commitment, were less expressed in the 

synthetic models. As previously reported in the literature, NCAM1 was expressed in all 

CBFA2T3-GLIS2 leukemia models. Altogether, the upregulation of megakaryocytic genes 

and NCAM1 in every model suggests a heterogeneous disease with a megakaryocytic 

component, even in the absence/low expression of CD41 and CD61 on the cell surface. 
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Table I: Gene expression of the CBFA2T3-GLIS2 synthetic models. Megakaryocytic 

markers were upregulated in every synthetic CBFA2T3-GLIS2 tumour compared to the 

normal CB HSPCs and two AML patients.  

 

Synthetic tumours of CBFA2T3-GLIS2 leukemia harbored few chromosomal 

abnormalities 

Once the immunophenotype of the generated tumours was characterized, 

attention was given to the possibility that blast cells may carry chromosomal 
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abnormalities. Thus, comparative genomic hybridization and single nucleotide 

polymorphism arrays (CGH/SNP) were performed on tumours of different passages (table 

II). Only the primary mouse I731AMKL was not represented. The analysis revealed that the 

I732AMKL descendants carried a del(11)(p14.3-p12) in proportions from 50 to 80%. 

Interestingly, the number of carrying blast cells increased from the secondary to the 

tertiary recipient. Although this chromosomal region includes cancer-related genes such 

as APIP, CAPRIN1, CD44, ELF5, FANCF, LMO2, PAX6, RAG1, RAG2, TRAF6, WT1 

and PRRG4, the clinical significance of this deletion remains unknown. Surprisingly, the 

I749AMKL did not present chromosomal abnormalities even though this leukemia seemed 

quite aggressive because of the splenomegaly and complete infiltration in the bone 

marrow and spleen. Also, nothing was discovered in the tumour I747AML despite having 

the shortest latency of only 9,9 weeks. However, the secondary recipient of the I747AML 

had a duplication of the terminal region of chromosome 1 in 90% of the cells. 

Unfortunately, little is known on how the genes of this area might impact leukemia. A 

chromosomal abnormality was observed in the secondary recipient of the I750AML as 85% 

of the cells harboured a del(20)(q11.22-q13.2). This latter deletion has a diagnostic 

significance in secondary AML (100). The CGH analysis of parental cord blood cells was 

normal and did not reveal any cancer-predisposing chromosomal anomalies. Briefly, 

more investigation will be required to determine whether the altered genetic regions 

actually impact leukemia generation and progression. 
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Table II: Chromosomal abnormalities were found in recipients from three primary 

tumours. Although two other abnormalities were observed, only the del(20q) seen in the 

I750AML secondary recipient has a diagnostic significance of secondary AML.  

 

Blast cells regenerated leukemia after a short period of cell culture 

In order to determine whether leukemia could be generated after a period of cell 

culture, splenic cells of the K423AMKL, the unique I749AMKL secondary recipient, were 

cultured for six days then transplanted (figure 7). There was a surface expression of the 

megakaryocyte markers (CD41; CD61) together with the CD34+CD117+ and 

CD56+CD71+ populations from day one. This expression profile remained for the next 

five days, with the fluorescence intensity becoming much brighter as soon as three days 

of culture. Furthermore, the cell culture was performed with six independent wells, 

wherein the number of cells had uniformly expended by about ten folds to ultimately a 

mean of 2,9 million cells (supplementary table I). The entire cell content of each well was 

transplanted after six days into one recipient mouse that generated leukemia ensuing a 
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mean latency of 11,2 weeks. Harvested blast cells showed a megakaryocytic 

immunophenotype, with a greater proportion of cells concurrently expressing CD34 and 

CD117 at sacrifice. Consequently, this elevated expression of HSPCs markers might 

indicate a superior stemness state than observed in culture. In the end, the repopulating 

cells, which are capable of regenerating leukemia, were either maintained or injected in 

a sufficient number ensuing six days of cell culture. 
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Figure 7: Blast cells had the potential to regenerate leukemia after six days of cell 

culture. Blast cells were transplanted into a recipient mouse following six days of cell 

culture and regenerated AMKL. Also, a more significant proportion of cells concurrently 

expressed CD34 and CD117 at sacrifice. 
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Repopulating cells regenerating leukemia were present in a high frequency 

Hitherto, serial transplantation was achieved in different quantities since the 

frequency of repopulating cells capable of regenerating leukemia was unknown. 

