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Abstract. The SET nuclear proto‑oncogene (SET)‑nucleo-
porin (NUP)214 fusion gene, which results from cryptic 
t(9;9)(q34;q34) or del(9)(q34.11q34.13), is a rare genetic event 
in hematological malignancies. The majority of patients 
carrying SET‑NUP214 experience T‑cell acute lymphoblastic 
leukemia (T‑ALL), but rarely experience acute undifferenti-
ated leukemia or acute myeloid leukemia. The current study 
presents the case of a 19‑year‑old male patient with B‑cell 
ALL (B‑ALL) carrying the SET‑NUP214 fusion gene, in 
addition to an fms‑related tyrosine kinase 3‑internal tandem 
duplication mutation and a complex karyotype abnormality. 
The patient exhibited chemotherapy resistance. To the best of 
our knowledge, the present study is the first report of a case of 
B‑ALL carrying the SET‑NUP214 fusion gene, and provides a 
review of the literature.

Introduction

Recurrent genetic abnormalities are diagnostic and prognostic 
markers that enable the classification of acute leukemia into 
distinct categories and aid the selection of treatment (1‑3). 
Cryptic t(9;9)(q34;q34) and del(9)(q34.11q34.13) are rare genetic 
abnormalities that lead to the formation of the SET nuclear 
proto‑oncogene (SET)‑nucleoporin (NUP)214 fusion gene, 
which is a marker of acute leukemia (1‑12). SET‑NUP214 was 
first detected in a patient with acute undifferentiated leukemia 
(AUL) (1), and later detected in two patients with acute myeloid 
leukemia (AML) (2,5). Recent increasing evidence supports 
an association between SET‑NUP214 and pediatric and adult 
T‑cell acute lymphoblastic leukemia (T‑ALL) with a frequency 
of ~3.3‑10.3% (3,4,6‑12). Gorello et al (4) reported an estimated 
incidence of SET‑NUP214 in adult T‑ALL patients of 4.6% 
(7/152 cases)  (4). The current typical treatment for T‑ALL 

patients with SET‑NUP214 is allogeneic hematopoietic stem 
cell transplantation (allo‑HSCT), as chemotherapy resistance 
is common (12). The 3‑year overall survival (OS) rate was 
reported to be 73% in 9 patients who received allo‑HSCT (12). 
In addition, compared with SET‑NUP214‑negative patients, 
SET‑NUP214‑positive patients demonstrated a significantly 
increased rate of corticosteroid and chemotherapy resistance; 
however, this was not observed to negatively influence clinical 
outcome following allogeneic transplantation (12). However, 
there is not sufficient information on the clinical characteristics 
and treatment outcomes of patients carrying the SET‑NUP214 
fusion gene (1‑12). Furthermore, to the best of our knowledge, 
no case of B‑cell ALL (B‑ALL) carrying the SET‑NUP214 
fusion gene has been reported thus far.

In the present study, the first case of B‑ALL carrying 
the SET‑NUP214 fusion gene is reported, and the literature 
regarding patients with SET‑NUP214 is reviewed in order to 
provide a comprehensive profile of this rearrangement.

Case report

On August 14, 2014, a 19‑year‑old man was referred to the 
Peking University People's Hospital (Beijing, China) with 
complaints of recurrent fever, fatigue, dizziness and paleness 
during the previous month. Clinical examination revealed 
systemic superficial lymph node enlargement, tenderness of the 
sternum and severe splenomegaly (subcostal, 11 cm). Periph-
eral blood count revealed a white blood cell (WBC) count of 
217x109 cells/l, hemoglobin count of 78 g/l and platelet count 
of 40x109 cells/l consisting of 92.5% blasts. The bone marrow 
displayed hypercellularity and diffuse infiltration of leukemic 
lymphoblasts (93.5%). Histochemical staining revealed peroxi-
dase negative (100%) and periodic acid Schiff positive staining 

