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Comprehensive characterization of a novel, oncogenic and 
targetable SEPTIN6::ABL2 fusion in T- ALL

T- cell acute lymphoblastic leukaemia (T- ALL) arises from the 
malignant transformation of T- cell progenitors.1,2 Current 
standard- of- care treatment for T- ALL consists of high- dose 
multi- agent chemotherapy followed by haematopoietic stem 
cell transplantation (HSCT) in standard- high risk patients.3 
Despite reasonable rates of initial complete responses (CR), 
patients who relapse or do not respond to first- line treat-
ments show a dismal outcome with cure rates below 10% and 
limited therapeutic options.2 Actually, since the approval of 
nelarabine in 2005 no pharmacological inhibitors have been 
approved for relapsed/refractory T- ALL patients.4 Therefore, 
there is an urgent need to identify the molecular alterations 
that are present in such patients and that promote leukemo-
genesis in order to implement personalized- therapies with 
higher efficacy and fewer adverse effects.5

Here, we identify and comprehensively characterize a 
novel, oncogenic and targetable SEPTIN6::ABL2 fusion in a 
16- year- old boy with T- ALL (Figure 1A). We evaluated the 
mutational profile of the patient in matched tumour samples 
at diagnosis (Patient Dx) and relapse (Patient Rx) by paired- 
end 2 × 150 bp exome sequencing analysis. We observed no 
mutations in previously reported T- ALL oncogenes or tu-
mour suppressor genes (TSG)6 in Patient Dx and only two 
frameshift mutations affecting the TSG PTPRC7 in Patient 
Rx (Figure  S1). We next analysed copy- number- variations 
and identified a trisomy 17 and a homozygous deletion in 
CDKN2A (Figure  S1), which were confirmed by FISH and 
MLPA respectively (Figure S1). Trisomy 17 is not considered 
a cancer- driver event per se8 while CDKN2A is a TSG fre-
quently altered in T- ALL,9 suggesting the presence of addi-
tional genetic alterations that may explain the aggressiveness 
of this tumour.

Chromosomal rearrangements are relevant events in 
haematological malignancies,10 so we performed paired- 
end 2 × 100 bp RNA- Seq to assess for the presence of fu-
sion transcripts and detected two fusions in Patient Dx 
and seven fusions in Patient Rx (Figure 1B and Table S1). 
Among them, only the SEPTIN6::ABL2 fusion involved 
coding genes from different chromosomes and main-
tained the reading frame. To confirm the presence of 
this novel fusion, we first verify the ABL2 rearrange-
ment, using a commercially available break- apart probe 
for ABL2 (Figure  1C), and subsequently demonstrate 

the co- localization between ABL2 and SEPTIN6, using a 
newly developed double- fusion probe for SEPTIN6::ABL2 
(Figure 1D). Notably, SEPTIN6::ABL2 was present at both 
diagnosis and relapse with a frequency of 75% and 91%, 
respectively (n = 200 analysed nuclei), indicating that the 
treatments administered to the patient were not effective 
in completely eradicating the tumour cells bearing this 
particular alteration. The expression of SEPTIN6::ABL2 
fusion was also confirmed at the mRNA and protein levels 
in the tumour cells at relapse (Figure 1E,F).

RNA- Seq data coupled to multiplex PCRs and Sanger 
sequencing allowed us to identify the fusion breakpoint 
between SEPTIN6 intron 8– 9 and ABL2 intron 4– 5, 
which remained intact except for the presence of two ad-
ditional cytosines (Figure  1G). RT- PCR and Sanger se-
quencing further revealed the complete coding sequence 
of SEPTIN6::ABL2 (Figure  1G and Figure  S2). Since this 
fusion involves the amino- terminal region of SEPTIN6 
and the carboxy- terminal region of ABL2, it lacks the au-
toinhibitory domains of ABL2, resulting in complete loss 
of the myristoyl glycine and the SH3 domain and in par-
tial loss of the SH2 domain, while the kinase domain of 
ABL2 remains intact and, therefore, its catalytic ability 
(Figure 1H). To assess whether the SEPTIN6::ABL2 fusion 
could exhibit aberrant tyrosine- kinase activity and con-
tribute to leukemogenesis, we cloned the SEPTIN6::ABL2 
cDNA into a lentiviral vector and analysed its ability to 
promote cell growth and viability. M07e cells transduced 
with SEPTIN6::ABL2 showed significantly higher levels 
of cell growth and viability compared to cells transduced 
with the empty- vector or with ABL2WT in the absence of 
cytokines (Figure 2A). Furthermore, such effects correlated 
with an increase in the levels of phosphorylated- tyrosines 
(Figure  2B), indicating that SEPTIN6::ABL2 displays en-
hanced kinase activity in comparison with ABL2WT and 
postulating this fusion as a new oncogene. The oncogenic 
role of SEPTIN6::ABL2 was further confirmed in Ba/F3 
cells (Figure 2C,D). To the best of our knowledge, this is 
the first fusion gene involving SEPTIN6 or ABL2 that has 
been directly identified in the tumour sample from a T- 
ALL patient and subsequently characterized as oncogenic.