Therefore, a limiting dilution assay (LDA) was done using splenic cells of the primary 

tumour I749AMKL (figure 8) to estimate the frequency of leukemia-initiating cells (LIC) able 

to reconstitute leukemia in recipient mice. The LDA consists in transplanting groups of 

sublethally irradiated mice with a range of tumour cell doses and determining the 

frequency of leukemic and non-leukemic mice in each group. An estimation of the LICs 

frequency can be calculated using computational software and assuming a Poisson 

distribution and a single-hit hypothesis. Ascending quantities of cells were injected into 

recipient mice, with the smallest being 2,5x102 and the biggest 1,0x106 cells. As a result, 

mice having received at least 1,0x105 cells totally ended up with leukemia, which was 

ascertained by flow cytometry upon signs of disease. The highest fraction without 

leukemia was 0,38 following an injection of 2,5x102 cells (figure 8A). Although the lowest 

quantity unable to generate leukemia was not achieved, the striking repopulating cell 

frequency of one in 3445 cells could be calculated using the ELDA software (101) with a 

95% confidence interval of 1/8511 to 1/1395 (CI) (figure 8B). The single-hit Poisson test 

was significant (p = 2.23e-07), while it was not the case with the heterogeneity test (p = 

1). Also, a regression slope of 0.204 was calculated. The significant survival curves 

showed that latency before leukemia was negatively correlated with the number of 

injected cells (figure 8C). This estimated frequency of repopulating cells, in sum, truly 

reflects the appalling aggressiveness observed with the tumour I749AMKL particularly. 
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Figure 8: Limiting dilution assay (LDA) determined the frequency of repopulating 

cells for a single primary tumour. A. The highest fraction without leukemia was 0,38 

with 2,5x102 injected cells. B. The repopulating cells frequency was estimated as being 

1/3445 cells. C. Significant survival curves showed an inverse correlation of latency with 

the number of injected cells. 
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Discussion 

The successful generation of human CBFA2T3-GLIS2 leukemia has been 

achieved by lentiviral transduction using CB HSPCs and transplantation in 

immunodeficient mice. The synthetic CBFA2T3-GLIS2 xenograft models presented 

myeloid/megakaryocytic features and self-renewal while recapitulating the human 

disease phenotypically and molecularly.  

According to the CGH analysis, the donor cord blood had a normal molecular 

karyotype. As proposed by researchers within the field, the requirement of a cooperative 

mutation appeared unnecessary to drive CBFA2T3-GLIS2 leukemia (56, 65). Also, 

another group successfully generated the in vitro model using the same experimental 

approach and observed malignancy in CBFA2T3-GLIS2-transduced cells (69). The odds 

of receiving a CB unit with predispositions to leukemia in two different experiments 

performed in separate research centres are low. Next-generation sequencing could be 

helpful nonetheless in the detection of a pre-existing alteration that might be present in 

CB HSPCs. 

The CBFA2T3-GLIS2 sequence was obtained from the M07e cell line and inserted 

into CB HSPCs by lentiviral transduction (figure 1). RT-PCR verified CBFA2T3-GLIS2 

transcription. Immunofluorescence imaging validated the oncoprotein translation and 

presence within the nucleus, thus presumably modifying the genomic landscape and 

expression patterns by creating altered transcriptional complexes. The lentivirus genus is 

part of the retrovirus family, wherein members were proven to affect the expression of 

adjacent genes (102) upon genome insertion in regions transcriptionally active (103, 104), 
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particularly in the presence of a strong promoter (105). The integration site was not 

investigated in this study, although there was a probability of insertional mutagenesis. 

However, it must have happened in each independently transduced pool of cells having 

generated leukemia and provided it affected a tumorigenic gene. Even though insertional 

mutagenesis occurred, the generated tumours are proper human models of CBFA2T3-

GLIS2 leukemia since they reflect the pediatric disease. 

HSPCs, transformed in the experiments by the overexpression of CBFA2T3-

GLIS2, are reputed to be difficult to culture with a span no longer than a few weeks (106). 

