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Abstract 

c-MYC and N-MYC are critical regulators of hematopoietic stem cell activity. While the role of 

c-MYC deregulation is studied in detail in hematological malignancies, the importance of N-MYC 

deregulation in leukemogenesis remains elusive. Here we demonstrate that N-MYC is 

overexpressed in acute myeloid leukemia (AML) cells with chromosome inversion inv(16) and 

crucial to the survival and maintenance of inv(16) leukemia. We identified a novel MYCN 

enhancer, active in multiple AML subtypes, essential for MYCN mRNA levels and survival in 

inv(16) AML cells. We also identified eukaryotic translation initiation factor 4 gamma 1 (eIF4G1) 

as a key N-MYC target that sustains leukemic survival in inv(16) AML cells. Ours is the first 

report to demonstrate the oncogenic role of eIF4G1 in AML. Our results reveal a mechanism 

whereby N-MYC drives a leukemic transcriptional program and provide a rationale for the 

therapeutic targeting of the N-MYC/eIF4G1 axis in myeloid leukemia. 
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Introduction 

The core binding factor (CBF) is a heterodimeric transcription factor complex composed of DNA-

binding RUNX proteins (encoded by one of three genes -RUNX1, RUNX2, and RUNX3) and the 

non-DNA-binding CBFβ protein. RUNX1 and CBFβ play essential roles in an overlapping and 

differentiation stage-specific manner in embryonic and adult hematopoiesis.1,2 The 

inv(16)(p13q22) result in the formation of a chimeric gene consisting of the 5’ portions of CBFB 

fused to the 3’ portion of the smooth muscle myosin heavy chain gene, MYH11, which encodes 

CBFβ–SMMHC fusion protein. Inv(16) is reported in 5-8 % of AML patients. CBFβ–SMMHC 

has a higher affinity for RUNX1 than the native CBFβ 3,4. CBFβ–SMMHC expressing embryos 

die at mid-gestation due to block in definitive hematopoiesis 5, which is very similar to the 

phenotype from Runx1 and Cbfb knockout embryos, 1,2, suggesting CBFβ–SMMHC fusion protein 

is a dominant repressor of RUNX1. Studies using conditional knock-in mouse models 

demonstrated that CBFβ–SMMHC deregulates hematopoietic stem cell (HSC) differentiation in 

adult hematopoiesis by expanding short-term HSCs and myeloid progenitor cells. 6-8 These 

aberrant myeloid progenitors with pre-leukemic potential upon acquisition of secondary 

cooperating mutations induce AML.  9-11 Recent attempts to inhibit protein-protein interaction 

between RUNX1 and CBFβ–SMMHC via small molecule inhibitor AI-10-49 demonstrated 

promising results in selectively inducing apoptosis in primary human inv(16) AML cells and a 

genetic mouse model for inv(16). 12,13 Further, we demonstrated that AI-10-49 induced cell death 

is partly mediated by repression of c-MYC expression in inv(16) AML cells. 14 

 

The MYC family genes include three closely related genes MYC (encoding c-MYC), MYCN 

(encoding N-MYC), and MYCL (encoding L-MYC). 15 While c-MYC function is widely 
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investigated in hematological malignancies, the function of other MYC family members in inv(16) 

AML, and AML in general, remains poorly understood. Here we demonstrate that AI-10-49 

treatment in inv(16) AML cells downregulated MYCN transcript levels. Utilizing primary human 

inv(16) AML cells and patient-derived xenograft (PDX) model, we demonstrate that N-MYC is 

required for the maintenance of inv(16) AML survival.  Furthermore, by comparing N-MYC 

transcriptional targets with gene expression changes in human inv(16) AML, we identified 

eukaryotic translation initiation factor 4 gamma 1 (eIF4G1) as a key N-MYC target in leukemic 

survival. Collectively, our results illustrate that the oncogenic N-MYC/eIF4G1 axis is instrumental 

in inv(16) AML leukemogenesis. 

 

Results 

MYCN is upregulated in inv(16) AML  

AI-10-49 treatment results in transcriptional changes, including c-MYC repression, and triggers 

apoptosis in inv(16) AML cells. 14 To understand the potential role of other MYC family members, 

we re-analyzed previous RNA-seq data. 14 We found that MYCN transcript is downregulated with 

AI-10-49 treatment in inv(16) AML cell line ME-1 (Figure 1A-B and Supplemental Figure 1A). 

MYCL transcript is not expressed in ME-1 cells (data not shown). Similar to the repression of 

MYCN at transcript levels, we also observed the downregulation of N-MYC protein levels with 

AI-10-49 in inv(16) AML cells (Figure 1C and Supplemental Figure 1B). Downregulation of 

MYCN expression by AI-10-49 suggested that MYCN overexpression could be a critical step in 

inv(16) leukemogenesis. To test this, we analyzed MYCN transcript levels in human AML patient 

samples. Our data demonstrated that MYCN  transcript levels were upregulated in primary inv(16) 

AML patient samples compared to healthy control samples (Figure 1D-E). Bromodomain 
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inhibitors have been reported to repress MYC and MYCN in cancer cells. 16,17 We have previously 

shown that bromodomain inhibitor JQ1 downregulates MYC transcript and synergizes with AI-

10-49 in inducing apoptosis in inv(16) leukemic cells. We found that JQ1 treatment in inv(16) 

AML cells induces repression of MYCN transcription (Supplemental Figure 1C). This suggests 

that in addition to c-MYC, N-MYC may have important roles in apoptosis induction by JQ1 in 

inv(16) AML cells in the previous study. 14 

 

N-MYC is required for inv(16) AML cell survival 

To understand the functional role of N-MYC in inv(16) AML cells, we assessed whether the 

deletion of MYCN affects the survival of inv(16) AML cells. We applied CRISPR/Cas9 

technology using a ribonucleoprotein (RNP) complex approach to delete MYCN in inv(16) AML 

cells. ME-1 cells transfected with Cas9 protein and three MYCN chemically modified guide RNAs 

(CM-gRNAs) produced efficient deletion of MYCN genomic regions (Figure 2A and 

Supplemental Figure 2A-B), resulting in a 95% reduction in N-MYC protein levels (Figure 2B). 

MYCN deletion in ME-1 cells significantly reduced cell viability due to apoptosis (Figure 2C). 