Since the patient did not achieve a durable response 
with conventional chemotherapeutic treatments and ABL2 
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functions as a tyrosine- kinase protein, we tested whether 
tyrosine- kinase inhibitors (TKIs) are effective against the 
oncogenic activity of SEPTIN6::ABL2. We analysed the 

effects of imatinib on the growth of Ba/F3 cells expressing 
SEPTIN6::ABL2 (Ba/F3- SA), using K562 and Jurkat cell 
lines as positive and negative controls respectively. Imatinib 
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robustly and selectively inhibited cell growth of Ba/F3- SA 
and K562 cells, but not of Jurkat cells (Figure 2E), indicat-
ing that SEPTIN6::ABL2 is sensitive to imatinib. These re-
sults were validated using two additional TKIs, nilotinib and 
dasatinib (Figure  2E). To determine whether the observed 
reduction in cell growth was a consequence of cell cycle de-
regulation, we analysed the cell cycle profile in the presence 
of imatinib, nilotinib and dasatinib and we observed a cell 
cycle arrest at G1 (Figure 2F,G and Figure S3). Next, we an-
alysed cell viability and observed that TKIs also induced an 
increase in apoptosis (Figure 2H,I). Our results indicate that 
SEPTIN6::ABL2 promotes cell growth, survival and G1/S 
transition, inducing oncogenic hallmarks that can be re-
versed with TKIs.

Here, we identify a novel SEPTIN6::ABL2 fusion in a T- 
ALL patient. Although gene translocations are common 
events in T- ALL,10 only a fraction generate fusion proteins, 
with NUP214::ABL1 being the most representative example 
in T- ALL.11 However, the frequency of fusion proteins may 
be underestimated, as most are the result of cryptic rear-
rangements not easily detected by exome sequencing or gene 
expression profiling. This is particularly relevant for ABL2 
since, unlike ABL1, break- apart probes for ABL2 are not 
routinely used in the clinical diagnosis of T- ALL patients. 
While the ETV6::ABL2 fusion has been reported in a cell 
line with mixed T- lymphoid/myeloid immunophenotype,12 
SEPTIN6::ABL2 represents the first fusion involving ABL2 
that has been directly identified in a T- ALL patient at diag-
nosis and relapse. Notably, its increased frequency at relapse 
suggests that current treatments were not effective enough 
in eradicating the tumour cells bearing this particular alter-
ation. Additionally, the patient did not show molecular alter-
ations in proto- oncogenes belonging to the NOTCH1, JAK/
STAT, PI3K/AKT and MAPK/ERK signalling pathways, 
highlighting the oncogenic potential of the SEPTIN6::ABL2 
fusion in leukemogenesis. We observed that SEPTIN6::ABL2 
promotes the growth and viability of different haematopoi-
etic cell lines, unveiling the role of ABL2 as a proto- oncogene 
in T- ALL and emphasizing the heterogeneous landscape of 
this haematological malignancy.6 The high efficacy of TKIs 
in inhibiting the growth of cells expressing SEPTIN6::ABL2 
by arresting cell cycle and inducing apoptosis offers a tar-
geted therapeutic opportunity for leukaemia patients with 
this alteration. Although such inhibitors are not routinely 
used in T- ALL, previous reports showing their efficacy for 

T- ALL patients with the NUP214::ABL1 fusion,13,14 together 
with the results presented in this study, postulate TKIs as 
a potential treatment for a subgroup of T- ALL patients. 
Overall, our study provides a comprehensive characteriza-
tion of the novel and oncogenic SEPTIN6::ABL2 fusion as a 
potential therapeutic target in T- ALL (Figure 2J).
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F I G U R E  1  Identification of a novel SEPTIN6::ABL2 fusion. (A) Medical history of index case. CNS, central nervous system; MRD, minimal 
residual disease; FC, Flow Cytometry; HSC, haematopoietic stem cell transplantation. (B) CIRCOS plot illustrating transcript fusions affecting coding 
regions in the patient tumour sample at diagnosis (top) and relapse (bottom). (C) FISH analysis of interphase cells in the patient at diagnosis (Patient 
Dx) and relapse (Patient Rx), using an ABL2 break- apart probe; 3′ end of ABL2 (yellow arrowhead) is involved in SEPTIN6::ABL2 fusion. (D) FISH 
analysis of interphase cells in Patient Dx and Patient Rx using a SEPTIN6::ABL2 double- fusion probe; SEPTIN6::ABL2 fusion is indicated with a yellow 
arrowhead. FISH images are representative examples of at least three independent experiments. Expression levels of SEPTIN6::ABL2 in Patient Rx and 
control- thymocytes (CTRL) at the transcript level determined by RT- qPCR (E) and protein levels determined by Western Blot (F). The graphics in (E) 
show the mean with 95% confidence interval after three independent experiments. Statistical significance was set at p < 0.05. (G) Electropherograms 
showing the fusion point between SEPTIN6 and ABL2 in Patient Rx at genome (top) and transcript level (bottom). (H) Protein domains of 
SEPTIN6::ABL2 fusion. Predicted domain structure of SEPTIN6::ABL2 fusion protein (bottom), in comparison with its wildtype counterparts; Nt, 
amino- terminal end; Ct, carboxy- terminal end; numbers in brackets indicate amino acids. All images are representative examples of at least three 
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