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Whole transcriptome
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Previous studies have shown that, the clinical features and prognosis of

ZNF384-rearranged pediatric acute lymphoblastic leukemia (ALL) depend on

its translocation partners. We report two cases of TCF4-ZNF384 fusion, one 6-

year-old girl and one 10-year-old boy, both diagnosed by whole-

transcriptome sequencing, and TCF4 is the newest fusion partner of ZNF384.

As illustrated in this first report of TCF4-ZNF384 fusion in ALL patients, the

identification of patients with ZNF384 rearrangement in ALL patients is critical

to elucidate outcomes associated with a specific rearrangement and to

develop appropriate treatment strategies. In addition, the development of

other methods to detect ZNF384 specific translocation partners and

leukemia specific targeting agents is of great significance to further improve

the prognosis of ALL with ZNF384-rearrangement.

KEYWORDS

acute lymphoblastic leukemia, ZNF384, RNA sequencing, TCF4, pediatic
Introduction

Acute lymphoblastic leukemia (ALL) is the result of clonal proliferation of lymphoid

stem cells or progenitor cells, of which more than 80% are derived from B cells (B-ALL)

(1). Cytogenetic and molecular biological abnormalities play a key role in the

pathogenesis of ALL by affecting cell differentiation, cell cycle, tumor inhibition, and

stem cell self-renewal (2). The detection of these abnormalities can facilitate diagnosis,

risk stratification, and targeted therapy. Next generation sequencing (NGS) has identified
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several novel subtypes of ALL, including the ZNF384 rearrange-

but interestingly, patients with this subtype appear to express a

variety of leukemia phenotypes, including B-ALL (myeloid

markers with or without abnormal expression) and B/myeloid

mixed phenotype leukemia (3). In this regard, ZNF384

rearrangement can be detected in 3-5% of ALL children, and

the clinical features of these children is often determined by the

fusion partner of ZNF384 rather than by ZNF384 itself (3–5).

More than 9 fusion partners of ZNF384, such as EP300, EWSR1,

TCF3, CREBBP and TAF15, have been identified by RNA

sequencing and conventional methods, but the significance of

each fusion partner has not been clarified due to the small

number of reported cases (5).

Recently, TCF4 has been identified as a new fusion partner

of ZNF384. Here we describe two children with TCF4-ZNF384

rearrangement, a novel fusion that has not been reported to date

(6, 7).
Materials and methods

Case presentations

Case-1 was a 10-year-old boy who was admitted to hospital

with bone pain and sallow complexion for more than 1 month.

Blood cell count indicated: white blood cell 18.4×109/L,

hemoglobin 50g/L, platelets 111×109/L. Bone marrow

puncture showed that a group of primitive cells accounted for

about 82.5% of the nuclear cells. Histochemical PAS staining (+),

histochemical POX (-). Flow cytometry analysis of bone marrow

samples showed that CD19 (91%), cCD79a (43%), CD10 (2%),

CD20 (1.4%), CD22 (77%), CD33 (6%), CD116 (21%), CD71

(46%), CD34 (98%), HLA-DR (84%), CD117 (12%), CD38

(97%) were positive, cCD22, CD21, TdT, MPO, CD13were

negative. Case 1 received chemotherapy according to CCCG-

ALL-2020 protocol (Chinese Cancer Cooperative Group) and

achieved complete hematological response (CR) after induction

therapy. MRD of bone marrow was detected on Day19 and

Day46 (MRD<0.01%), the total course of treatment is not yet

finished, and the CR status has been maintained for more than

11 months. There were no serious complications during the

treatment (Table 1).

Case-2 was a 6-year-old girl. Blood cell count indicated: white

blood cell 10.73×109/L, haemoglobin 101g/L and platelets 54×109/L.