The in vitro proliferation capacity of CBFA2T3-GLIS2-transduced cells was extensively 

studied (figure 2). The proportion of GFP-positive cells was recurringly assessed by flow 

cytometry every seven days and led to the observation of a sudden steep increase for 

some CBFA2T3-GLIS2 wells from day 28. The proportion of GFP-positive cells in most 

wells that showed a rapid increase began nevertheless to reduce at day 77. Three wells 

were entirely composed of CBFA2T3-GLIS2-transduced cells and remained as such until 

the experiment was terminated at day 91. This period is similar to the 84 days reported 

by another group of researchers that introduced CBFA2T3-GLIS2 into human CB HSPCs 

by lentiviral transduction as well (69). The extensive proliferation observed in the 

transduced cells might sensibly be due to a gained proliferative advantage over the non-

transduced ones resulting from the fusion gene insertion. Correspondingly, transduced 

cells having not acquired any proliferative advantage might explain the lower proliferation 

rate seen in the CBFA2T3-GLIS2 wells without increases in GFP. As mentioned, HSPCs 

are heterogeneous regarding cell type and level of differentiation. Self-renewal and 

differentiation potentialities diminish through differentiation and are influenced by intrinsic 
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and external factors such as epigenetic modulations and environmental cytokines, 

respectively (107). Since the medium was identical, the sudden decrease in GFP seen in 

some CBFA2T3-GLIS2 wells is probably linked to intrinsic factors related to the level of 

differentiation of the transduced cells. Indeed, the molecular landscape evolves in 

accordance with differentiation (108). It is then necessary that the lentiviral construct 

enters the cell type entirely sensitive to the fusion gene effects to overly transform with a 

continuous and long-term self-renewal activity. Undoubtedly, defining the cell type from 

which leukemia originated in the present models would increase the generation rate in 

future experiments. 

In the end, it is possible that the cells inside the wells that reached 100% in GFP 

were immortal and could have been cultured for more than 91 days. Indeed, a more 

extended period of culture was observed with the synthetic NUP98-KDM5A AMKL model 

also generated in the laboratory (92). 

Immunophenotyping was achieved to detail the extensive proliferation seen in 

culture. A comparative analysis of data from day 28 and day 35 revealed a sudden 

increase in GFP as well as the appearance of CD56 accompanied by CD117Dim. It 

suggests that NCAM1 could serve as an early indicator of cancerous transformation as 

early as 28 days following transduction. 

In another experimental setting, a pool of CB HSPCs from four donors was 

transduced by either the empty vector or the fusion gene vector before being injected into 

immunodeficient mice the next day (figure 3). As a result, six mice out of ten developed 

leukemia, with half presenting AMKL while the others were deemed undetermined AML. 

The generation of CBFA2T3-GLIS2 AML in synthetic human models will enforce 
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awareness in clinics that this fusion gene can be encountered in patients presenting with 

AML. It will require physicians to add this fusion gene in the AML panel detection carried 

out by either RT-PCR or RNA sequencing in order to establish the correct diagnosis. Most 

CBFA2T3-GLIS2 AML patients were in adolescence and young adulthood at diagnosis in 

two different cohorts (66, 71), strengthening the hypothesis that age dictates the leukemia 

subtype due to changes in cell ontogeny (71). As previously stated, the genomic 

landscape of driver mutations in both AML and AMKL is age-specific (30, 53). 

Consequently, the same oncogene such as CBFA2T3-GLIS2 may exert different 

phenotypes through interactions with distinctive transcriptional complexes depending on 

the age. Nevertheless, further epidemiological data will be required to ascertain the 

average age at diagnosis for both presentations of CBFA2T3-GLIS2 leukemia. 

The median latency was 20,3 and 28,1 weeks for the AMKL and AML tumours, 

respectively (figure 3B). The inducible mouse model observed similar corresponding 

latencies of 23,4 and 35,9 weeks (71). There were up to 19 replicates in the latter study, 

suggesting that the latencies obtained might still be alike if more than ten replicates had 

been used in this experiment. More importantly, it bolsters the observation of a longer 

latency for CBFA2T3-GLIS2 AML.  

Splenomegaly resulting from nodular infiltration is a feature of pediatric AML (26). 