The onset of apoptosis was accompanied by cleavage of caspase 3 and poly ADP ribose 

polymerase (PARP) proteins in ME-1 cells (Figure 2D). Granulocyte differentiation markers such 

as CD11B, CD15, neutrophil elastase, and CSF1-R were not significantly changed during MYCN 

deletion (Supplemental Figure 2C-F), suggesting MYCN deletion induces apoptosis and not 

granulocytic differentiation in inv(16) AML cells. Taken together, these results indicate that 

inv(16) AML cells depend on N-MYC levels for survival. 
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N-MYC silencing effectively reduces AML burden and extends survival in the NSGS 

xenograft model 

To further evaluate the role of N-MYC in inv(16) AML cell survival, we conducted MYCN 

genomic editing in primary human inv(16) AML cells. T cell-depleted primary inv(16) AML cells 

were transfected with Cas9 protein and three MYCN CM-gRNAs (Figure 3A), resulting in a 90% 

reduction in N-MYC protein levels (Figure 3B). MYCN deletion significantly reduced the 

clonogenic potential of primary inv(16) AML cells, as reflected by a marked decrease in colony 

number (Figure 3C). The requirement of N-MYC in inv(16) leukemia in vivo was tested by 

transplanting the edited leukemic cells into irradiated (280 cGy) NSGS [NOD/SCID-IL2RG–

SGM3] mice 18,19 via tail vein injection. Engraftment efficiency of control and MYCN edited 

leukemic cells in the bone marrow five days after transplantation was similar between groups 

(Supplemental Figure 3A-B). AML burden estimated by the frequency of hCD45+ hCD33+ 

AML stem/progenitor cells was significantly reduced in the bone marrow and peripheral blood of 

mice transplanted with MYCN deleted inv(16) AML cells compared to control mice (Figure 3D-

F), suggesting that N-MYC is required for the maintenance of inv(16) leukemic cells. In addition, 

the median leukemic latency in mice transplanted with MYCN deleted inv(16) AML cells was 

significantly extended from 70 days (control group) to 123 days (MYCN deleted group; p <0.005) 

(Figure 3G). Collectively, these results demonstrate that N-MYC is crucial for the survival and 

maintenance of inv(16) leukemia. 

 

RUNX1 binds to an MYCN distal enhancer transcriptionally active in inv(16) AML cells 

Distal enhancers regulate target gene transcription through chromatin loops that link enhancers 

with target gene promoters. 20 We have previously shown that AI-10-49 induces genome-wide 
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RUNX1 occupancy in inv(16) AML cells. 14 Importantly, we have demonstrated that RUNX1 

binding at MYC distal enhancers plays a critical role in c-MYC expression and survival in inv(16) 

AML cells. 14 We hypothesized that AI-10-49 mediated MYCN repression is due to direct RUNX1 

binding at MYCN cis-regulatory elements, such as enhancers.  To understand RUNX1 regulation 

of MYCN, we analyzed RUNX1 DNA binding profile and chromatin accessibility at the MYCN 

locus, previously reported in ME-1 cells. 14 Analysis of RUNX1 ChIP-seq peaks in AI-10-49 

treated cells identified a genomic element located 26 kb downstream of MYCN transcription start 

site (TSS), named RDME (RUNX1-Dependent MYCN Enhancer) with increased RUNX1 binding 

(Figure 4A). Analysis of the genomic sequence of RDME identified a consensus RUNX binding 

site (TGYGGT). Previous studies have identified multiple enhancer elements (e1- e5) within 1.5 

Mb downstream of MYCN TSS regulating MYCN expression in brain tumor cells. 21 Enhancer 

element e2 (MYCN-e2) contains a consensus RUNX binding site. We did not find any RUNX1 

binding at MYCN-e2 with AI-10-49 treatment in inv(16) AML cells (Figure 4A), suggesting it is 

irrelevant in hematopoietic cells. Enhanced RUNX1 binding at RDME, but not at MYCN-e2 and 

the MYCN promoter, was validated by conducting ChIP-qPCR in ME-1 cells (Figure 4B) and 

primary human inv(16) AML cells (Figure 4C). H3K27ac, a histone mark representing 

transcriptionally active regions, was enriched at RDME and MYCN promoter (PR) and 

significantly reduced with AI-10-49 (Figure 4A, D), suggesting RUNX1 binding at RDME is 

resulting in transcriptional repression.  Analysis of chromatin accessibility by ATAC-seq 

demonstrated that RDME is a highly accessible chromatin element (Figure 4A). Based on the 

ATCA-seq and H3K27ac ChIP-seq, MYCN-e2 is transcriptionally inactive in inv(16) AML cells. 

H3 Lys 4 mono-methylation (H3K4me1) histone mark, which represents active enhancers, is 

enriched at RDME, suggesting RDME functions as a bonafide enhancer (Figure 4E). 
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To further understand the role of RDME in inv(16) AML, we analyzed DNase I hypersensitive 

sites (DHSs) analysis by DNase I-seq, previously reported in primary AML cells. 22 We found 

RDME is a highly chromatin-accessible region in primary inv(16) AML cells compared to 

peripheral blood CD34+ cells from healthy individuals (Figure 4A).  Furthermore, in addition to 

inv(16) AML, RDME acts as a chromatin-accessible region in multiple AML subtypes such as 

t(8:21), bi-allelic CEBPA mutant, and RUNX1 mutant AMLs (Supplemental Figure 4). Thus, in 

addition to inv(16) AML, RDME may have an essential role in regulating MYCN expression in 

AML.  Taken together, these data suggest RDME acts as an oncogenic enhancer in regulating 

MYCN expression in specific subtypes of AML, including inv(16). Furthermore, a recent study 

identified an enhancer element located 650 kb downstream of MYCN TSS is active in specific 

AML subtypes, 23 suggesting distinct MYCN enhancers regulate MYCN expression in AML 

subtype-specific manner.  Overall, these results highlight the importance of long-range 

transcriptional regulation of MYCN in AML. 

 

RDME is required for MYCN transcription and cell survival  

To investigate the functional role of RDME in inv(16) AML cells, we asked whether deletion of 

RDME by CRISPR/Cas9 approach can affect MYCN expression. ME-1 cells were transfected with 

plasmids expressing Cas9 and two gRNAs for RDME and MYCN-e2 to produce deletions 

surrounding the RUNX1 binding site in these regions. Our data shows efficient deletion of RDME  

and MYCN-e2 in ME-1 cells (Supplemental Figure 5A-F). RDME deletion resulted in a 60% 

reduction in MYCN transcript levels (Figure 5A-B) and a 50% reduction in cell viability due to 

apoptosis (Figure 5C). RDME deleted ME-1 cells displayed an increase in the cleaved caspase-3 

and cleaved PARP proteins, confirming RDME deletion induced apoptosis in ME-1 cells (Figure 
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5D). Meanwhile, the deletion of MYCN-e2 did not affect MYCN transcript levels or cell viability 

in ME-1 cells (Figure 5B-D). Collectively, our data suggest that RDME functions as an oncogenic 

enhancer to regulate MYCN expression and the viability of inv(16) AML cells. 