Bone marrow puncture showed that a group of primitive cells
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accounted for about 90.8% of nuclear cells, histochemical PAS

staining (+), histochemical POX (-). Flow cytometry analysis of

bonemarrow samples showed that CD19 (69.5%), cCD79a (66.9%),

cCD22 (86.9%), CD22 (99.5%), TdT (46%), CD33 (90%), CD34

(99.5%), HLA-DR (83.8%), CD9 (28.8%), CD123 (52.4%), CD38

(89.1%) was positive and CD10, CD20, CD21, CD13 and MPO

were negative. Case 2 received chemotherapy according to CCCG-

ALL-2015 protocol and achieved complete hematological response

(CR) after induction therapy. MRD of bone marrow was monitored

0.17% on Day19 and 0.02% on Day46. The first course of VDLP

(Vincristine + Prednisone +Daunorubicin + L-asparaginase)

induced poor remission but MRD of follow-up treatment was <

0.01% (once every 6months). At present, the drug has been stopped

for more than 2 years, and the CR status has been maintained for

more than 24 months (Table 1).
Karyotype analysis

White blood cells extracted from patient bone marrow

specimens were cultured (24 and 48 h, without stimulation),

collected, and G-zone slides were prepared using standard

cytogenetic techniques according to specimen specific protocols.
RNA sequencing

Ribozero’s method was used to remove the ribosomal RNA

from the total RNA and then reverse transcription into cDNA,

which was used as a template to construct a library supporting

sequencing. Illumina Hiseq X sequencing platform was used to

test the whole transcriptome level of THE RNA samples of the

subjects. Bioinformatics analysis of gene mutations and gene

fusion: The sequenced fragments were compared with the UCSC

HG19 reference genome by STAR software. Mutation detection

was performed using MuTect2 software. Fusion Catcher was

used for gene fusion prediction.
Results

In case-1, conventional karyotyping showed that all 20 cells

were normal male karyotype (46, XY), RNA.seq detected the

presence of TCF4-ZNF384 fusion, and the 5’-end gene

breakpoint was located at Chr18:52901775, and the 3’-end
TABLE 1 Clinical characteristics of ALL with TCF4-ZNF384 fusion genes.

ID Sex/Age (years) Initial WB Ccount Karyo type Initial risk CNS involvement Current status Status FUP (years)

Case-1 M/10y 18.40×109/L 46, XY IR CNS3 1stCR Alive 1.5

Case-2 F/6y 10.73×109/L 46, XX SR!IR CNS1 1stCR Alive 5
F: female; M: male; WBC: white blood cell; CNS: central nervous system; FUP: follow up; SR, standard-risk; IR: intermediate-risk; CR: complete remission.
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gene breakpoint was located at Chr12:6788691. In addition,

ASXL1 W583fs mutation (mutation frequency: 37.9%) and

FLT3 A680V mutation (mutation frequency: 10.7%) were also

detected. In case 2, conventional karyotyping showed that all 20

cells were normal female karyotype (46, XX), RNA.seq detected

the presence of TCF4- ZNF384 fusion, and the 5’-end gene

breakpoint was located at Chr18:52901779, and the 3’-end gene

breakpoint was located at Chr12:6788691. In addition, FBXW7

mutation was also detected (Figures 1, 2).
Discussion

To the best of our knowledge, this is the first report of two

patients with ALL with a TCF4-ZNF384 fusion. In recent Some
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scholars have suggested that it could be used as a separate group

of B-ALL genetic credit types. In the fusions of ZNF384

discovered to date, the fusion breakpoint of ZNF384 tends to

be concentrated in the 5 ‘UTR region, while the protein domain

of ZNF384 is intact (8), which is also present in these two

patients. Among all of the cases, most functional domains of

TCF4 were lacking in the resulting fusion proteins, while the

complete ZNF384 protein was retained (Figure 2A, C). However,

the role of this fusion in ALL is still unclear due to its rarity.

