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Single-cell RNA sequencing of peripheral blood mononuclear cells
from the patient with acute promyelocytic leukemia: a case study
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Acute promyelocytic leukemia (APL), a special type of acute
myeloid leukemia (AML, M3 subtype), is an aggressive
hematological malignancy (1). APL occurs mostly in
the young and middle-aged people, accounting for
approximately 10% of the AML cases. It is characterized by
the unrestricted proliferation of a large number of leukemia
cells in bone marrow and other hematopoietic tissues, with
the significantly inhibited hematopoietic function, causing
the disease develops rapidly with the dangerous clinical
manifestations (2). Bleeding and embolism are prone to
occur during the progression of APL, which is the leading
cause to the death of APL patients. APL used to be the
myeloid leukemia with the highest fatality rate. With the
in-depth research on the pathogenesis and therapy of APL,
the survival rate of APL patients has been greatly improved
under the treatment of retinoic acid (ATRA) and arsenic
trioxide (As2O3) (3). However, the early mortality rate is
still high since the bleeding and disseminated intravascular
coagulation (DIC), the most prominent features of APL,
causing the death in the early stage (4). Therefore, to
control blood coagulation timely is the key to the treatment
in the early stage of APL patients. The early effective
intervention is bound to require the rapid and precise
diagnosis of APL patients. However, the conventional
diagnostic techniques of APL based on the genetics
and morphology are still defective and unstable, such as
occasional misdiagnosis and time-consuming.
Single-cell RNA sequencing (scRNA-seq) is currently
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the most advanced technology in the field of precision
medicine, with a very broad application prospect in the
disease diagnosis (5). This method allows us to quickly and
systematically assess the heterogeneity of various types
of cells from the patient, identifying the disease-related
cells and their genetic and phenotypic characteristics,
especially for those few abnormal cells that occur in the
early stage of the disease (6). Therefore, this method is
particularly suitable for the early detection and companion
diagnosis of diseases, such as APL. There have been
some studies on the single-cell transcriptomics analysis
in AML, but not in APL (7). In this study, we conducted
the single-cell transcriptomics detection method based
on the 10× Genomics Chromium droplet-based platform
to evaluate the single-cell heterogeneity of peripheral
blood mononuclear cells (PBMCs) from the APL patient,
exploring the feasibility of scRNA-seq for the rapid and
precise diagnosis of APL.
The PBMCs was separated from the blood of one APL
patient (female, 27 years old) after the patient’s consent
and the approval of the ethics committee. This patient
presented with skin ecchymosis for 1 month. The complete
blood cell count (CBC) revealed was normal white blood
cell count (WBC of 9.05×109/L), anemia (hemoglobin of
56 g/L) and thrombocytopenia (platelets 32×109/L). The
bone marrow was hyperproliferative (mainly primitive
granulocytes and neutrophils), which was consistent with
the marrow image of AML. The single-cell transcriptomics
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research method was carried out as previously described (8).
The cells that have unique feature counts over 2,500 or less
than 200, and the cells that have >5% mitochondrial unique
molecular identifier (UMI) counts were filtered out in the
process of quality control by using Seurat. The doublets
identified by using DoubletFinder were filtered before
analysis. The gene markers used in this study by referring
to the previous report and the database CellMarker. We
also used the SingleR and Seurat to define clusters via
differential expressed markers. Dimensionality reduction
for visualizing single-cell data was performed based on the
uniform manifold approximation and projection (UMAP)
by using Seurat (9).
In this study, we performed systematic screening analysis
on the single-cell transcriptomes of the PBMCs sampled
from the APL patient (5,888 cells) and healthy people (4,000
cells) (Figure 1). A large difference was observed in the
single-cell transcriptomic clustering between the PBMCs
of APL patient and healthy people (Figure 1A). There
were only 8% of the cells from APL patient clustered with
the normal lymphocyte features. Other 92% of the cells
clustered closely forming a large abnormal cluster, with the
increased promyelocytic cells in peripheral blood uniquely
found in the APL patient compared with the AML patients
and healthy donors in other researches (Figure 1B). The
APL related cells were further clustered into 7 main groups
(0, 1, 3, 5, 6, 13, 16, Figure 1C). Furthermore, the expression
level of the genes related to APL-derived promyelocytes
and DIC were highly expressed in these abnormal cell
clusters (Figure 1D), suggesting the promyelocytic cells
proliferation and DIC occurred (Figure 1E,F). The
representative feature genes MPO and ELANE were highly
expressed in the cell clusters of APL PBMCs (Figure 1G).
