
Identification of a novel RUNX1-TACC1 fusion transcript in
acute myeloid leukaemia

Transforming acidic coiled-coil 1 (TACC1) interacts with

proteins involved in the centrosome, microtubule dynamics,

transcription and mRNA processing and plays roles in cell

division, cell proliferation, and gene regulation (Ha, Kim, &

Breuer, 2013). TACC1 is also a component of aurora A and

aurora B complexes, which are essential for a successful

mitosis (Delaval et al., 2004; Nikonova, Astsaturov, Serebri-

iskii, Dunbrack, & Golemis, 2013). In tumours, TACC1

expression significantly associates with lymph node metastasis

and poor prognosis (Ding et al., 2013; Lv et al., 2014). A

FGFR1-TACC1 fusion capable of constitutive tyrosine kinase

activation was found in extraventricular neurocytoma and

glioblastoma (Lasorella, Sanson, & Iavarone, 2017; Sievers

et al., 2018). However, the role of TACC1 has not been

described in leukaemia so far. Here, we report the first case

of acute myeloid leukaemia (AML) with a novel RUNX1-

TACC1 fusion transcript and its associated histological,

immunophenotypical, and genetical features.

A 50-year-old male presented with skin ecchymosis for

five months, which had become more severe in the last two

weeks. Complete peripheral blood cell count demonstrated

pancytopenia with 2�8 9 109/l of leukocytes (34�7% of neu-

trophils, 50�7% of lymphocytes and 14�6% of monocytes),

3�4 9 1012/l of erythrocytes, 83 g/l of haemoglobin, and

8 9 109/l of platelets. A bone marrow aspirate smear showed

significantly increased cellularity with erythroid hyperplasia.

Most of the increased erythrocytic series were polychromatic

and orthochromatic erythroblasts. Differential cell counts

showed 18�5% of blasts, 28�5% of granulocytes (G), 53% of

erythrocytes (E), and a G/E = 0�54/1 (Fig 1A). Flow cytome-

try of bone marrow aspirate found 24% of blasts, which were

positive for HLA-DR, CD13, CD34, CD38, CD117 and

CD123. A 118 gene DNA NGS (next generation sequencing)-

targeted panel for hematopoietic malignancies showed

SETBP1 Asp868Asn (41�7%), SETBP1 Gly870Ser (3�8%),

U2AF1 Gln157Arg (43�8%) and U2AF1 Ser34Phe (46�7%).

Bone marrow cytogenetic analysis showed a translocation

between chromosomes 8 and 21 in each of 20 metaphases as

the sole change. Different from the traditional t(8;21) AML,

the chromosome 8 breakpoint was located at 8p11, instead

of 8q22 (the RUNX1T1 gene locus)(Fig 1B). FISH analysis

with RUNX1-RUNX1T1 dual fusion probes did not show

RUNX1-RUNX1T1 rearrangement. However, part of the

RUNX1 signal was translocated to the derivative chromo-

some 8, consistent with a RUNX1 rearrangement (Fig 1C).

The interphase FISH evaluation showed 21% of nuclei with

RUNX1 rearrangement, similar to the blast cell number in

this sample (18�5% by smear and 24% by flow cytometry).

Because 8p11 harbours the FGFR1 gene, an oncogene known

to be involved in myeloid tumours, we performed FISH anal-

ysis with a split-apart FGFR1 probe, which was negative for

FGFR1 rearrangement. The intact FGFR1 signal was translo-

cated to the derivative chromosome 21, indicating that an

unknown gene centromeric to FGFR1 on 8p was involved in

our case (Fig 1D). A targeted RNA NGS panel specific for

myeloid tumours, which includes RUNX1 as one of the bait

genes, showed two fusion transcripts between RUNX1-

TACC1, containing either the first five exons or the first six

exons of RUNX1, and the last nine exons of TACC1 (Fig

2A). The breakpoints of the two RUNX1-TACC1 fusion gene

transcripts were shown in Figure S1. Because TACC1 is

located just centromeric to FGFR1 at chromosome 8p11,

these sequencing results are consistent with both the kary-

otype and FISH findings. The two RUNX1-RUNX1T1 fusion

transcripts were further confirmed by RT-PCR with primers

specific to RUNX1 and TACC1 (Fig. 2B,C, Table SI for pri-

mer sequences). A western blot analysis of the patient’s bone

marrow sample with an anti-RUNX1 antibody showed two

additional bands at 58 and 51 kD, in addition to the wild-

type RUNX1 (Fig. 2D). These extra bands are consistent with

the presence of the RUNX1 Ex5-TACC1 Ex6 and the RUNX1

Ex6-TACC1 Ex6 based on molecular weight.

The patient was diagnosed with AML, not otherwise speci-

fied, according to the 2016 WHO classification. A standard

7 + 3 regimen (daunorubicin 90 mg/m2 at days 1–3 and

cytarabine 100 mg/m2 q12h at days 1–7) achieved minimal

results, with similar blast counts, karyotype changes and muta-

tion frequencies seen in a subsequent bone marrow aspirate.

