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PAX5 plays a critical role in B-cell precursor development and is involved in various
chromosomal translocations that involve the fusion of a portion of PAX5 to at least 49
different partners reported to date. Here, we identified a novel PAX5 fusion transcript in a
Ph-positive mixed phenotype acute leukemia case with dic(7;9)(q13;913), in which a
translocation juxtaposes the 5’ region of PAX5 and the ubiquitin-conjugating enzyme
E2D4 (UBE2D4) to generate a PAX5-UBE2D4 fusion gene. To further explore the general
characteristics and function of PAX5-UBE2D4, we cloned the full-length cDNA, which was
amplified from the bone marrow of the patient. Interestingly, the fusion was located in the
nucleus and negatively affected PAX5 transcription activity. Importantly, the fusion
promoted tumor growth in nude mice and the proliferation of NIH3T3 cells in vitro. In
conclusion, the fusion resulted in partial oncogenic activity, in contrast to the tumor
suppressor activity of wild-type PAX5.

Keywords: Pax5, UBE2D4, MPAL, BCR/ABL, dic(7;9)

INTRODUCTION

The transcription factor PAX5 plays a critical role in B-cell development and differentiation and has
been considered to function as a tumor suppressor in B cell precursor acute lymphoblastic leukemia
(BCP-ALL). PAX5 alterations, including deletions, mutations, and rearrangements, occur in
approximately 30% of BCP-ALL cases. Chromosomal rearrangements account for 2-3% of cases
(1-3). It has been well reported that a number of PAX5 rearrangements give rise to in-frame fusion
transcripts that encode chimeric proteins that consistently retain the PAX5 DNA binding domain at
the N terminus, but the C-terminal regions are derived from various partners, including
transcription factors, kinases and structural proteins (4-8). To date, at least 58 fusions have been
identified, and most of them have been found in association with BCP-ALL (9). Only a limited
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number of the reported fusions were recurrent, such as PAX5-
ETV6, PAX5-ELN, and PAX5-PML, while most have been found
in single cases, such as PAX5/ASXL1 and PAX5/FOXP1 (9). In
addition, half of the rearrangements have resulted in PAX5
fusions to genes in the opposite orientation, out-of-frame
fusions or the expression of truncated isoforms (6). Here, we
first identified a novel chromosomal dic(7;9) (p13;p13)
translocation in a Ph-positive mixed phenotype acute leukemia
(MPAL) patient, resulting in a PAX5 out-of-frame fusion with
the ubiquitin-conjugating enzyme E2D4 (UBE2D4), which
functions as a truncated PAX5. In addition, the fusion showed
partial oncogenic activity, which was in contrast with the tumor
suppressor ability of wild-type (WT) PAXG5.

CASE DESCRIPTION

A 16-year-old boy was referred to our hospital in January 2010
with recurrent fever and weakness for one month. Physical
examination indicated axillary lymphadenopathy and
hepatosplenomegaly without anemic conjunctiva. The
peripheral blood counts at diagnosis revealed multilineage
cytopenia: hemoglobin 12 g/dL, white blood cells (WBCs)
12.87 x 109/L, and platelets 31 x 109/L. Bone marrow (BM)
aspiration showed hypercellularity with 89.2% blasts and
lymphatic changes. Flow cytometric analysis revealed that
23.4% of the BM blast cells were positive for HLA-DR, CD10,
CD20, CD19, CD13, CD33, CD34, MPO and CD79a but
negative for CD117, CD14, CD15, CD2, CD3, and CD7
(Supplementary Figure 1). Then, the patient was diagnosed
with MPAL with co-expression of myeloid and B lymphoid
lineage antigen according to the 2016 WHO classification. The
karyotype of the bone marrow cells was 45, XY, dic(7;9)(p11-13;
p13), t(9;22)(q34;q11) (8) /46, XY (9). The BCR/ABL (p190)
fusion gene was detected by multiplex reverse transcription-
polymerase chain reaction (RT-PCR), thereby confirming the
diagnosis of Ph-positive mixed phenotype acute leukemia. The
patient accepted tyrosine kinase inhibitor therapy and achieved
remission, which was followed by 2 DVP chemotherapy sessions
(with 70 mg daunorubicin, 4 mg vincristine and 20 mg
dexamethasone). Unfortunately, the patient finally had a
cytological relapse in the bone marrow and died 5 months
after the initial diagnosis.

DISCUSSION AND CONCLUSION

Based on the karyotype of the patient, array comparative
genomic hybridization (array-CGH) analysis was performed,
and the results indicated that the breakpoints were located in
the PAX5 and UBE2D4 genes and revealed the deletion of large
parts of 9p and 7p (Figure 1A). When using the FISH
(fluorescent in situ hybridization) probes RP11-652D9 and
RP11-344B23 corresponding to the 5" and 3’ sequences of the
PAXS5 gene, respectively, we observed a red signal and a yellow

signal, which was consistent with the results of the array-CGH
analysis (Figure 1B and Supplementary Figure 2). Then, RT-
PCR amplification revealed the presence of PAX5-UBE2D4
fusion transcripts (Supplementary Figure 3). Sanger
sequencing confirmed the out-of-frame fusion of PAX5 exon 7
(NM_016734) with UBE2D4 exon 2 (NM_015983.4), resulting
in the analogous truncated PAXS5 protein with the DNA binding
(PBD) domain, OCT domain and homeodomain (HD) of PAX5
and an additional 19-amino acid tail, which does not correspond
to any predicted functional domain (Figure 1C).