In this regard, a CFA2T3-GLIS2 AMKL mouse presented with an enlarged spleen of 

0,385g (figure 3B). The condition was not present in the other primary mice, even if blast 

cells were found within the organ. Another group observed the same phenomenon and 

had a single patient-derived xenograft model with splenomegaly (67). In order to 

understand the conditions for spleen infiltration, the gene expression profile of splenic 
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blast cells, which can also be found in a lower quantity in animals without splenomegaly, 

could be compared in a future study. Also, the comparison could include bone marrow 

blast cells. Indeed, spleen infiltration probably implies distinctive abilities attributed to cell 

evasion allowing blast cells to disseminate throughout the body from the bone marrow to 

cell homing to keep them at this specific organ. To this end, researchers studying multiple 

myeloma, a hematological neoplasm characterized by an expansion of plasma cells, 

compared the expression profiles of the tumour cells normally found inside the bone 

marrow with those circulating in peripheral blood. They found that the expression profile 

of the circulating tumour cells was similar to those residing within the bone marrow, except 

for a few genes involved in interferon and inflammatory response, hypoxia, cell cycle and 

migration (109). This finding suggests that circulating cells evolved from a clone within 

the bone marrow to form a novel clonal branch in peripheral blood. It would then not be 

surprising to see the same phenomenon in AML considering the concept of clonal 

evolution wherein the disease continuously evolves through the creation of new clones, 

each resulting from a novel genetic abnormality (110, 111). However, in the absence of 

evidence, there is a possibility that the blast cells found in the spleen do not transit by the 

bone marrow following injection but directly migrate to the spleen and engage in cell 

replication. A system allowing the in vivo tracking of cells such as bioluminescence 

imaging would provide answers regarding cell dissemination (112). This approach has 

already been used with immune cells and could easily be implemented in the near future.  

Flow cytometry analysis determined the proportion of blast cells within the bone 

marrow and the spleen, but the leukemic burden was not estimated in other organs of 

interest, such as the nervous system and liver. The level of infiltration varies considerably 
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among the mice with regard to the tissue (i.e., bone marrow or spleen), leukemia subtype 

and even within the latter (figure 3B). As a striking example, the I730AML presented without 

blast cells in the spleen, whereas the I749AMKL had a 98% infiltration. On the contrary, the 

spleen infiltrations of the Syngeneic female mice were used in this study, thereby reducing 

the possibility that the host environment appreciably influenced disease evolution 

because of interactions with human grafted cells. The range of infiltration in hematopoietic 

organs was wide, but leukemic invasion in non-hematopoietic organs will need to be 

investigated with luciferase-expressing xenograft models to quantify the total tumour 

burden better. 

 The megakaryocyte markers (CD41; CD61) and the stemness markers (CD34; 

CD117) were assessed in the blast cells population identified as hCD45+GFP+. Also, 

CD56 and CD71 provided further information on the surface expression landscape (figure 

3C). The difference in the expression level of megakaryocyte markers in both tissues is 

striking and unequivocally led to the classification of tumours into AMKL and 

undetermined AML. The shallow expression of CD41 and CD61 seen by flow cytometry 

for AML tumours could be due to artefactual adherence of platelets to blast cells or 

differential recycling of integrins (113). Accordingly, the proportion of megakaryocytic 

markers must be at least 30% not to be deemed spurious (114) and 50% for a tumour to 

be clearly classified as AMKL (47). CD34 was found in the I731AMKL and I749AMKL and to 

a lesser extent in the I750AML. The expression of CD34 in AMKL patients harbouring blast 

cells at an immature stage is putative (115). Blast cells of all tumours expressed CD71 

and CD117 on their surface. CD71 is usually expressed on the surface of erythroid 

progenitors and is encountered in AML and AMKL (116). CD56 was associated with 
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CBFA2T3-GLIS2 patients (82) and was broadly observed in the tumours but absent for 

one AML tumour. As shown, CD56 expression was more predominant in the I749AMKL that 

had splenomegaly, hence invoking the possible role of NCAM1 in cell dissemination. 

Functional studies silencing NCAM1 might reveal a correlation with spleen invasion. 