 

EIF4G1 is a key N-MYC target in inv(16) AML 

To identify how N-MYC regulates survival in inv(16) AML cells, we performed CUT&Tag 

sequencing in ME-1 cells using N-MYC and H3K27ac antibodies (Figure 6A). Global comparison 

of N-MYC CUT&Tag-seq data with H3K27ac CUT&Tag-seq data yielded a strong correlation of 

N-MYC peak intensity with  H3K27ac marks (Figure 6B). N-MYC transcriptional targets 

identified by N-MYC binding and H3K27ac peaks were used to perform gene ontology (GO) 

analysis. This analysis revealed that N-MYC binding is associated with several pathways, 

including mRNA metabolism, mRNA splicing, nuclear transport, and chromatin modification 

(Figure 6C). Comparison of N-MYC targets identified by CUT&Tag-seq with previously 

identified CBFβ-SMMHC transcriptional targets 14 and transcripts significantly deregulated in 

primary human inv(16) AML samples identified Eukaryotic Translation Initiation Factor 4 Gamma 

1 (EIF4G1) and Kruppel Like Factor 1 (KLF1) as potential N-MYC transcriptional targets in 

inv(16) AML (Figure 6D). Of these, only EIF4G1 transcripts were upregulated in primary human 

inv(16) AML samples and downregulated with AI-10-49 treatment. EIF4G1 was one of the 

regulators of mRNA metabolic process signature genes identified (Figure 6C). N-MYC binds to 

the EIF4G1 promoter and is associated with a transcriptionally active H3K27ac histone mark 

(Figure 6E). We validated N-MYC binding at EIF4G1 by conducting ChIP-qPCR (Figure 6F). 

DNase I hypersensitive site analysis 22 revealed that the EIF4G1 promoter is a highly accessible 

chromatin region in primary inv(16) AML cells compared to peripheral blood CD34+ cells from 
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healthy individuals (Figure 6E). EIF4G1 transcript levels were upregulated in primary inv(16) 

AML patient samples (Figure 6G-H). We observed downregulation of eIF4G1 at mRNA and 

protein levels with AI-10-49 in inv(16) AML cells (Supplemental Figure 6). Genomic deletion 

of MYCN in ME-1 cells by CRISPR/Cas9 RNPs resulted in a marked reduction of eIF4G1 protein 

levels (Figure 6I). Taken together, EIF4G1 is a key N-MYC target with potential roles in leukemic 

cell survival in inv(16) AML. 

 

c-MYC and N-MYC control their expression by repressing each other at promoter sites, thereby 

acting in autoregulatory feedback loops in neuroblastoma cells  24,25 Deletion of N-Myc in steady 

state hematopoiesis does not affect c-Myc expression. 26 To address the interplay between N-MYC 

and c-MYC in inv(16) AML cells, we asked whether N-MYC regulates c-MYC expression. Our 

data suggest that N-MYC binds to MYC promoter transcriptionally active in primary human 

inv(16) AML cells. (Supplemental Figure 7A, B). Genomic deletion of MYCN in ME-1 cells by 

the CRISPR/Cas9 approach resulted in a marked reduction of MYC transcript levels 

(Supplemental Figure 7C). Taken together, N-MYC positively regulates MYC expression in 

inv(16) AML cells. 

 

eIF4G1 is required for inv(16) AML maintenance  

Since N-MYC plays an essential role in inv(16) leukemia maintenance and EIF4G1 is a major 

target of N-MYC, we reasoned that eIF4G1 would be instrumental in regulating inv(16) AML 

survival. To test this, we applied CRISPR/Cas9 technology using RNPs to delete EIF4G1 in 

inv(16) AML cells. ME-1 cells transfected with Cas9 protein and three EIF4G1 CM-gRNAs 

produced efficient deletion of EIF4G1 genomic regions (Supplemental Figure 7A-C), resulting 
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in a 95% reduction in eIF4G1 protein levels (Figure 7A). EIF4G1 deletion in ME-1 cells 

significantly lowered cell viability due to apoptosis (Figure 7B). The onset of apoptosis was 

accompanied by the cleavage of caspase 3 and cleaved PARP proteins in ME-1 cells (Figure 7C). 

To further assess the role of eIF4G1 in inv(16) AML cell survival, we conducted EIF4G1 genomic 

editing in primary human inv(16) AML cells, as described in Figure 3A. T cell-depleted primary 

inv(16) AML cells were transfected with Cas9 protein and three EIF4G1 gRNAs resulting in an 

85% reduction in eIF4G1 protein levels (Figure 7D). EIF4G1 deletion significantly reduced the 

clonogenic potential of primary inv(16) AML cells, as reflected by a marked decrease in colony 

number (Figure 7E). The requirement of eIF4G1 in inv(16) leukemia in vivo was tested by 

transplanting the edited leukemic cells into irradiated (280 cGy) NSGS mice via tail vein injection. 

Engraftment efficiency of control and EIF4G1 edited leukemic cells in the bone marrow five days 

after transplantation was similar between groups (Supplemental Figure 7D). AML burden 

estimated by the frequency of hCD45+ hCD33+ AML stem/progenitor cells was significantly 

reduced in the bone marrow and peripheral blood of mice transplanted with EIF4G1 edited AML 

cells compared to control mice (Figure 7F-H), suggesting that eIF4G1 is required for the 

maintenance of inv(16) leukemic cells. In addition, the median leukemic latency in mice 

transplanted with EIF4G1 deleted AML cells was significantly extended from 72 days (control 

group) to 108 days (EIF4G1 deleted group; p <0.05) (Figure 7I). Collectively, these results 

demonstrate that EIF4G1 is a critical N-MYC target instrumental in inv(16) AML maintenance. 

 

Discussion 

Both c-Myc and N-Myc are essential for normal development, as shown by embryonic lethality at 

mid-gestation due to the lack of either gene in mouse models. 27  N-Myc is vital for fetal HSC 
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proliferation. 28   Deletion of c-Myc in adult mouse hematopoiesis results in the accumulation of 

HSCs that are defective in further differentiation. 29,30  Meanwhile, deletion of N-Myc in adult 

mouse hematopoiesis did not display any phenotype. 26 Combined deletion of both c-Myc and N-

Myc in adult mice results in pancytopenia and rapid lethality, demonstrating that both c-Myc and 

N-Myc are required for HSC proliferation, self-renewal, and survival. 26 Thus, c-Myc and N-Myc 

proteins have redundant functions in normal hematopoiesis. The oncogenic role of c-MYC is well 

established in AML. 14,31,32 While the requirement of c-MYC and the pathways orchestrated by c-

MYC are widely investigated in hematological malignancies, the role of N-MYC in leukemia 

remains largely unexplored.  

 

In this study, utilizing primary human inv(16) AML samples and a patient-derived xenograft 

model for inv(16) AML, we revealed a previously unidentified role of N-MYC in leukemogenesis. 