To investigate the function of the fusion, we amplified the
full-length ¢cDNA sequence of PAX5 and UBE2D4 that was
retained in the fusion found in the patient, cloned it into a
lentiviral vector (LV5, GenePharm Inc., Shanghai) and the
pcDNA3.1 vector, and fused it with a 3xFLAG-tag. As
Figure 1D shows, we observed nuclear localization of the
fusion, which was expected since the fusion retained the
nuclear localization signal of PAX5 (Figure 1D and
Supplementary Figure 4). Furthermore, we co-transfected
293T cells with the CD19 promotor-LUC construct (PGL3),
pcDNA-PAXS5 and increasing amounts of the pcDNA-PAXS5-
UBE2D4 (PU) construct. The transcription of the luciferase
reporter gene was significantly downregulated in the presence
of the expression of PU alone compared with that observed in the
presence of wt-PAXS5 (Figure 1E). In addition, after concomitant
transfection of wt-PAX5 and PU, PAX5-driven reporter gene
transcription was downregulated (Figure 1E), indicating the
dominant-negative activity of PU. To investigate the function
of PU, HEL cells were transfected with PU (HEL-PU) and the
vector (HEL-LV5). Then, the cells were subcutaneously injected
into 6- to 8-week-old female nude mice (n=6-11). A total of
45.5% (5/11) of mice engrafted with HEL-PU cells developed
tumors, which was obviously greater than the number of mice
who developed tumors in the control (HEL-LV5, 33.3%, 2/6)
group (Figures 2A, B). The mean volume of the tumors in the
PU cohort was much larger than the control cohort (Figure 2C).
In addition, the mean weight of the tumors in the HEL-PU group
was the heaviest when compared with control group
(Figure 2D). In contrast, the PU fusion showed at least partial
oncogenic activity. Furthermore, NIH-3T3 cells expressing the
PU fusion grew significantly faster than the control cells over
72 h and showed an increase in the number of colony forming
units compared with the vector control-expressing cells
(Figures 2E, F).

Dicentric (7;9)(p11-p13;p11-p13) is a very rare but recurrent
abnormality in BCP-ALL patients as well as a limited number of
cases involving PAX5 rearrangement. Indeed, we identified only
7 cases of dic(7;9) from among approximately thousands of cases
with karyotypic data (Supplementary Table 1). Most cases with
the translocation, dicentric abnormality or derivatives of
chromosomes 7 and 9 involving PAX5 rearrangement mainly
presented PAX5-LOC392027, PAX5-POM121, PAX5-ELN, and
PAX5-AUTS2 (4, 8-14). Some aberrant PAX5 transcripts have
also been reported, such as a case of MPAL that harbored der(9)t
(7:9)(q11.2;p13) (10). To our knowledge, this is the first case of
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FIGURE 1 | (A) Array comparative genomic hybridization showing the breakpoints of 9p13/PAX5 and 7p13/UBE2D4. (B) FISH assay showing the splitting of the N terminus
(green, RP11-344B23) and C-terminus (red, RP11-652D9) of WT PAXS. (C) Sanger sequencing confirmed that PAX5 exon 7 was fused out-of-frame with UBE2D4 exon 2,
and the schematics show the domains of the PAX5-UBE2D4 (PU) fusion protein, including PBD (DNA-binding domain), OP (octapeptide motif), NLS (nuclear localization
sequence) and HD (homeodomain), and an additional 19-amino acid tail encoded by the UBE2D4 gene. (D) Nuclear localization of the PU fusion protein as shown by a
nucleus and cytosol separation assay. (E) The transcription activity of the PU fusion and its dominant negative effect on PAX5 transcription activity based on the CD19
promoter luciferase reporter assay. P values are from Fisher’s exact test. *P < 0.05, P < 0.01.

PAXS5 rearrangement in a Ph-positive MAPL patient with dic
(7;9). Previous studies showed that most malignant cells carrying
PAXS5 fusions displayed a simple karyotype (6). Coexistence of
the t(9;22)(q34;q11) translocation, which resulted in the

formation of the BCR-ABL1 p190 fusion in this study, might
contribute to the cytogenetic complexity and suggest a poor
prognosis. The partner genes involved in the PAX5 fusions were
heterogeneous, but a partner involving a ubiquitin-related gene
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FIGURE 2 | The oncogenic activity of the PAX5-UBE2D4 (PU) fusion. (A) PAX5-UBE2D4 (PU) increases the number of tumors generated by subcutaneous injection
of HEL cells into nude mice. (B, C) The sizes of the tumor masses and tumor weights (D) after injection of HEL cells expressing the indicated genes. (E) PU fusion
promotes the proliferation and colony formation (F) of NIH-3T3 cells. P values are from Fisher’s exact test. *P < 0.05, **P < 0.01.

was the first to be reported. Previous reports indicated that half
of the PAX5 fusion genes gave rise to truncated PAX5 proteins,
including those involving out-of-frame fusions (6). Consistently,
the PAX5-UBE2D4 fusion showed the competitive inhibition of
wt-PAX5 transactivating activity, similar to truncated PAX5.
Furthermore, the PAX5-UBE2D4 fusion presented oncogenic
activity in a nude mouse model. In contrast, WT PAX5 showed
tumor suppressive ability both in vivo and in vitro.

PATIENT PERSPECTIVE

Since the diagnosis, the patient received and understood the
cause of his illness, and the possible cause of premature death.
Ultimately, he hoped to get the right treatment.
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