Cell morphology has long been used to classify AML despite the associated 

difficulties of identifying the proper lineage (117). Cytocentrifugation was performed with 

cells harvested from the bone marrow and the spleen, followed by a Giemsa staining 

(figure 3C). Blast cell morphology was evident in both tissues and subtypes, and cells of 

the AMKL immunophenotype had blebs on their surface. Cell blebs are a distinctive 

characteristic of megakaryocytes and were observed in CBFA2T3-GLIS2 AMKL patients 

(82). Blast cells in CBFA2T3-GLIS2-positive patients were reportedly pleomorphic, 

ranging from small cells having scanty cytoplasm and inconspicuous nucleoli to large cells 

with abundant cytoplasm and prominent nucleoli (82). This description matches the 

observations made for all tumours without consideration for leukemia classification. Also, 

there seem to be cells that resemble maturing erythroblasts, which are described as being 

smaller with condensed chromatin having a hyperchromatic “ink-dot” appearance (118). 

Even though suitable immunophenotyping for this lineage was not achieved, the 

concomitant existence of an erythroid component in AMKL is well established (119).  

Additional noteworthy features of this model are that the phenotype was consistent 

in recipient mice (figure 4), and the latency was reduced through passages (figure 4A). 

As a result, it demonstrated that leukemia self-renewed since the tumours could be 

serially transplanted and regenerate the disease. The latency was significantly different 

between the groups, although only some primary tumours were passed into tertiary 
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recipients, and the number of injected cells was 50 times higher for the secondary and 

tertiary recipients. An equal number of injected cells with equal recipients would have 

given an unbiased statistical analysis between the groups. In this regard, the comparison 

between the control and primary groups is the most accurate since an equal number of 

cells was injected. Nevertheless, as traditionally observed (120, 121), a latency that is 

negatively correlated with the number of passages is unquestionably visible in this 

experiment. Splenomegaly was present in all the recipient mice issued from the I749AMKL, 

with spleen weights significantly greater than the control, I732AMKL and I750AML groups 

(figure 4B). Flow cytometry revealed that the bone marrow was significantly more 

infiltrated than the spleen (figure 4C). Unsurprisingly, the descendants of the I749AMKL 

had spleen infiltrations significantly higher, nearing the 100% proportion in blast cells. 

Surface expression and cell morphology were indistinguishable from the primary mice 

(figure 4D), thereby indicating that observable heterogeneity of a primary tumour can be 

passed along to at least a tertiary recipient. 

The PCA and the hierarchical clustering analysis grouped the tumours according 

to the genetic subtype (figure 5-6). Therefore, tumour heterogeneity may be more subtle 

than a rough observation of cell morphology and surface expression. For instance, a 

clinical case reported blast cells without megakaryocytic markers following a first flow 

cytometry analysis. However, it turned out there was an intracytoplasmic expression of 

CD61 that was later on detected after cell permeabilization (122). Therefore, the 

classification of the tumours might be inappropriate because of an intracytoplasmic 

expression of megakaryocytic markers by very immature blast cells. Although available 

laboratory techniques allowing cell permeabilization could have been used to determine 
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the lineage commitment, RNA sequencing was preferred due to the possibility of 

efficiently obtaining a comprehensive view of the transcriptional profile (table I). Strikingly, 

the tumours of both designated classifications strongly expressed megakaryocytic 

markers, such as CD41 and CD61, when compared with normal CB HSPCs and two AML 

samples. Furthermore, the myeloid transcriptional landscape was substantially different 

from the one shown by the AML samples. Finally, it seems that the generated tumours 

share more similarities than thought, which go far beyond cell morphology and surface 

expression. It would thus be sensible to test for gene expression or intracytoplasmic 

protein expression, considering that post-translational modifications and protein 

trafficking may alter antigen presentation on the surface, especially with cancer. 