He was then treated with a HAG regimen (harringtonine

1 mg/m2 at days 1–8, cytarabine 20 mg/m2 q12h at days 1–8,
granulocyte colony-stimulating factor (G-CSF) 300 lg/m2 at

days 1–4, and G-CSF 150 lg/m2 at days 5–8). Again, remission

was not achieved. The patient was then treated with decitabine

(20 mg/m2 at days 1–5) and, yet again, no clinical response

was observed. The patient succumbed to the disease soon after.

RUNX1 is a transcription factor essential to haematopoi-

esis. RUNX1 alterations, including both point mutations and

intragenic rearrangement, are frequently seen in haematopoi-

etic malignancies (Gaidzik et al., 2011; Bidet et al., 2016).

RUNX1 germline mutations are also associated with inherited
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leukaemia (Walker et al., 2002). Two common chromosome

translocations involving RUNX1, i.e., the t(8;21) (RUNX1-

RUNX1T1) and the t(12;21) (ETV6-RUNX1), are found in

AML and ALL, respectively (Sood, Kamikubo, & Liu, 2017).

RUNX1 has two defined functional domains, the runt-ho-

mology domain (RHD) responsible for DNA-binding and

CBFb interaction, and the transactivation domain (TAD)

(Fig. 2E). Various RUNX1 fusion proteins retain RHD only

or both RHD and TAD. In the classic RUNX1-RUNX1T1,

the RUNX1T1-encoded protein CBFA2T1 contributes an

oligomerisation domain, which is critical for leukaemogenesis

(Kwok, Zeisig, Qiu, Dong, & So, 2009). In RUNX1-TACC1,

TACC1 contributes a carboxy-terminal transforming acidic

coiled coil (TACC) domain. Coiled coil domains function as

oligomerisation domains for a wide variety of proteins and

are capable of both homo-oligomerisation and hetero-

Fig 1. Morphologic features and cytogenetics results of an acute myeloid leukaemia patient with a clonal translocation t(8;21). (A) May-

Gr€unwald-Giemsa staining of bone marrow aspirate showed medium-sized blasts with azurophilic granules of various sizes and 1-4 nucleoli. (B)

Karyotypic analysis of unstimulated bone marrow specimen showed 46,XY,t(8;21)(p11;q22) as the sole change. (C) Metaphase FISH using

RUNX1 probe (green) and RUNX1T1 probe (red) showed that one of the RUNX1 signals was split-apart and translocated to the der(8) chromo-

some. (D) Metaphase FISH using 5’FGFR1 (green) and 3’FGFR1 probe (red) was negative for the FGFR1 rearrangement.

Fig 2. Molecular characterisations of the RUNX1-TACC1 fusion. (A) Schematic illustration shows the breakpoints of the RUNX1-TACC1 fusions

and their chromosome localisation. (B and C) RT-PCR assays and Sanger sequencing of the patinet’s bone marrow confirmed two types of

RUNX1-TACC1 fusion transcripts, with one containing the first five exons of RUNX1 and the last nine exons of TACC1, and the other containing

the first six exons of RUNX1 and the last nine exons of TACC1, likely due to alternative splicing. (D) Western blotting assays with an anti-

RUNX1 antibody showed two additional bands at 58 and 51 kD, in addition to the wild-type RUNX1 (D). These extra bands are consistent with

the presence of the RUNX1 Ex5-TACC1 Ex6 and the RUNX1 Ex6-TACC1 Ex6 based on molecular weight. The control was from a non-neoplastic

bone marrow specimen. (E) Schematic illustration of RUNX1-TACC1 fusion. RHD, runt-homology domain, TAD, transactivation domain,

TACC, transforming acidic coiled-coil.
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oligomerisation (Lupas, 1996). Three human TACC proteins,

including TACC1, TACC2 and TACC3, are all capable of

homo-oligomerisation (Gergely et al., 2000). We propose an

oncogenic model, that RUNX1-TACC1 homo-oligomerisa-

tion, driven by the TACC domain, leads to leukaemogenesis.

In conclusion, we described a novel RUNX1-TACC1

fusion in AML. This is the first report of TACC1 rearrange-

ment in leukaemia, which may provide a unique opportunity

to study the functions of these very interesting proteins.
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Fig S1. Targeted RNA NGS showed two RUNX1-TACC1

fusion transcripts. (A) RUNX1 Ex5 -TACC1 Ex6. (B) RUNX1

Ex6 -TACC1 Ex6.

Table SI. Primer sequences used for RUNX1-TACC1

fusions.

References

Bidet, A., Laharanne, E., Achard, S., Migeon, M.,

Moreau, C. & Lippert, E. (2016) Analysis of

RUNX1 rearrangements: insights into leukaemo-

genesis mechanisms. British Journal of Haematol-

ogy, 175, 738–740.

