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Abstract 

Background Acute myeloid leukemia (AML) is the second most common type of leukemia in children. Although 
prognostic and diagnostic tests of AML patients have improved, there is still a great demand for new reliable clini-
cal biomarkers for AML. Read-through fusion transcripts (RTFTs) are complex transcripts of adjacent genes whose 
molecular mechanisms are poorly understood. This is the first report of the presence of the PPP1R1B::STARD3 fusion 
transcript in an AML patient. Here, we investigated the presence of PPP1R1B::STARD3 RTFT in a case of AML using 
paired-end RNA sequencing (RNA-seq).

Case presentation A Persian 12-year-old male was admitted to Dr. Sheikh Hospital of Mashhad, Iran, in September 
2019 with the following symptoms, including fever, convulsions, hemorrhage, and bone pain. The patient was diag-
nosed with AML (non-M3-FAB subtype) based on cell morphologies and immunophenotypical features. Chromo-
somal analysis using the G-banding technique revealed t (9;22) (q34;q13).

Conclusions Single-cell RNA sequencing (scRNA-seq) analysis suggested that the PPP1R1B promoter may be respon-
sible for the PPP1R1B::STARD3 expression. Alterations in the level of lipid metabolites implicate cancer development, 
and this fusion can play a crucial role in the cholesterol movement in cancer cells. PPP1R1B::STARD3 may be consid-
ered a candidate for targeted therapies of the cholesterol metabolic and the PI3K/AKT signaling pathways involved 
in cancer development and progression.
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Introduction
Acute myeloid leukemia (AML) is a hematologic 
malignancy of myeloid progenitor cells that accounts 
for 15–20% of pediatric leukemias [1]. It is a complex 
genetic disorder with multiple fusion genes that regu-
late cell proliferation, differentiation, and apoptosis [2]. 
Fusion genes are genomic and transcriptional abnor-
malities associated with these fusion loci that can 
potentially lead to tumor formation and are utilized as 
diagnostic, prognostic, and therapeutic targets for AML 
patients [3, 4]. Currently, there are several techniques 
for the identification of fusion genes, including fluo-
rescence in  situ hybridization (FISH), whole-genome 
sequencing (WGS), and transcriptome analysis [5, 6]. 
Transcriptome analysis using the RNA-seq method 
is the best approach to identify novel fusion or chi-
meric (the transcripts generated via gene fusion and 
trans-splicing) transcripts for AML diagnosis [7–9]. 
The PPP1R1B::STARD3 is a chimeric transcript gener-
ated via RNA processing resulting from the splicing of 
two adjacent pre-mRNAs in the same direction with-
out chromosomal abnormalities [10–12]. It has been 
indicated that the frequency of PPP1R1B::STARD3 
is approximately 21.3% and 8.3% in gastric and breast 
cancer patients, respectively [11, 12]. This chimeric 
RNA is the product of a read-through event between 
the PPP1R1B and STARD3 genes separated by 455  bp 
at chr17:q12 [12]. The fusion site is usually between 
exon 6 of PPP1R1B and exon 2 of STARD3 [11–13]. 
Protein Phosphatase 1 Regulatory (Inhibitor) Subu-
nit 1B (PPP1R1B), as a dopamine and cAMP regulated 
phosphoprotein 32  kDa (DARPP-32), was discovered 
in the brain and plays a key role in brain signaling and 
physiological processes. Moreover, t-DARPP, the trun-
cated splice isoform, is expressed in tumor cells of gas-
tric, breast, prostate, colon, and stomach cancers [12, 
14–17]. The StAR-related lipid transfer protein domain 
3 (STARD3), as a member of the steroidogenic acute 
regulatory-related lipid transfer (START) protein fam-
ily, plays a critical role in the transfer of lipids through 
both vesicular and non-vesicular pathways. Due to 
the importance of lipid metabolism in cancer cells, 
any change in the expression of these metabolites may 
contribute to cancer progression [18]. Overexpression 
of PPP1R1B::STARD3 may increase cancer cell prolif-
eration and tumorigenesis by activating the PI3K/AKT 
pathway [12].

Here, we identified a PPP1R1B::STARD3 fusion tran-
script in a 12-year-old Iranian boy with AML by tran-
scriptome analysis and confirmed it using q-PCR and 
Sanger sequencing, suggesting that it may be a novel 
biomarker in AML. Moreover, single-cell RNA sequenc-
ing (scRNA-seq) analysis was used to infer the expression 

pattern of STARD3 and PPP1R1B subclones according to 
different AML cell populations and normal samples using 
public scRNA-seq expression matrix data.