The oncogenic function of N-MYC has been widely studied in neuroblastoma, and emerging 

studies show its involvement in prostate cancer, pancreatic cancer, and retinoblastoma. 33 MYCN 

amplification is reported in AML and lymphoma. 34,35 N-MYC overexpression is reported in 

pediatric AML, erythroleukemia, and Burkitt lymphoma. 36-38 Overexpression of Mycn in mouse 

bone marrow cells results in enhanced proliferation and self-renewal of myeloid progenitors 

resulting in AML development. 39 T-cell progenitor-specific N-Myc overexpression in mice 

induces peripheral T-cell lymphoma (PTCL). 40 Here, we demonstrate that CBFβ–SMMHC 

oncogene in inv(16) AML cells modulates N-MYC transcript levels, and N-MYC is a critical 

regulator of inv(16) AML cell survival. 
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Both c-Myc and N-Myc are expressed in HSCs. 26,41 No compensatory upregulation of c-Myc is 

observed upon loss of N-Myc, suggesting that when N-Myc is deleted, the unchanged c-Myc 

transcript levels can provide HSC survival and proliferation. 26 Having shown that c-MYC is 

required for inv(16) AML cell survival, 14 how can we explain the loss of N-MYC regulating 

survival of inv(16) AML cells? Multiple explanations can be made to describe the oncogenic 

dependency of N-MYC in inv(16) AML cells. c-MYC and N-MYC can regulate their expression 

via autoregulatory feedback loops in neuroblastoma cells. 24,25,42 We observed that N-MYC binds 

to the c-MYC promoter in inv(16) AML cells and is associated with MYC transcription 

(Supplemental Figure 7), suggesting N-MYC may have essential roles in c-MYC regulated 

inv(16) AML cell survival reported before. 14 Thus, even though N-MYC does not regulate c-

MYC expression in normal HSCs, N-MYC positively regulates c-MYC expression in AML cells, 

identifying fundamental differences in the interplay between c-MYC and N-MYC in normal and 

leukemic hematopoiesis. Secondly, even though the N-Myc protein functions very similarly to c-

Myc, 43 there are significant differences in the expression pattern of c-Myc and N-Myc proteins in 

mouse hematopoietic compartments. The expression of c-Myc and N-Myc proteins in HSC is 

mutually exclusive. 41 While N-Myc is expressed at high levels in self-renewing and quiescent 

HSCs, c-Myc is expressed in multiple progenitor compartments. In addition, N-Myc 

overexpression can reprogram mature blood cells to HSCs. Thus, the unique expression pattern of 

c-Myc and N-Myc could have distinct roles in AML cell survival. Thirdly, c-Myc and N-Myc 

proteins may have different binding partners, thereby exerting distinct transcriptional programs in 

AML cells. c-Myc and N-Myc proteins differ in MIZ1 binding and have distinct functions in 

medulloblastoma. 44 c-Myc and N-Myc protein-protein interactions in AML cells remain largely 

unknown. Thus, N-MYC and c-MYC may have overlapping and distinct transcriptional targets in 
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AML. Further studies addressing how N-MYC functions differently from c-MYC in AML 

initiation and maintenance warrant novel insights. 

 

We identified EIF4G1 as a key N-MYC target regulating inv(16) AML cell survival. eIF4G1 plays 

a vital role in translation initiation by acting as an adapter that enhances the assembly of the eIF4F 

complex by recruiting eIF4E and eIF4A. Cancer cells are highly dependent on increased eIF4F 

activity compared to normal cells. 45,46 eIF4E is overexpressed and known to have oncogenic 

potential in M4 and M5 subtypes of AML. 47-49 eIF4A is overexpressed in AML, and its inhibition 

can induce anti-leukemic effects in FLT3-ITD AML. 50 eIF4G1 expression is highly activated in 

breast, prostate, and squamous cell lung cancers and is associated with metastatic progression and 

inferior survival. 51-53 Neuroblastoma patients with MYCN amplification present elevated eIF4G1 

transcript levels and are associated with significantly lower survival. 54  To our knowledge, this is 

the first report to show the oncogenic role of eIF4G1 in AML. While previous studies have 

implicated that eIF4G1 acts as an oncogene by exerting its role in translation initiation, we found 

that eIF4G1 plays a role in mRNA metabolism in inv(16) AML cells. eIF4G1 plays a major role 

in mRNA metabolism by degradation of specific nuclear mRNAs. 55 New evidence suggests that 

altered mRNA metabolism plays a pivotal role in leukemia. 56,57 Although gene expression 

profiling in inv(16) AML has been associated with alterations in mRNA metabolism, 58 a 

mechanistic explanation for deregulation in mRNA metabolism in inv(16) leukemogenesis 

remains unknown. Further experiments will be required to identify the specific role of eIF4G1 in 

mRNA metabolism and AML cell survival. 
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Our results on the oncogenic role of the N-MYC/ eIF4G1 axis provide key insights for developing 

better therapeutic strategies for patients with inv(16) AML. The development of bromodomain 

inhibitors has gained wide attention in indirectly inhibiting c-MYC and N-MYC in cancer. 16,17  

However, recent clinical trials revealed that most of these inhibitors had limited clinical utility due 

to unexpected toxicities. 59 So, a promising alternative is to target c-MYC and N-MYC 

downstream pathways in AML. Since c-MYC and N-MYC play a major role in normal 

hematopoiesis, targeting pathways activated by c-MYC and N-MYC in AML cells will have major 

therapeutic benefits. The recent development of SBI-756, an eIF4G1 small molecule inhibitor, has 

demonstrated promising efficacy in multiple cancer types, including melanoma and B-acute 

lymphocytic leukemia. 60,61 Future studies using combinations of AI-10-49 with SBI-756 should 

lead to greater therapeutic responses for inv(16) AML. 

 

In conclusion, we have discovered N-MYC as a major leukemic driver in inv(16) AML. 

Furthermore, we also identified eIF4G1 as a key N-MYC transcriptional target in AML survival, 

providing novel insights on developing improved treatment avenues for patients with inv(16) 

AML.  

 

Methods 

Mice 

All animal experiments were performed in accordance with a protocol reviewed and approved by 

the Medical College of Wisconsin Institutional Animal Care and Use Committee. NSGS 

[NOD/SCID-IL2RG–SGM3] mice have been previously described18,19 and maintained at the 

Medical College of Wisconsin animal facility. 
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Cell Line and Primary Hematopoietic Cell Cultures 

Human inv(16) AML ME-1 cells were cultured in RPMI 1640 with 20% fetal bovine serum, 25 

mM HEPES, 100 U/mL Penicillin, 100 μg/mL Streptomycin and 1 μl/mL Plasmocin. Human cord 

blood samples were collected from the Medical College of Wisconsin Tissue bank, and CD34+ 

cells were isolated using the CD34 Microbead kit (Miltenyi Biotec, #130-046-702). The use of the 

cord blood samples for research purposes was approved by the Ethics Committee of the Medical 

College of Wisconsin. Human AML samples were received from AML banks by Martin Carroll 

(University of Pennsylvania) and Carsten Mueller Tidow (University Hospital, Heidelberg, 

Germany). Hematopoietic CD34+ cells were isolated from human AML bone marrow samples 

using the CD34 Microbead kit. All patients gave written consent for the use of their samples. 