These phenomena indicated this APL patient was under
a dangerous condition and the effective treatment was
urgently needed. In addition, the presence of leukemia stem
cells (LSCs) indicated the prognosis evaluation and efficacy
monitoring on LSCs is essential (Figure 1D). Moreover, the
representative feature gene CD34 was also highly expressed
in the cell clusters of APL PBMCs.
APL is a myeloid proliferative disease characterized by
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abnormally increased promyelocytic cells in bone marrow
and peripheral blood. Conventional APL diagnostic
methods include the cell morphology screening for leukemia
cells, fluorescence in situ hybridization (FISH) and genetic
testing for specific chromosomal translocations t(15;17)
(q22;q21), and RT-PCR testing for promyelocytic leukemiaretinoic acid receptor alpha (PML-RARA) fusion genes (10).
Cell morphology screening methods require staining and
other artificial processing, leading to the morphological
changes of cells and further affect the detection results. The
accuracy of the results largely depends on the subjective
factors and technical level of inspectors, which could cause
the occasional misdiagnosis of some atypical patients. The
methods of genetic testing on the translocation and fusion
gene, usually limited by the number of sample cells with a
time lag, only works for a subset of APL patients. Accurate
diagnostic typing is an important basis for prompt clinical
treatment and prognosis evaluation of APL. Molecular
typing system based on scRNA-seq detecting the APL-gene
set expression at single-cell resolution is more accurate and
comprehensive, providing essential reference for accurate
typing, individualized treatment and prognosis evaluation of
patients.
By using the single-cell sequencing technology, the
features of APL can be easily detected in the early stage.
The DIC-related abnormal cells and LSCs could be
quickly identified for the prognosis evaluation and efficacy
monitoring, which need more research for application.
Systematically analyzing the expression of APL related
markers, and monitoring tens of thousands of cells at the
same time can be effectively implemented with fast speed
and high precision. Even a small number of abnormal cells
can be also detected effectively in the early stage by using
single-cell sequencing to quickly diagnose APL patients
can make early detection and prompt interventions for
APL patients a reality. It can also be used as a companion
diagnostic tool during treatment to accurately assess
various risk factors for APL, such as DIC. Nevertheless,
the application of this advanced method for APL detection
needs to be further improved and the high cost of singlecell sequencing is a challenge remain to be solved.
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Figure 1 Single-cell transcriptome analyses of peripheral blood mononuclear cells (PBMCs) sampled from the acute promyelocytic leukemia (APL)
patient and healthy people. Dimensionality reduction for visualizing single-cell data was performed based on the uniform manifold approximation and
projection (UMAP) by using the Seurat R package. (A) The UMAP plot displaying the single-cell transcriptomic clustering of the PBMCs sampled
from the APL patient (5,888 cells coloured in green) and healthy people (4,000 cells coloured in red). (B) The cellular populations identified by SingleR
and Seurat R packages. (C) The UMAP plot showing the formation of 18 unsupervised categories based on the top 30 principal components. (D) The
heatmap depicting the feature gene profiles related APL-derived promyelocytes, disseminated intravascular coagulation (DIC), and leukemia stem cells
at single-cell resolution from PBMC (healthy people) and APL_PBMC (APL patient). (E) The UMAP plot showing the cells with highly expressed
genes related APL-derived promyelocytes. (F) The UMAP plot showing the cells with highly expressed genes related DIC. (G) The normalized
expression of the representative feature genes (from top to bottom: MPO, ELANE, CD34) with high expression in the cell clusters of APL PBMCs.
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