(weak staining, 60%; moderate staining, 15%; and strong 
staining, 1%). Immunophenotypic analysis revealed that the 
bone marrow cells were human leukocyte antigen‑antigen D 
Related (HLA‑DR)+, cluster of differentiation (CD)34+, CD38+, 
CD58+, cytoplasmic (c)CD79a+, CD19+ (dim), CD22+ (dim), 
CD33+, CD13+, CD7+, CD11b+, CD10‑, CD117‑, cCD3‑, CD3‑, 
CD4‑, CD8‑, CD20‑, CD25‑, CD103‑, CD14‑, CD64‑, CD11c‑, 
FMC7‑, c myeloperoxidase (MPO)‑, c immunoglobulin (Ig)
M‑, Igκ‑ and Igλ‑. The antibodies used for the present analysis 
were all monoclonal mouse anti‑human and did not require 
dilution. The volume of each antibody added was 20 µl for 
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5x105 cells, and cells were incubated in 1% bovine serum 
albumin and phosphate‑buffered saline (Sigma‑Aldrich, 
St. Louis, MO, USA) at room temperature for 15 min. The 
antibodies were directed against the following proteins: 
CD58 (catalog no. IM1218U), cCD79a (catalog no., IM2221), 
CD7 (catalog no., A07755), CD4 (catalog no., A07751), CD8 
(catalog no.,  A07756), CD14 (catalog no., IM0645U) and 
CD64 (catalog no., IM3601U) (all purchased from Beckman 
Coulter, Inc., Brea, CA, USA); HLA‑DR (catalog no., 340549), 
CD34 (catalog no., 348053), CD38 (catalog no., 345807), 
CD19 (catalog no., 340437), CD22 (catalog no., 347577), 
CD33 (catalog no., 340474), CD13 (catalog no.,  347837), 
CD11b (catalog no., 340937), CD117 (catalog no., 340529), 
CD20 (catalog no.,  347673), CD25 (catalog no., 341009), 
CD11c (catalog no., 340544), FMC7 (catalog no., 340919), 
MPO (catalog no., 340580), CD10 (catalog no., 555375), cCD3 
(catalog no., 555333), Igκ (catalog no., 561325), Igλ (catalog 
no., 555793), CD103 (catalog no., 550260) and cIgM (catalog 
no., 562030) (all purchased from BD Biosciences, San Jose, 
CA, USA). The karyotype of the bone marrow cells was 
56,XY,+6,+8,+12,+13,+15,+19,+20,+21,+21,+mar(1)/45‑49 and 
48,XY,+12,+15,+16,i(17)(q10),+21,+22,+mar2(cp5)/46,XY (4). 
Multiplex reverse transcription‑polymerase chain reaction 
(RT‑PCR) of the bone marrow cells revealed the presence 
of a SET‑NUP214 fusion transcript of 393 base pairs and an 
fms‑related tyrosine kinase 3‑internal tandem duplication 
(ITD) mutation. Subsequent cloning and sequencing confirmed 
the fusion of exon 7 of the SET gene and the exon 18 of the 
NUP214 gene. Therefore, the patient was diagnosed with 
B‑ALL and SET‑NUP214 rearrangement. The patient then 
received induction chemotherapy with cyclophosphamide, 
vindesine, daunorubicin and prednisone (COPD) regimen 
(cyclophosphamide, 750 mg/m2, day 1; vindesine, 4 mg/m2, 
days 1, 8, 15 and 22; daunorubicin, 40 mg/m2, days 1‑3; predni-
sone, 1 mg/kg, days 1‑28). The proportion of lymphoblasts was 
96.0% of blood cells (normal, 0%) and 97.5% of bone marrow 
cells (normal, 0‑0.5%) following one  week of induction 
chemotherapy, and 6.0 and 34.0%, respectively, three weeks 
later. However, the patient did not achieve complete remis-
sion, and is currently awaiting for allogeneic hematopoietic 
stem cell transplantation (allo‑HSCT). The present report was 
conducted in accordance with the guidelines of the Declara-
tion of Helsinki, and informed consent was obtained from the 
patient.

Clinical characteristics of acute leukemia associated with 
SET‑NUP214 based on a review of the literature. Including the 
present case, a total of 42 patients with acute leukemia carrying 
SET‑NUP214 have been reported to date (Table  I). These 
patients presented different subtypes of leukemia, including 
T‑ALL (38/42; 90.5%), AUL (2/42; 4.8%), AML (1/42; 2.4%) 
and B‑ALL (1/42; 2.4%). The incidence of SET‑NUP214 
among patients with T‑ALL was observed to be 3.3‑10.3%. 
The median age was 27.5 years (range, 8.0‑56.0 years), and 
72.5% (29/40) of cases were men. The median WBC count 
was 30.9x109 cells/l (range, 1.5‑604.4x109 cells/l). The median 
percentage of leukemic blasts in the bone marrow was 91.0% 
(range, 82.0‑97.0%). The common immunophenotype was 
CD34+ (22/27; 81.5%), CD33+ (25/29; 86.2%), cCD3+ (25/26; 
96.2%), CD7+ (29/29; 100.0%) and CD13+ (9/19; 47.4%). Of 