Personal information from AML and cord blood samples was unavailable as the samples were 

anonymized. Human cord blood CD34+ cells, as well as human primary leukemic cells, were 

cultured in StemSpan SFEM II (STEMCELL Technologies, #09605), 100 U/mL Penicillin and 

100 μg/mL Streptomycin supplemented with 10 ng/mL human recombinant TPO, 10 ng/mL 

human recombinant FLT3L (10 ng/mL), 100 ng/mL human recombinant SCF, 10 ng/mL human 

recombinant IL3, and 20 ng/mL human recombinant IL-6. Cell cultures were routinely tested for 

mycoplasma contamination using Universal Mycoplasma Detection Kit (ATCC, #30-1012K) and 

PlasmoTest Mycoplasma Detection Kit (Invivogen, #rep-pt1). 

 

Small molecule inhibitors and cytokines 

AI-10-49 and JQ1 were purchased from ApexBio. All cytokines were purchased from Peprotech. 
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CRISPR/Cas9 genomic editing of MYCN enhancers 

The sgRNAs specific for 5’ to the region of interest were cloned in pLentiCRISPRv2 (Addgene, 

#52961). sgRNAs corresponding to 3’ to the region of interest was cloned in pDecko-mCherry 

(Addgene, #78534). The puromycin resistance cassette in pLentiCRISPRv2 was replaced by a 

GFP gene using standard cloning techniques. Oligonucleotide sequences are listed in Table S1. 

2x10E6 ME-1 cells were nucleofected with CRISPR/Cas9 plasmids (2 μg each) using 

Nucleofector Technology (Lonza Biologics) with the program X-01 and Amaxa Cell Line 

Nucleofector Kit V. Samples were sorted by flow cytometry 24 hr later. Cells were cultured 

overnight, and dead cells were eliminated by dead cell removal kit (Miltenyi Biotec, #130-090-

101). 

 

CRISPR/Cas9 genomic editing of MYCN and EIF4G1  

Gene editing experiments in primary human inv(16) AML CD34+ cells were conducted using the 

ribonucleoprotein (RNP) complex. Gene Knockout Kit v2 (Synthego) consisting of three 

chemically modified Guide RNAs (CM-sgRNAs) was used to target MYCN and EIF4G1 in ME-1 

cells and primary human AML CD34+ cells. Negative Control Scrambled sgRNA and SpCas9 

protein were purchased from Synthego. To assemble the RNP complex, sgRNAs were combined 

with Cas9 protein and incubated for 10 minutes at room temperature (RT).  

 

Primary human inv(16) AML CD34+ cells were T-cell depleted using CD3 Microbeads (Miltenyi 

Biotec, #130-050-101) and nucleofected with the RNP complex, composed of 100 pmols of  Cas9 

and 300 pmols of  CM-sgRNA, using the P3 Primary Cell 4D-Nucleofector X Kit for Amaxa 4-D 

device (Lonza, #V4XP-3032). 2x10E5 cells per condition were nucleofected in separated strip 
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wells using program EO-100. Cell viability was assessed by flow cytometry 24 hours post- 

nucleofection and gene editing efficacy was evaluated 72 hours post-nucleofection by Inference 

of CRISPR editing (ICE) and western blot analysis. 

 

CRISPR/Cas9-induced gene editing analysis by Inference of CRISPR Editing (ICE) 

Genomic DNA was isolated from edited cells 24 hours after nucleofection. The edited region was 

PCR amplified, and the PCR product was sequenced by the Sanger method. The chromatograms 

were analyzed by ICE (https://ice.synthego.com). The percentage of editing was calculated 

according to the frameshift produced in the edited chromatogram compared to the control 

sequence. Primers used in these PCRs are listed in Table S1. 

 

Colony Forming Unit Assay 

Twenty-four hours after nucleofection of AML inv(16) CD34+ cells with the RNP complex,  cells 

were resuspended in MethoCult Express (STEMCELL Technologies, #04437), plated at 3,000- 

5,000 cells/mL on a 12-well plate and cultured for 12 days to form colonies. 

 

Transplantation of Gene-edited AML cells in NSGS mice 

Twenty-four hours after nucleofection of AML inv(16) CD34+ cells with the RNP complex,  

1x10E6 cells were transplanted into sub-lethally (280 rads) irradiated six to eight-week-old 

immunodeficient NSGS mice (n = 5 per group) by tail vein injection. Successful engraftment of 

edited AML cells was evaluated by flow cytometry of bone marrow aspirates five days later. The 

leukemic burden was analyzed by flow cytometry of peripheral blood and bone marrow aspirates 
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five weeks later. Mice were sacrificed after visible characteristics of AML, including reduced 

motility and grooming activity, hunched back, and pale paws (anemia).  

 

Flow Cytometry 

For flow cytometry, cells were washed twice with 1% BSA in PBS, stained for 20-30 min at 4C 

in the dark, and analyzed with a BD LSRII flow cytometer.  

Flow cytometry analysis was performed using FlowJo Software. The following antibodies were 

used: Human CD33 Monoclonal Antibody (eBioscience, # 12-0338-42), Human CD45 

Monoclonal Antibody (BD Biosciences, #555485), CD11b Monoclonal Antibody (BD 

Biosciences, #555388), and CD15 Monoclonal Antibody (BD Biosciences, # 555401). 

 

Annexin V Assay 

For testing the role of MYCN and eIF4G1 silencing in inv(16) cell survival, ME-1 cells were 

transfected with control / MYCN/ EIF4G1 CM-sgRNAs and assessed live cells (7AAD- Annexin 

V-) by Annexin V assay. Annexin assay was conducted 14 days after nucleofection. For testing 

the role of MYCN enhancer deletion in inv(16) AML cell survival, ME-1 cells were transfected 

with empty vector/Cas9 (Ctr.) or MYCN enhancer sgRNA/Cas9 constructs, sorted cells 24 hr later 

and assessed live cells (7AAD- Annexin V-) by Annexin V assay 14 days later. For the detection 

of apoptotic cell death, the Annexin V Apoptosis Detection Kit I (BD Bioscience, #559763) was 

used as per the manufacturer’s instructions. Briefly, cells were centrifuged at 2000 rpm for 10 min, 

resuspended in 100 μl 1X Annexin V binding buffer, added 5 μl Annexin-PE and 10 μl 7AAD and 

incubated for 15 min at RT in the dark, followed by adding 500 μl 1X Annexin binding buffer. 
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Cell viability was determined as the percent of 7-AAD negative/ Annexin V negative cells with a 

BD LSRII flow cytometer. 