CGH/SNP was performed for several tumours at different passages to find genetic 

lesions that blast cells may be carrying out (table II). Although a del(11q) and a dup(1p) 

were discovered in two different tumours, the del(20q) found in the K444AML, a secondary 

of the I750AML, was the sole chromosomal abnormality to hold a clinical significance of 

diagnosis (100). Indeed, the del(20q) has been associated with secondary AML cases 

accounting for 8% of them (123). On the other hand, the del(11p) has been reported in 

pediatric AML with unknown significance, albeit being more frequent than the del(20q) 

(124). The third of CBFA2T3-GLIS2 cases present with a normal karyotype (70). A similar 

observation was made in this study, though there are few primary tumours. Overall, these 

chromosomal abnormalities may likely influence the course of leukemia and be simply 

undocumented. Manifestly, functional studies on such large genomic regions involving a 

myriad of genes were beyond the scope of this study. 
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Splenic blast cells of the K423AMKL, an I749AMKL secondary recipient, were cultured 

for six days then transplanted into immunodeficient mice, thus regenerating leukemia 

(figure 7). Despite a slightly lower proportion of cells expressing CD34 in culture, the 

mouse immunophenotype profile at sacrifice was reasonably similar. These results 

indicate that repopulating cells having stemness properties were either maintained or 

injected in a sufficient number before proliferating once more inside the recipient hosts.  

An LDA was carried out with splenic cells of the primary tumour I749AMKL to define the 

frequency of LICs (figure 8). It was found using the ELDA software (101) that one in 3445 

cells was able to regenerate leukemia (95% confidence interval of 1/8511 to 1/1395). The 

LDA is based on the single-hit Poisson model that posits that one LIC is sufficient to 

generate leukemia (125). The frequency might be underestimated in this experiment 

because a minimal cell dose was not obtain in which none of the mice would have 

developed leukemia. In order to obtain more informative results, lower cell doses should 

be tested, and the number of replicates should be increased to account for technical 

variability (126). An interesting way to study repopulating cells that could be conducted in 

conjunction with an LDA is through single-cell sorting using flow cytometry (127). Indeed, 

this less frequent population could be specifically studied once isolated. Altogether, the 

ability to cultivate synthetic blast cells regenerating leukemia is a milestone in CBFA2T3-

GLIS2 research and opens the door to functional studies or drug screens for which a 

period of culture is necessary (128). Furthermore, knowing the frequency of repopulating 

cells facilitates targeting these critical cells ascribed to cancer relapse and resistance. 

(129). 
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Conclusion 

This study reports the successful generation of a human CBFA2T3-GLIS2 AML 

model in immunodeficient mice, phenocopying the basic clinical features. It was achieved 

by overexpression of the fusion gene inserted into the genome of human CB HSPCs by 

lentiviral transduction. Although the gene expression profile suggested a homogeneous 

disease reflecting the AMKL subtype, only half the tumours presented the associated 

surface markers. The immunophenotype revealed the expression of CD56, and in vitro 

evidence suggests a possible correlation with extensive cell proliferation. Leukemia could 

be serially transplanted into tertiary recipient mice without conspicuously altering blast 

cells, as evidenced by cell morphology, flow cytometry and CGH/SNP. More importantly, 

the CBFA2T3-GLIS2-transduced cells could be cultured for six days and regenerated 

leukemia when transplanted into recipient hosts. Because of the paucity of patient 

samples, this achievement paves the way to large-scale functional studies requiring a 

period of culture such as drug screens. Any discovery involving a therapeutic agent would 

undoubtedly be a breakthrough considering the dreadful prognosis associated with this 

fusion gene. Indeed, the LDA performed in this study points towards an aggressive 

disease harbouring a high frequency of repopulating cells. Overall, it is demonstrated for 

the first time that overexpression of CBFA2T3-GLIS2 in human CB HSPCs leads to 

aggressive de novo megakaryocytic leukemia in immunodeficient mice, recapitulating the 

human disease. This outcome is likely promoted by favourable differentiation levels of the 

precursor cells and culture conditions. 
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Supplementary data 

Cell counts of blast cells in culture for six days regenerating leukemia 

 

Supplementary table I: Cell counts of splenic cells harvested from the tumour 

K423AMKL. The mean cell count was calculated at each time point together with the extent 

of the increase. The number of cells was ten times higher after six days of culture. 

Well Day 1 Day 3 Day 6
1 287,500 1,137,500 2,664,500
2 287,500 1,062,500 2,963,800
3 287,500 1,112,500 2,503,400
4 287,500 1,095,000 2,788,600
5 287,500 1,080,000 3,073,300
6 287,500 1,297,500 3,533,200

Mean 287,500 1,130,833 2,921,133
Fold - 3.93 10.16

Cell count