31 patients, 38.7% (12/31) carried a normal karyotype, 32.3% 
(10/31) carried a complex karyotype, 3.3% (1/31) carried 
t(9;9)(q34;q34) and 25.8% carried other type of karyotype. 
Interphase and metaphase fluorescence in situ hybridization 
(FISH) analysis using Vysis LSI BCR/ABL Dual Color Dual 
Fusion Translocation Probe (Abbott Molecular, Des Plaines, 
IL, USA) revealed del(9)(q34)/ABL in 20  patients whose 
results were available. Molecular abnormalities included 
mutations in NOTCH1 and plant homeodomain‑like finger 
(PHF)6 and overexpression of homeobox  A (HOXA) in 
91.7% (11/12), 66.7% (4/6) and 100.0% (17/17) of the patients 
analyzed, respectively. The median survival duration of the 
patients who received allo‑HSCT was 49.0 months, compared 
with 24.0 months for those who received chemotherapy, and 
the estimated 3‑year OS was 72.7% and 40.0%, respectively, 
for patients who received allo‑HSCT vs. those who received 
chemotherapy. When the patients that received allo HSCT and 
chemotherapy together were pooled, the estimated 3 year OS 
was 58.5%.

Discussion

The formation of the SET‑NUP214 fusion gene is 
caused by del(9)(q34.11q34.13)  (3‑5,8‑10), or occasion-
ally t(9;9)(q34;q34) (1,5). The SET‑NUP214 fusion gene has 
been previously reported in T‑ALL, but rarely in AML and 
AUL (1‑12). However, it has not been be reported thus far in 
B‑ALL. In the present study, the first case of B‑ALL carrying 
the SET‑NUP214 fusion gene is reported, and a review of the 
literature is conducted.

Due to its rarity, the clinical characteristics and outcome 
of the SET‑NUP214 rearrangement remain to be elucidated. 
To date, solely 42 cases carrying SET‑NUP214, including the 
present case, have been reported. The majority of these patients 
experienced T‑ALL (38/42; 90.4%), while other subtypes of 
leukemia accounted for <10%, including AUL (4.8%), AML 
(2.4%) and B‑ALL (2.4%). Ben Abdelali et al (12) reported 
an incidence of SET‑NUP214 of ~5.6% among 196 patients 
with T‑ALL, which was slightly lower than that reported by 
previous studies in China and Korea concerning 59 (10.3%) and 
40 (10.0%) patients with T‑ALL, respectively (8,10). According 
to previous studies, the incidence of SET‑NUP214 among 
patients with T‑ALL appears to be ~3.0‑10.3% (3,4,7,8,10,12).

In previous studies, the clinical presentation of patients 
with T‑ALL carrying SET‑NUP214 was not distinct from 
those not carrying SET‑NUP214 (11). However, lymph node, 
spleen or liver enlargement and mediastinal involvement were 
frequently detected (2,9). The median age of these patients 
was 27.5 years, and male patients accounted for 72.5% of all 
cases. Their median WBC count was 30.9x109 cells/l, and the 
median percentage of leukemic blasts in the bone marrow 
was remarkably high (82.0‑97.0%), which may reflect the high 
proliferation status of this rearrangement.

The most remarkable immunophenotype of the leukemic 
cells carrying the SET‑NUP214 fusion gene was typically 
extreme immaturity, including expression of CD34, a specific 
marker for stem and progenitor cells, and CD7, a characteristic 
marker of immature T‑cells, in 81.5 and 100.0% of patients, 
respectively (9). Additionally, myeloid markers such as CD33 
and CD13, the expression of which has been reported in 
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19.0% (43/227) of T‑ALL cases (13), were highly expressed 
in 86.2% and 47.4% of patients with SET‑NUP214, respec-
tively (13). The consistent expression of myeloid markers in 
the SET‑NUP214 T‑cell blasts suggests that malignant trans-
formation may have occurred in cells arrested at early stages 
of myeloid or T lymphoid differentiation (10). The patient of 
the present case, despite presenting B‑ALL, also exhibited a 
common T‑cell immunophenotype, including CD34+, CD33+, 
CD13+ and CD7+. The reason why the SET‑NUP214 rear-
rangement typically induces the expression of myeloid lineage 
markers such as CD33 and CD13 remains unknown, and must 
be explored in future studies.