 

Quantitative RT-PCR Analysis 

To evaluate MYC, MYCN, and EIF4G1 transcriptional regulation by AI-10-49 and JQ1 in inv(16) 

cells, ME-1 cells were treated with AI-10-49/ JQ1  for corresponding time points. mRNA was 

isolated from three independent experiments and conducted qRT-PCR. For testing the role of 

MYCN enhancer deletion in MYCN transcriptional regulation in inv(16) cells, ME-1 cells were 

transfected with empty vector/Cas9 (Ctr.) or MYCN enhancer sgRNA/Cas9, sorted cells 48 hrs 

later, and isolated mRNA from three independent experiments 24 hr later. MYCN expression was 

estimated by qRT-PCR analysis. Total mRNA was isolated with a PureLink RNA Mini Kit (life 

technologies) and cDNA synthesis was performed with a SuperScript III kit (Life Technologies), 

as per the manufacturers’ instructions. Quantitative PCR analysis was conducted on an Applied 

Biosystems QuantStudio™ 6 Flex Real-Time PCR System with Power SYBR Green PCR Master 

Mix (Applied Biosystems). Expression levels were determined with the delta Ct method and 

normalized to GAPDH mRNA. Sequences of primers are provided in Table S1 

 

Chromatin Immunoprecipitation (ChIP) qPCR 

ME-1 cells were treated with DMSO or AI-10-49 (1 μM) for 6 hrs. Cross-linking of proteins to 

DNA was accomplished by adding 1% formaldehyde for 10 min to cultured cells at RT. After 

neutralization with glycine, cells were lysed in a lysis buffer with protease inhibitors, and samples 

were sonicated to an average DNA length of 200–400 bp with a bioruptor (Diagenode). After 

sonication, the chromatin was immunoprecipitated with 5-10 μg of the antibody of interest at 4C 
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overnight. Antibody bound complexes were isolated with Dynabeads (Life Technologies). DNA 

was purified using the phenol-chloroform isoamyl-alcohol method. Immunoprecipitated DNA was 

analyzed by qPCR on a QuantStudio™ 6 Flex Real-Time PCR System (Applied Biosystems) with 

Power SYBR Green PCR Master Mix and calculated as % of input. For ChIP qPCR in human 

primary AML sample with inv(16), CD34+ cells were enriched using CD34 MicroBead Kit 

(Miltenyi Biotec, #130-046-702) and cultured overnight, followed by dead cell removal by dead 

cell removal kit (Miltenyi Biotec, #130-090-101). Cells were treated with DMSO/ AI-10-49 (5 

µM) for 8 hrs, followed by the ChIP procedure mentioned above. Details of the sequences of 

primers are provided in Table S1. The following antibodies were used: RUNX1 polyclonal 

(Abcam, #ab23980), H3K4Me1 polyclonal (Abcam, #ab8895), H3K27ac polyclonal (Abcam, 

#ab4729), N-Myc (D1V2A) Monoclonal Antibody (Cell Signaling Technology, #84406) and 

normal Rabbit IgG (Cell Signaling Technology, #2729). 

 

Cleavage Under Targets and Tagmentation (CUT&Tag) 

CUT&Tag was performed according to the protocol reported by the Henikoff laboratory.62 ME-1 

cells were harvested and centrifuged at 600×g for 3 min at RT. 0.5x10E6 aliquots of cells were 

washed once in 1.5ml of Wash Buffer (20 mM HEPES pH 7.5; 150 mM NaCl; 0.5 mM 

Spermidine; 1× Protease inhibitor cocktail) by gentle pipetting and resuspended in 100 µl Wash 

buffer. Bio-Mag Plus Concanavalin A coated beads (Polysciences) were prepared by washing 

twice in 1.5ml of binding buffer (20 mM HEPES pH 7.9, 10 mM KCl, 1mM CaCl2 and 1mM 

MnCl2) and resuspended in binding buffer (10 µl per sample). 10 µl of activated beads were added 

per sample with gentle vortexing and placed on an end-over-end rotator for 10 min at RT. The 

unbound supernatant was removed by placing the tube on the magnetic stand, and bead bound cells 
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were resuspended in 50µl of ice-cold Dig-wash buffer (20 mM HEPES pH 7.5; 150 mM NaCl; 

0.5 mM Spermidine; 1× Protease inhibitor cocktail; 0.05% Digitonin) containing 2 mM EDTA, 

0.1% BSA and a 1:50 dilution of the appropriate Primary antibody (N-Myc, H3K27Ac or IgG). 

After overnight incubation at 4 °C, the primary antibody was removed, and the cells were 

resuspended in 100 µl Dig-wash Buffer containing 1:100 dilution secondary antibody. Cells were 

incubated at RT for 45 min and washed twice in 1 ml Dig-Wash buffer to remove unbound 

antibodies. The pA-Tn5 adapter complex containing 2.5 µl of 20x CUTANA™ pAG-Tn5 pre-

loaded adapter complex (EpiCypher, #15-1017) was prepared in 50 µl of Dig-300 Buffer (20 mM 

HEPES pH 7.5; 300 mM NaCl; 0.5 mM Spermidine; 1x Protease inhibitor cocktail; 0.01% 

Digitonin). After removing the supernatant, 50 µl of pA-Tn5 adapter complex was added to the 

cells with gentle vortexing and incubated for 1 hr at RT. Cells were washed twice in 1 ml Dig-300 

Buffer to remove unbound pA-Tn5 protein. Cells were then resuspended in 300 µl Tagmentation 

buffer (10 mM MgCl2 in Dig-300 Buffer) and incubated at 37 °C for 1 hr. To stop tagmentation 

and reverse crosslink DNA, 10 µl of 0.5 M EDTA, 3 µl of 10% SDS, and 2.5 µl of 20 mg/ml 

Proteinase K were added to each sample and incubated at 55 °C for 1hr. To extract DNA, 300 µL 

Phenol-chloroform-isoamyl alcohol was added to each sample and vortexed at full speed for ~2sec. 

The whole mixture was then transferred to a phase-lock tub and centrifuged at 16,000 x g for 3 

min at RT. 300 μl Chloroform was added to the same phase-lock tube, inverted ~10x, and 

centrifuged at 16,000 x g for 3 min at RT. The aqueous layer was collected in a fresh 1.5 mL tube 

containing 750 µl 100% ethanol, chilled on ice, and centrifuged at 16,000 x g for 10 min at 4 °C. 