Delaval, B., Ferrand, A., Conte, N., Larroque, C.,

Hernandez-Verdun, D., Prigent, C. & Birnbaum,

D. (2004) Aurora B -TACC1 protein complex in

cytokinesis. Oncogene, 23, 4516–4522.

Ding, A., Zhao, W., Shi, X., Yao, R., Zhou, F.,

Yue, L., Liu, S. & Qiu, W. (2013) Impact of

NPM, TFF3 and TACC1 on the prognosis of

patients with primary gastric cancer. PLoS ONE,

8, 1–7.

Gaidzik, V.I., Bullinger, L., Schlenk, R.F., Zim-

mermann, A.S., Rock, J., Paschka, P., Corba-

cioglu, A., Krauter, J., Schlegelberger, B.,

Ganser, A., Spath, D., Kundgen, A., Schmidt-

Wolf, I.G.H., Gotze, K., Nachbaur, D.,

Pfreundschuh, M., Horst, H.A., Dohner, H. &

Dohner, K. (2011) RUNX1 mutations in acute

myeloid leukemia: results from a comprehen-

sive genetic and clinical analysis from the AML

study group. Journal of Clinical Oncology, 29,

1364–1372.

Gergely, F., Karlsson, C., Still, I., Cowell, J., Kil-

martin, J. & Raff, J.W. (2000) The TACC

domain identifies a family of centrosomal pro-

teins that can interact with microtubules. Pro-

ceedings of the National Academy of Sciences,

USA, 97, 14352–14357.

Ha, G.H., Kim, J.L. & Breuer, E.K.Y. (2013)

Transforming acidic coiled-coil proteins

(TACCs) in human cancer. Cancer Letters, 336,

24–33.

Kwok, C., Zeisig, B.B., Qiu, J., Dong, S. & So,

C.W.E. (2009) Transforming activity of AML1-

ETO is independent of CBFb and ETO interac-

tion but requires formation of homo-

oligomeric complexes. Proceedings of the

National Academy of Sciences, USA, 106, 2853–

2858.

Lasorella, A., Sanson, M. & Iavarone, A. (2017)

FGFR-TACC gene fusions in human glioma.

Neuro-Oncology, 19, 475–483.

Lupas, A. (1996) Coiled coils: new structures and

new functions. Trends in Biochemical Sciences,

21, 375–382.

Lv, J., Yao, Y.S., Zhou, F., Zhuang, L.K., Yao, R.Y.,

Liang, J., Qiu, W.S. & Yue, L. (2014) Prognosis

significance of HER2 status and TACC1 expres-

sion in patients with gastric carcinoma. Medical

Oncology, 31, 1–10.

Nikonova, A.S., Astsaturov, I., Serebriiskii, I.G.,

Dunbrack, R.L. Jr & Golemis, E.A. (2013) Aur-

ora-A kinase (AURKA) in normal and patholog-

ical cell growth. Cellular and Molecular Life

Sciences, 70, 661–687.

Sievers, P., Stichel, D., Schrimpf, D., Sahm, F.,

Koelsche, C., Reuss, D.E., Wefers, A.K.,

Correspondence

4 ª 2020 British Society for Haematology and John Wiley & Sons Ltd

https://orcid.org/0000-0003-0261-3073
https://orcid.org/0000-0003-0261-3073
https://orcid.org/0000-0003-0261-3073
https://orcid.org/0000-0002-2416-7572
https://orcid.org/0000-0002-2416-7572
https://orcid.org/0000-0002-2416-7572
mailto:


Reinhardt, A., Huang, K., Ebrahimi, A., Hou, Y.,

Pajtler, K.W., Pfister, S.M., Hasselblatt, M., Stum-

mer, W., Schick, U., Hartmann, C., Hagel, C.,

Staszewski, O., Reifenberger, G., Beschorner, R.,

Coras, R., Keyvani, K., Kohlhao, P., Diomedi-

Camassei, F., Herold-Mende, C., Giangaspero, F.,

Rushing, E., Giannini, C., Korshunov, A., Jones,

D.T.W. & von Deimling, A. (2018) FGFR1:

TACC1 fusion is a frequent event in molecularly

defined extraventricular neurocytoma. Acta Neu-

ropathologica, 136, 293–302.

Sood, R., Kamikubo, Y. & Liu, P. (2017) Role of

RUNX1 in hematological malignancies. Blood,

129, 2070–2082.

Walker, L.C., Stevens, J., Campbell, H., Corbett,

R., Spearing, R., Heaton, D., Macdonald, D.H.,

Morris, C.M. & Ganly, P. (2002) A novel inher-

ited mutation of the transcription factor RUNX1

causes thrombocytopenia and may predispose to

acute myeloid leukaemia. British Journal of Hae-

matology, 117, 878–881.

Correspondence

ª 2020 British Society for Haematology and John Wiley & Sons Ltd 5