However, cluster analysis showed that the genetic

characteristics of TCF4-ZNF384 were not clustered together

with other ZNF384-rearrangement, and the characteristics of

these two children were relatively independent in the Heatmap

(Figure 3). In addition, during clinical treatment and follow-up,

we found that the clinical treatment of these two children was
A

B

FIGURE 1

Sanger sequencing of the TCF4-ZNF384 fusion transcript. Both patients' breakpoints were located at exon 16 of TCF4 and exon 3 of ZNF384,
(A) for Case-1 and (B) for Case-2.
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very smooth. There were few adverse events and a complete

remission was maintained in the evaluation and monitoring of

bone marrow, which seemed to support the unique clinical

history of this subtype of children and even predicted a good

prognosis. This is what we learned about this new subtype

through RNA.seq, and it ’s because of technological

innovations that we can more accurately assess the risk of

treatment in children. Unfortunately, due to the small number

of cases, further experimental verification and clinical follow-up

are needed.

Studies have shown that, the immunophenotype of these

children is often determined by the fusion partner of ZNF384

rather than by ZNF384 itself. For example, children with B-ALL

carrying EP300-ZNF384 often have low or noexpression of

CD10, accompanied by significant expression abnormalities of

CD13 and/or CD33. Specific immunophenotypes have also been

observed in other children with ZNF384 fusion, but the

underlying genetic mechanisms need to be elucidated (3,

9).Previous studies have shown that ZNF384-FGS positive
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B-All has a unique transcriptomic gene ex-pression profile,

which is associated with abnormal expression of myeloid

antigens CD13 and/or CD33 (10, 11).Interestingly, there was

no abnormal expression of CD13 or CD33 in case-1 and high

expression of CD33 in case-2, and low expression of CD10 in

both cases, and no other genes clearly associated with B

lymphocyte differentiation were detected in transcriptome

sequencing. At present, there are few systematic studies on

ZNF384- rearrangement B-ALL, and there are limited

literature reports on the prognosis of these patients. The

possible reasons for this difference are still unknown.

In summary, this case illustrates the recognition of TCF4-

ZNF384 in the diagnosis of ALL in children. The incidence of

ZNF384 rearrangement of ALL in children is not high, and it is

difficult to detect by conventional genetic and molecular

biological tests (such as chromosome tests and FISH tests).

However, RNA. seq can often detect these hidden fusions.

Since the ZNF384 specific partner genes are closely related to

the clinical outcome of the children, the identification of ALL
B

C

A

FIGURE 2

Structure of the ZNF384-related fusions. (A) The fusion of TCF4::ZNF384 and TCF4::ZNF384 chimeric protein was produced in case 1-2.
Conserved protein domains (predicted by Pfam, https://pfa-m.xfam.org/) are color coded and shown in the accompanying key. Protein
diagrams were generated using ProteinPaint (https://proteinpaint.stjude.org/). (B) In 33 samples with ZNF384 mutations, nearly half were
ZNF384 fusion transcripts. Among these fusion partners, EP300 and TCF3 were the most common, while the fusion breakpoints of ZNF384
were mainly concentrated in the 5' UTR exon3 region, which almost retained the complete functional domain of ZNF384[5].(https://
proteinpaint.stju-de.org/). (C) Summary of all TCF4::ZNF384 fusion cases described to date.
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patients with ZNF384 rearrangement by RNA.seq and other

techniques is crucial to elucidate the results related to its specific

fusion and develop appropriate therapeutic strategies. Finally,

detection of this unique subtype and defining clinical

characteristics may help better identify treatment options

for patients.
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A

B

FIGURE 3

Gene expression characteristics of TCF4-ZNF384 (A) The red highlights are the two children with this TCF4-ZNF384, which can be seen not
clustered with the other children with ZNF384-fusion. (B) Heatmap of the top 100 genes expressed in TCF4-ZNF384(N=2) and other ZNF384
subtypes (N= 19), as shown in the figure, these two patients are also relatively independent.
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