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Chromosomal rearrangements involving the human MLL/KMT2A gene are recurrently associated with the 
disease phenotype of acute leukemia. The presence of distinct MLL rearrangements (MLL-r) is an independent 
dismal prognostic factor. The identification of MLL-r is routinely based on two main strategies: split-signal 
fluorescence in situ hybridization (FISH) and RT-PCR. Recently, we stablished a custom NGS panel for the 
detection of MLL-r at nucleotide level. This allowed us to identify a novel breakpoint cluster region within MLL, 
recurrently fused with USP2 gene. Considering that MLL-USP2 fusions are generated by a 0.8 Kb inversion within 
11q23, we demonstrated that FISH screening fails to detect this alteration in most of the patients. Therefore, 
immunophenotyping could be an important method for fast screening of MLL-r. Although NG2 marker has been 
associated with MLL-r, it has a varying amount of false negative results. Here we evaluate the transcriptome of 
acute leukemia samples to analyze differential expression and unravel an appropriate marker for diagnostic 
routine prediction of MLL-r.

The TARGET database was used for the identification of a predictive marker for the MLL-r. Clinical and RNA-seq 
data of B-ALL, AML, and MPAL were retrieved from TARGET. The analyses were performed in R statistical 
environment. The discovery of a predictive marker for MLL-r in leukemia was based on differential expression 
analysis using DESeq. The analysis was performed in two cohorts – B-ALL (ALL Phase II) and AML – of TARGET 
project. After the determination of candidate genes for prediction of MLL-r, their transcript levels were compared 
among MLL status groups in B-ALL, AML, and MPAL. The molecular subtype of B-ALL was also evaluated.

Although we have established a customized NGS assay for the detection of MLL-r in acute leukemia, this approach 
is not available for all laboratories working with leukemia diagnosis. Therefore, the frequency estimation of the 
main MLL partner genes, as well as the development of cheaper and more feasible tools for the determination of 
MLL-r is important for many labs worldwide. Here, we evaluated which flow cytometry marker would be the most 
appropriate for the diagnosis of MLL-r, revealing that SKIDA1 could be applied for the identification of MLL-r in 
different types of acute leukemia.

A total of 128 B-ALL and 249 AML patients were included, and 52,625 genes were evaluated. A total of 100 and 
62 genes were upregulated in B-ALL and AML, respectively [log2(fold-change) > 2, and P>0.01]. SKIDA1 gene 

-7 thwas the most significantly upregulated gene (P=6.4x10 ), while CSPG4 (coding for NG2) was ranked the 16  
position. Among those sixteen most upregulated genes, SKIDA1 also had the highest fold change difference in 
gene expression while considering both ALL and AML subtypes. In the next step of our analysis, we compared 
the expression of the top sixteen upregulated genes based on MLL status in three subtypes of acute leukemia. 
This analysis included MPAL, which presented high incidence of MLL-USP2 fusions. The CSPG4 presents good 
performance for estimating MLL-r, however, it was not so accurate for discriminating such alterations in 

-7 -5patients diagnosed with B-ALL (P=0.058), AML (P=1.8x10 ), and MPAL (P=1.0x10 ) as compared to SKIDA1 
-11 -6(P=0.007, 1.9x10 , and 8.0x10 , respectively).

Figura 5: Resumo esquemático de hipossalivação.
Figure 1. Chromosome 11 
alterations leading to MLL 
r e a r r a n g e m e n t s .  ( A ) 
Schematic representation of 
t ( 4 ; 1 1 )  a n d  d e r i v a t i v e 
chromosomes with direct 
(MLL-AF4) and reciprocal 
fusions (AF4-MLL); (B) The pie 
c h a r t  r e v e a l s  t h e  m o s t 
frequent MLL partner genes in 
overall leukemia (Meyer et al. 
Leukemia 2017).

Table 1. Top upregulated genes in both B-ALL and AML.

Figure 5. Expression of top 16 upregulated genes according to MLL status. Gene expression was assessed for (a) B-ALL, (b) AML, and 
(c) MPAL.

Figure 2. FISH limitation for the 
assessment of MLL status. (a) 
MLL-USP2 fusions derive from a 
small inversion between MLL and 
USP2, which sometimes are not 
evidenced by FISH. However, (b) 
deletion of MLL 3‘ can also occur 
in MLL-USP2 fusions, and the lack 
of one 3' probe (red) was 
observed (Meyer and Lopes et al. 
Leukemia 2019).

Figure 3. Study flowchart.

Figure 4.  Volcano plot 
illustrates differentially 
expressed genes in acute 
leukemia with MLL-r. The top 
t went y  u p  a n d  d own 
regulated  genes  were 
highlighted for (a) B-ALL and 
(b)  AML.  Dashed lines 
indicate log2(fold-change) > 
2, and P>0.01.

Figure 6. Expression of top 16 upregulated genes according to molecular subtypes of B-ALL.