It  has been previously repor ted that  crypt ic 
del(9)(q34.11q34.13) and t(9;9)(q34;q34) are difficult to detect 
by analysis of the chromosomal karyotype using conventional 
G‑banding  (4). According to the literature, only 1  out of 
31 patients was identified to carry t(9;9)(q34;q34) using the 
above method  (1‑12). By contrast, FISH analysis detected 
the majority of patients carrying SET‑NUP214 (3‑5,8‑10,12). 
Using a commercially available Abelson murine leukemia 
viral oncogene homolog 1 (ABL1) probe, all the SET‑NUP214 
cases associated with del(9)(q34) were identified (4). There-
fore, the use of ABL1 FISH for patients with T‑ALL is 
recommended, due to the cryptic nature of this rearrangement, 
followed by confirmation via multiplex RT‑PCR to identify the 
SET‑NUP214 fusion gene. The latter method has enabled the 
identification of a number of patients with the SET‑NUP214 
fusion gene (7,9,11,14).

To date, the detailed mechanism by which SET‑NUP214 
mediates leukemogenesis has not been fully elucidated. 
Ozbek  et  al  (15) observed expansion of an early progen-
itor cell pool and partial depletion of lymphocytes in 
SET‑NUP214‑carrying mice, although these animals were not 
prone to leukemia and did not exhibit shortening of disease 
latency following retroviral tagging. These results suggest that 
the SET‑NUP214 fusion gene may determine the primitive 
phenotype of the disease, while secondary genetic lesions 
may be required for the development of the disease (15). SET, 
also referred to as TATA box binding protein‑associated 
factor 1, was reported to be a putative oncogene that partici-
pates in transcription by modulating the organization of 
chromatin (16). SET is a component of inhibitor of histone 
acetyltransferase (INHAT), which participates in transcrip-
tional activation  (17). The NUP214 gene, also referred to 
as CAN, maps to chromosome 9q34, and codes for a NUP 
containing phenylalanine‑glycine repeats that resides in the 
cytoplasmic face of the nuclear pore complex and is impli-
cated in nucleocytoplasmic transport, including the import 
and export of messenger RNA (18). NUP214 participates in 
development and possibly in leukemogenesis (18,19). Overex-
pression of the HOXA gene has been proposed to be crucial 
for leukemic transformation (3). In addition, mutations in the 
PHF6 and NOTCH1 genes are frequently observed in patients 
with T‑ALL carrying SET‑NUP214, which may represent 
potential secondary genetic lesions of the leukemogenic 
event (3,4,8,9,20).

Previous studies have indicated a poor treatment response 
and prognosis among patients carrying the SET‑NUP214 
fusion gene who were treated with chemotherapy (4,5,8,11). 
SET‑NUP214+ patients exhibited marked resistance to 

corticosteroids and chemotherapy in response to induction 
therapy (11), which may be due to a combination of various 
concomitant molecular events and complex genetic aber-
rations. In the case of the present report, the proportion of 
lymphoblasts following one  week of conventional CODP 
chemotherapy was 96.0% of blood cells and 97.5% of bone 
marrow cells, and non‑response was detected subsequently to 
the treatment, which is in agreement with the corticosteroid 
and chemotherapy resistance previously reported in patients 
with SET‑NUP214 (12), and indicated poor prognosis. Of all 
the SET‑NUP214 cases reported to date, clear outcome infor-
mation was only available for 36 patients. The median survival 
time of the patients was 49.0  months, and the estimated 
3‑year OS was 72.7%. It has been previously reported that 
the outcome of SET‑NUP214+ patients was similar to that of 
SET‑NUP214‑ patients following allo‑HSCT, suggesting that 
the latter is the most suitable treatment strategy for patients 
carrying SET‑NUP214. The patient of the present case report 
is currently undergoing a second course of induction therapy 
and awaiting for allo‑HSCT.

In conclusion, the present report demonstrates that 
SET‑NUP214 is a recurrent oncogenic fusion gene associ-
ated with certain high risk factors and poor treatment 
response in adult patients. Due to the limited number of 
cases of SET‑NUP214 B‑ALL, an improved understanding of 
SET‑NUP214 rearrangement, including its frequency, prog-
nostic significance and certain clinical characteristics, would 
aid to define a novel specific subtype of acute leukemia and 
guide its treatment, since at present, HSCT is the best available 
treatment strategy for SET‑NUP214+ patients with ALL.
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