The pellet was washed again in 100% ethanol and air-dried. Finally, the DNA pellet was dissolved 

in 25 μl 1 mM Tris-HCl pH 8, 0.1 mM EDTA. The following antibodies were used for CUT&Tag: 

guinea pig anti-rabbit secondary antibody (Antibodies-Online.com, #ABIN101961), H3K27ac 
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polyclonal (Abcam, t#ab4729), N-Myc (D1V2A) Monoclonal Antibody (Cell Signaling 

Technology, #84406) and normal Rabbit IgG (Cell Signaling Technology, #2729). 

 

The DNA libraries were prepared by mixing 21 µl DNA with 2 µl of a universal i5 primer and 

2 µL of a uniquely barcoded i7 primer. 63 25 µl NEBNext HiFi 2× PCR Master mix was added to 

the DNA primer mix and performed PCR amplification using the following PCR cycling 

conditions: 72 °C for 5 min (gap filling); 98 °C for 30 s; 13 cycles of 98 °C for 10 s and 63 °C for 

10 s; final extension at 72 °C for 1 min and hold at 8 °C. Post-PCR clean-up of the libraries was 

performed by adding 1.3× volume of Ampure XP beads (Beckman Counter) and incubated for 

10 min at RT. The tube was placed on the magnetic stand and carefully withdrawn the liquid 

without disturbing the beads. Beads were gently washed twice in 200 µl of 80% ethanol and 

resuspended in 25 µl 10 mM Tris pH 8.0 by vortexing at full speed. After 5 min, the tube was 

placed on the magnetic stand and carefully withdrawn the liquid into a fresh tube. The quality of 

the libraries was determined by checking the size distribution and concentration of libraries on an 

Agilent 4150 TapeStation with D1000 reagents. 

 

CUT&Tag Data Analysis 

Sample sequence alignment and peak calling were conducted using previously described specific 

parameters. 62 CUT&Tag data were aligned to the hg38 Human genome using Bowtie2 64 and 

peaks were called using SEACR v1.3 65 from each sample using IgG controls in stringent peak 

calling mode. Visualization was created using deeptools. 66 Peaks were tested for differential 

expression between controls and samples with DESeq2 v1.24.0. 67 DESeq2 Wald tests were used 

to determine whether fold changes were significantly different from zero. Pre-ranked gene set 
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enrichment analysis was conducted using shrunken fold-changes and clusterProfiler v3.12.0. 68 

Gene ontology database was used for GSEA. 69 The Benjamini-Hochberg method was used to 

adjust p-values for false discovery in both differential expression and GSEA analyses. 70 

 

Immunoblotting 

To immunoblotting, cells were lysed in modified RIPA buffer (50 mM Tris pH7.5, 150 mM NaCl, 

1% NP40, 0.25% sodium deoxycholate and 1 mM EDTA) with phosphatase inhibitor (Sigma) and 

protease inhibitors (Millipore) for 15 min in ice followed by centrifugation. Protein concentrations 

were determined with the Biorad Protein Assay (Biorad). Proteins were separated on precast 

Novex 10% Tris-Glycine gel / NuPAGE 4-12% Bis-Tris gel at 100V using the Mini Gel Tank 

(Invitrogen) and were blotted onto PVDF membrane at 20V for 90 min. The following antibodies 

were used: N-Myc (D1V2A) Rabbit Monoclonal Antibody (Cell Signaling Technology, #84406) 

eIF4G1 (Cell signaling Technology, #2858), Cleaved Caspase-3 (Asp175) Antibody (Cell 

signaling Technology, #9661), Cleaved PARP (Asp214) (D64E10) Antibody (Cell 

signaling Technology, #5625), and β-Actin (13E5) Rabbit mAb HRP Conjugate (Cell signaling 

Technology, #5125S) 

 

Publicly available datasets 

Data from the following publically available datasets were processed: GSE101790 (ATAC-seq 

in ME-1 cells), GSE101789 (ChIP-seq in ME-1 cells), GSE101788 (RNA-seq in ME-1 cells), 

and GSE108316 (AML patient DNase-seq), 

 

Statistical Analysis. 
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For mouse leukemia survival analysis, the leukemia latency and p-values were estimated using 

GraphPad Prism (version 8.2.1). The p-value between groups was calculated using the log-rank 

test. For calculating the p-value between AML subtypes (Leukemia Gene Atlas), p-values were 

adjusted with Benjamini-Hochberg’s false discovery rate correction. For the rest of the analysis, 

the p-value was calculated using a two-tailed t-test. 
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Figure legends 

 

Figure 1. MYCN is upregulated in inv(16) AML. 

(A). Scatter plot of differentially expressed genes in RNA-seq analysis between DMSO- and AI-

10-49-treated ME-1 cells (>2-fold change; FDR < 0.01). Genes significantly changed are colored 

in red and blue for upregulated and downregulated, respectively. c-MYC and N-MYC are 

highlighted. (B). N-MYC transcript levels in DMSO / AI-10-49 treated (6 hrs) ME-1 cells by Real 
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Time RT-PCR. Histogram representative of triplicate experiments.  (C). N-MYC protein levels in 

AI-10-49 treated (1 μM) ME-1 cells by western blot. (D). MYCN transcript levels in human cord 

blood CD34+ cells (CB CD34+) and primary human inv(16) AML CD34+  cells (inv(16) CD34+). 

Each symbol represents the average of a triplicate experiment from one sample, and the average 

value of the group is shown in red. (E). Normalized expression of MYCN transcript levels in 

Haferlach dataset extracted from Leukemia Gene Atlas (expression array) database. Error bars 

represent the SD. Significance was calculated using an unpaired t-test. *p < 0.05 or **p < 0.005 

or ***p < 0.0005. 

 

Figure 2. N-MYC is required for inv(16) AML cell survival. 

(A). ME-1 cells were transfected with Cas9 and control gRNA/ pool of 3 MYCN gRNAs [Synthego 

Gene Knockout kit V2] by RNP approach and analyzed editing efficiency by Inference of CRISPR 

editing (ICE). (B). N-MYC protein levels in control/ MYCN edited ME-1 cells by western blot. 

(C). Cell survival analysis in control/ MYCN edited ME-1 cells by Annexin V/7AAD assay.  

Histogram representative of triplicate experiments.  (D). Cleaved PARP and cleaved Caspase-3 

protein levels in control/ MYCN edited ME-1 cells by western blot. Error bars represent the SD. 

Significance was calculated using an unpaired t-test. **p < 0.005. 

 

Figure 3. N-MYC silencing effectively reduces AML burden and extends survival in the 

NSGS xenograft model. 

(A). Schematic of MYCN editing by CRISPR/Cas9 RNP approach in primary human inv(16) AML 

cells and transplantation in NSGS mouse model. (B). N-MYC protein levels in control/ MYCN 

edited primary human inv(16) AML cells by western blot. (C). Colony counts for methylcellulose 
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colony-forming assay performed upon 12 days of control/ MYCN edited primary inv(16) AML 

cells. Data representative of the four replicates. The average value of each group is shown in red.  

