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TCF3 exon 16 HLF exon 4

HLF exon 4

Variable InsertionType 1

10-199

3332

3316*

TCC TAC AGT GGC CAG GGC ATC TCA CCG AGG ACT TTT AAG TAC TGG GCA AGG         61kD

TCC TAC AGT GGA TGA CAA GTA CTG GGC AAG GCG CAG AAA GAA CAA CAT GGC     53kD 

TCC TAC AGT GGC CAG GGC ATC TCA CCG CAG ACC GAG GGA TTT TTC CCT TCT GTA  63kD 
ACT AAT GAG CAG GAT GAC AAG TAC TGG GCA AGG CGC AGA AAG AAC AAC ATG 

3310 CTG GGC GGG CGG CAC GCA GGC CTG GAT GAC AAG TAC TGG  53kD

TCF3 exon 15

3324 CTG GGC GGG CGG CAC GCA GGC CTG GAT GAC AAG TAC TGG  53kD

Type 2
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Supplemental Figure 1. Biochemical, molecular and functional interrogation of TCF3-HLF ALL.  

A)  Sanger Sequencing results of five patient derived samples using standard RT-PCR from isolated 

RNA and corresponding immunoblot.  TCF3-HLF fusions were amplified from first strand cDNA 

using Forward Primer: TGCACAACCACGCGGCCCTC; reverse primer: TGCCATGTTGTTCTTTCTGCG.  

PCR product then underwent standard sanger sequencing, while whole cell lysate from leukemic 

samples were separated by standard SDS-PAGE and subsequently immunoblotted for using anti-

TCF3 with loading control using anti-a-tubulin.  Three samples were identified to carry a type 1 

translocation (10-199, 3316, and 3332 Green) with variable insertions corresponding to different 

protein length, while two others carried a type 2 translocation (3310, 3324 Red). *Although 3316 

is predicted to have an early stop site at the end of exon 13 immunoblot analysis identified a 

larger protein product closer to 60kD suggesting a potential read-through effect overcoming the 

stop codon consistent with a preservation of HLF expression.  The immunoblot shown is 

representative of three independent experiments.  B) Whole exome sequencing identifies 

minimal pathological variants.  Five TCF3-HLF ALL samples and thirty-eight B-cell ALL samples 

underwent whole exome sequencing using the Illumina Nextera RapidCapture Exome capture 

probes and protocol, which provided coverage of 37 Mb of genomic DNA coding regions.  Variant 

filters excluded variants not resulting in an amino acid change and variants with ExAC (gnomAD) 

frequency >0.1%.  Resultant variants were then compared to genes in the St. Jude PeCan variant 

database for patients with B-ALL which included variants that matched exactly with variants 

found in PeCan of that occurred in PeCan hotspot regions. IKZF1 variant in TCF3-HLF ALL carried 

the predicted I125V mutation, KRAS variant in TCF3-HLF ALL carried the predicted G12V/S. C) 

Differential gene expression analysis.  RNA-seq analysis was performed whereby samples were 

sequenced using the Agilent SureSelect Strand-Specific RNA Library Preparation Kit on the Bravo 



robot (Agilent).  The STAR aligner v020201 was used to align reads to the hg19 version of the 

human genome. These alignments were summarized at the gene-level relative to Ensembl 83 

gene models using featureCounts and fusions were generated using STAR-Fusion v1.3.2. 

Normalization was performed using the conditional quantile normalization procedure which 

produced GC-content corrected log2 Reads Per Kilobase per Million mapped reads (RPKM) 

values. To identify genes whose expression was significantly up- or down-regulated in patients 

harboring the t(17;19) translocation, normalized expression (log2 RPKM) of 21,001 evaluable 

genes was compared between t(17;19)-positive (n=5) and –negative (n=35) ALL patient samples 

by two-tailed student’s t-test using the GenePattern Comparative Marker Selection package 

(Broad Institute). Raw p-values were adjusted for multiple comparisons using the Benjamini-

Hochberg method. The top 1000 most significant differentially expressed genes were subjected 

to unsupervised, hierarchical clustering by Euclidean pairwise average linkage method (Gene 

Pattern Hierarchical Clustering package; Broad). D)  t(17;19) ALL specimens subjected to ex vivo 

drug sensitivity and assessed for viability by MTS.  Freshly isolated mononuclear cells from the 

spleens of xenografted animals were incubated with increasing concentrations of an array of 

small-molecule inhibitors (4-7 dose points in addition to no drug control). IC50 plots were 

calculated and compared to the median IC50 of over one thousand hematologic malignancies 

assessed by the assay. For a given sample, drug IC50 values were considered <<median if less than 

or equal to 5-fold below the median IC50 for all samples tested (red). Where an IC50 approached 

the median or was not achieved at a dose of 1µM, for a given drug, an IC50 value equal to the 

highest drug concentration used was arbitrarily assigned (white).  Each column represents a 

t(17;19) ALL sample, each row identifies the compound name, and each block identifies the drug 

target. Venetoclax, dasatinib, and alisertib are highlighted in red. 
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Supplemental Figure 2.  ALL specimens subjected to ex vivo drug sensitivity and assessed for 

viability by MTS.  Freshly isolated primary patient samples were incubated with increasing 

concentrations of an array of small-molecule inhibitors (4-7 dose points in addition to no drug 

control).  IC50 plots were calculated and compared to the median IC50 of over one thousand 

hematologic malignancies assessed by the assay. For a given sample, drug IC50 values were 

considered <<median if less than or equal to 5-fold below the median IC50 for all samples tested 

(red). Where an IC50 approached the median or was not achieved at a dose of 1µM, for a given drug, 

an IC50 value equal to the highest drug concentration used was arbitrarily assigned (white). 

Venetoclax, dasatinib, and alisertib are highlighted in red. 



 



Supplemental Figure 3. Gene set enrichment analysis (GSEA). Pre-ranked GSEA was run using 

the computed Wald statistic values for each gene from DE analysis and the Reactome library of 

curated gene sets to identify up- and down-regulated pathways using the fgsea R package. All p-

values were adjusted for false discovery rate (FDR) by the Benjamini-Hochberg step-wise 

method; FDR-adjusted p < 0.05 was considered statistically significant.  A) Top 15 up and 15 

down-regulated Pathways from GSE by normalized enrichment scores (NES).  Pathways involving 

cell cycle appear to be upregulated (orange) in TCF3-HLF ALL compared to other B-cell ALLs.  B) 

Volcano plot of Enriched Reactome Pathways of TCF3-HLF ALL compared to other B-cell ALL.  Plots 

compare Normalized expression scores (NES) compared to the −log10 FDR−adjusted p−value.  

Each point on the plot represents a reactome pathway gene set, with its x coordinate being the 

enrichment score (positive values = enriched in TCF3-HLF samples compared to other B-ALL 

samples; negative values = down in TCF3-HLF samples compared to other B-ALL samples) and its 

y-coordinate being the FDR-adjusted significance. The red highlighted dots are pathways whose 

gene sets contained at least one of the Aurora kinase family genes (AURKA, AURKB, AURKC).  

 