Case presentation
A Persian 12-year-old male was admitted to Dr. Sheikh 
Hospital of Mashhad, Iran, in September 2019 with the 
following symptoms, including fever, convulsions, hem-
orrhage, and bone pain. The peripheral blood examina-
tion determined 173.4  K/L white blood cells (WBC) 
with 86% blast cells, 10 g/dl hemoglobin (Hb), and 19 × 
10^9/L platelets. The bone marrow aspiration revealed 
hypercellularity and a notable decrease in the number of 
mature myeloid cells and megakaryocytes in the presence 
of 75% blast cells. Immunophenotyping of the bone mar-
row sample was carried out by a flow cytometer (Attune 
NxT, ThermoFisher, USA), and data were analyzed using 
FlowJo v7.6 software (Tree Star, Ashland, OR). The cells 
were positive for CD45 (95%), HLA-DR (76%), CD33 
(41%), and CD34 (94%) markers, while they were nega-
tive for CD19 (< 1%), CD3 (8%), CD5 (< 1%), CD10 (3%), 
CD20 (< 1%), CD61 (< 1%), CD71 (3%), and CD117 
(< 1%) markers. The patient was diagnosed with AML 
(non-M3-FAB subtype) based on cell morphologies and 
immunophenotypical features. Bone marrow evaluation 
revealed an abnormal male chromosome complement 
composite karyotype with translocation between chro-
mosomes 9 and 22 in 15 metaphases of 15 cells exam-
ined (t (9;22)(q34; q13)). The patient received induction 
chemotherapy. However, he died a few months after 
the diagnosis.

RNA sequencing, RT‑PCR, and Sanger sequencing
Total RNA was extracted from the bone marrow mono-
nuclear cells (BMMNCs) using the Tripure reagent 
(Roche, Mannheim, Germany) according to the manufac-
turer’s instructions. The RNA-seq libraries were prepared 
using a KAPA HyperPrep kit with RiboErase (HMR) and 
RNA-seq was performed with 100 million paired reads 
on the NovaSeq 6000 platform (Illumina) (CeGaT com-
pany, Tubingen, Germany). FusionCatcher software v1.20 
[19], a Python-based tool, was exploited to investigate 
the fusion transcripts, identifying read-through fusion 
transcripts (RTFTs) between PPP1R1B (NM_032192.4) 
and STARD3 (NM_006804.4) transcripts. A complete list 
of fusions is provided in Additional File 1: Table S1. An 
overview of all 234 fusion events detected by Circos, a 
software package for data visualization [20], as well as the 
location of both genes involved in the PPP1R1B::STARD3 
fusion on chromosome 17 using the chimeraviz pack-
age v1.24.0 [21] in R is shown in Fig.  1A, B. To further 
confirm this finding, we analyzed an RNA-seq data pro-
file (GSE142514) for 35 samples of AML and identified 
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the PPP1R1B::STARD3 fusion (2.8%). A complete list of 
fusion transcripts identified by FusionCatcher is avail-
able in Additional File 2: Table  S2. The oncogenicity of 
fusions was assessed by DEEPrior v2.0 [22], a deep learn-
ing technique, to investigate the amino acid sequences 
of the fused proteins (Additional File 3: Table  S3). The 
oncogenic potential of the PPP1R1B::STARD3 was pre-
dicted in 64% of fusions, and the oncogenic probability 
of the top selected candidate fusions was depicted via a 
bar plot using ggplot2 package v3.4.0 [23] in R (Fig. 1C). 
The  detection of PPP1R1B::STARD3 fusion transcript 
(PPP1R1B forward primer 5′-TCT GGA TGA GTC CGA 
GAG AGA-3′ and STARD3 reverse primer 5′- GTC 
GAA GGT GAC GAA GAG ACA-3′) was validated by RT-
PCR and Sanger sequencing (Fig.  1D). To gain further 
insight into the exclusivity of the PPP1R1B::STARD3 
fusion, we analyzed two RNA-seq data profiles (including 
GSE115525 and PRJNA589314) for B-cell acute lympho-
blastic leukemia (B-ALL) samples. Interestingly, there 
are  no reports of the presence of PPP1R1B::STARD3 in 
B-ALL patients was found in previous studies and RNA-
seq data. Moreover, the expression levels of PPP1R1B 
and STARD3 were investigated through scRNA-seq 
matrices for three AML and two normal bone marrow 
samples (phs000159) obtained from dbGap [24]. After 
quality control, 35,000 AML cells and 6200 normal cells 
were identified for further analysis. Principal compo-
nent analysis (PCA) was  applied for the variable genes, 
and the uniform manifold approximation and projection 
(UMAP) algorithm was applied for dimensionality reduc-
tion and visualization (Seurat implementation) (Fig. 2).