(D-E). Representative flow cytometry plots showing gating and frequency of hCD45+ hCD33+ 

cells in bone marrow (D) and peripheral blood (E) of NSGS mice transplanted with control/ MYCN 

edited primary inv(16) AML cells five weeks after transplantation. (F). Flow cytometric 

quantification of hCD45+ hCD33+ cells in NSGS mice transplanted with control/ MYCN edited 

primary inv(16) AML cells five weeks after transplantation. Each symbol represents a mouse. The 

average value of each group is shown in red.  (G). Kaplan-Meier survival curve of NSGS mice 

transplanted with control/ MYCN edited primary inv(16) AML cells (n=5/group). Error bars 

represent the SD. Significance was calculated using an unpaired t-test (C, F) and log-rank test 

(G).**p < 0.005 or ***p < 0.0005. 

 

Figure 4. RUNX1 binds to MYCN distal enhancer transcriptionally active in inv(16). 

(A). Representative examples of Integrative Genome Viewer (IGV) tracks of ATAC-seq, ChIP-

seq, and DNase I-seq analysis in ME-1 cells, healthy peripheral blood CD34+ cells, and purified 

primary human AML cells.  PB CD34: Mobilized CD34+ cells in peripheral blood from healthy 

individuals; inv(16): CD34+ cells from human primary AML samples with inv(16).  (B-C).  ChIP-

qPCR analysis for RUNX1 in DMSO- or AI-10-49-treated cells ME-1 cells (B) and primary 

human inv(16) AML cells (C). (D-E).  ChIP-qPCR analysis for H3K27ac (D) and H3K4me1 (E) 

in DMSO- or AI-10-49 treated ME-1 cells. Histogram representative of triplicate experiments.  

Error bars represent the SD. Significance was calculated using an unpaired t-test. *p < 0.05 or **p 

< 0.005. 
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Figure 5. RDME is required for N-MYC transcription and cell survival  

(A). Schematic of CRISPR/Cas9-mediated deletion of MYCN enhancer elements. (B). N-MYC 

transcript levels in MYCN enhancer deleted ME-1 cells by Real Time RT-PCR. (C). Cell survival 

analysis in control/ MYCN enhancer deleted ME-1 cells by Annexin V/7AAD assay.  (D). Cleaved 

PARP and cleaved Caspase-3 protein levels in control/ MYCN enhancer deleted ME-1 cells by 

western blot. Histogram representative of triplicate experiments.  Error bars represent the SD. 

Significance was calculated using an unpaired t-test. **p < 0.005. 

 

Figure 6. eIF4G1 is a key N-MYC target in inv(16) AML. 

(A). Filtering scheme for identifying N-MYC targets in inv(16) AML. N-MYC -bound regions (p 

< 0.05) were intersected with the H3K27ac histone mark (p < 0.05). Candidate MYCN targets 

identified were used for gene ontology enrichment analysis. (B). Genome-wide distribution of N-

MYC and H3K27ac peaks in CUT&TAG-seq. (C). Dot plot of gene ontology enrichment analysis 

of N-MYC targets identified in inv(16) AML. The diameter indicates the number of genes 

overlapping the gene ontology term, and the color indicates the enrichment P-value.  (D). Venn 

diagram showing the overlap between significant differentially expressed genes in AI-10-49 

treated ME-1 cells (±2 fold change; adj. p < 0.05) identified in the RNA-seq, transcripts 

significantly deregulated in human inv(16) AML CD34+ cells compared to normal bone marrow 

CD34+ cells in Haferlach dataset extracted from Leukemia Gene Atlas (expression array) database 

and peaks called in N-MYC CUT&Tag. (E). Representative examples of Integrative Genome 

Viewer (IGV) tracks of CUT&Tag-seq, RNA-seq, and DNase I-seq analysis in ME-1 cells, healthy 

peripheral blood CD34+ cells,  and purified human primary AML cells. (F). ChIP-qPCR analysis 

for N-MYC binding region in EIF4G1 promoter and a non-binding region in EIF4G1 locus in ME-
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1 cells. Histogram representative of triplicate experiments.  (G). Normalized expression of EIF4G1 

in Haferlach dataset extracted from Leukemia Gene Atlas (expression array) databases. (H). 

eIF4G1 transcript levels in human cord blood CD34+ cells and human primary inv(16) AML 

CD34+  cells.  Each symbol represents the average of a triplicate experiment from one sample, 

and the average value of the group is shown in red. (I) ME-1 cells were transfected with Cas9 and 

control gRNAs/ MYCN gRNAs [Synthego Gene Knockout kit V2] by RNP approach and analyzed 

N-MYC and eIF4G1 protein levels by western blot. Error bars represent the SD. Significance was 

calculated using an unpaired t-test. **p < 0.005 or ***p < 0.0005. 

 

Figure 7. eIF4G1 is required for inv(16) AML maintenance. 

(A). ME-1 cells were transfected with Cas9 and control gRNA/ pool of 3 EIF4G1 gRNAs by RNP 

approach and analyzed eIF4G1 protein levels by western blot. (B). Cell survival analysis in 

control/ EIF4G1 edited ME-1 cells by Annexin V/7AAD assay. Histogram representative of 

triplicate experiments.  (C). Cleaved PARP and cleaved Caspase-3 protein levels in control/ 

EIF4G1 edited ME-1 cells by western blot. (D). Human primary inv(16) AML cells were 

transfected with Cas9 and control gRNA/ pool of three EIF4G1 gRNAs by RNP approach and 

analyzed eIF4G1 protein levels by western blot. (E). Colony counts for methylcellulose colony-

forming assay performed upon 12 days of control/ EIF4G1 edited human primary inv(16) AML 

cells. Data representative of the four replicates. The average value of each group is shown in red.  

(F-G). Representative flow cytometry plots showing gating and frequency of hCD45+ hCD33+ 

cells in bone marrow (F) and peripheral blood (G) of NSGS mice transplanted with control/ 

EIF4G1 edited primary inv(16) AML cells five weeks after transplantation. (H). Flow cytometric 

quantification of hCD45+ hCD33+ cells in NSGS mice transplanted with control/ EIF4G1 edited 
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primary inv(16) AML cells five weeks after transplantation. Each symbol represents a mouse. The 

average value of each group is shown in red.  (I). Kaplan-Meier survival curve of NSGS mice 

transplanted with control/ EIF4G1 edited primary inv(16) AML cells (n=5/group). Error bars 

represent the SD. Significance was calculated using an unpaired t-test (B, E, H) and log-rank test 

(I). *p < 0.05 or **p < 0.005 or ***p < 0.0005. 
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