Results and discussion
 In cancer, it is not uncommon for two or more neigh-
bor genes to be co-transcribed  into  a single mRNA, 
which may leads to  production of a read-through 
fusion transcripts (RTFT)  and potentially, a corre-
sponding fusion protein. These fusion transcripts may 
contain some or all exons from two adjacent genes, 
where the transcription start site is from the upstream 

gene and the termination site is from the downstream 
gene [25, 26]. RTFTs leads to dysregulation of onco-
genes by upregulating of downstream genes, result-
ing in the development of various types of cancer 
[27–29]. Abnormalities of chromosome 17 in AML 
patients are associated with poor prognosis and chem-
otherapy resistance [30–35]. This study introduced 
PPP1R1B::STARD3 as a novel fusion transcript in an 
Iranian AML patient using RNA-seq analysis, which 
identified the PPP1R1B::STARD3 fusion transcript and 
found that this fusion breakpoint is located at a differ-
ent site compared to previous reports. STARD3 plays a 
pivotal role in cholesterol transfer in cancer cells, lead-
ing to cancer cell proliferation and development. Its 
ectopic expression can increase tumor aggressiveness 
in ovarian and breast cancers, suggesting its poten-
tial role in cancer treatment [36, 37]. On the other 
hand, PPP1R1B is involved in gastric and pancreatic 
tumorigenesis [17, 30, 38–42]. PPP1R1B binds BCL-2 
and calcineurin, which contributes to the anti-apop-
totic function of BCL-2 through reducing the inositol 
1,4,5-triphosphate receptor (InsP3R) phosphorylation 
[14, 43]. Evidence suggests that aberrant expression of 
PPP1R1B::STARD3 significantly increases cell prolifera-
tion through the PI3K/AKT signaling pathway [12, 18]. 
Dysregulation of the PI3K/AKT pathway is involved in 
numerous human cancers, including colorectal, breast, 
and hematologic malignancies, indicating the thera-
peutic value of this pathway in cancer treatment [44, 
45]. The UMAP analysis demonstrated that a higher 
proportion of AML samples expressed STARD3 com-
pared to normal samples. Nevertheless, there was no 
significant detection of PPP1R1B expression in either 
normal or AML samples. The results suggest that the 
PPP1R1B::STARD3 fusion transcript may be expressed 
due to abnormal activation of the PPP1R1B promoter. 
The expression of PPP1R1B::STARD3 in solid tumors 
(gastric and breast cancers) and leukaemia, but not 
B-ALL, shows that this fusion transcript may play 
an essential role in cancer development through the 

(See figure on next page.)
Fig. 1 A Circular genomic landscape of detected fusion transcripts in acute myeloid leukemia case using FusionCatcher. The intrachromosomal 
fusion transcripts have been indicated with blue links, while the interchromosomal ones are connected as green ribbons. Protein phosphatase 
1 regulatory (inhibitor) subunit 1B::StAR-related lipid transfer protein domain 3 has been marked with a red colored ribbon. B Fusion plot of Protein 
phosphatase 1 regulatory (inhibitor) subunit 1B::StAR-related lipid transfer protein domain 3 indicating the position of both partner genes involved 
in the fusion event on chromosome 17. The red link indicates the breakpoint between two partner genes with the number of sequencing reads, 
which supports the fusion event. C Bar plot of the oncogenic probability of different candidate fusions predicted by DEEPrior. The oncogenicity 
of Protein phosphatase 1 regulatory (inhibitor) subunit 1B::StAR-related lipid transfer protein domain 3 was predicted by 64%. D Detection of Protein 
phosphatase 1 regulatory (inhibitor) subunit 1B::StAR-related lipid transfer protein domain 3 fusion transcript using RT-PCR. Lane 1: size marker (100 bp 
ladder); lane 2: patient sample; lane 3: negative control. RT-PCR analysis for the Protein phosphatase 1 regulatory (inhibitor) subunit 1B::StAR-related 
lipid transfer protein domain 3 fusion transcript showed a 293 bp band on the agarose gel. Sanger sequencing confirmed fusion between the Protein 
phosphatase 1 regulatory (inhibitor) subunit 1B and StAR-related lipid transfer protein domain 3 genes
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Fig. 1 (See legend on previous page.)
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PI3K-AKT pathway. Taken together, our data may sug-
gest that PPP1R1B::STARD3 contributes to tumorigen-
esis and may be a prognostic marker in AML patients 
with the potential to develop therapeutic targets.

Conclusion
In summary, our data elucidate the first report of the 
PPP1R1B::STARD3 fusion transcript, confirmed by 
Sanger sequencing, in an Iranian AML patient, which 
may be a valuable target for AML diagnosing and treat-
ment. This fusion may avail as a new potential and thera-
peutic biomarker for AML. However, further analysis 
is required to investigate the oncogenic function of the 
PPP1R1B::STARD3  fusion genes and the downstream 
molecular events due to this fusion transcript.
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