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Abstract. Acute myeloid leukemia (AML) refers to heter‑
ogenous types of blood cancer which possess a complicated 
genomic landscape, and multiple novel mutational altera‑
tions are frequently being reported. Herein, a case report of 
a 37‑year old AML patient is presented, who was diagnosed 
following laboratory investigation after admission. The patient 
had thrombocytopenia, and three consecutive blast counts of 
40, 30 and 41%, respectively. A blood sample was collected for 
whole‑genome RNA sequencing to understand the transcrip‑
tomic profile at the time of diagnosis and compared with a 
matched female control. Gene expression was quantified using 
the RSEM software package. Bioinformatics analysis revealed 
a significant number of differentially expressed genes in the 
patient, suggesting a marked change in the transcriptomic 
landscape in this patient. By mining the bioinformatics data 
and screening the highly expressed genes with ≥80% prob‑
ability of gene expression, four novel genes were highlighted 
that may serve as potential future targets in AML patients; 
Rh associated glycoprotein, succinate receptor 1, transmem‑
brane‑4 L‑six family member‑1 and ADGRA3, although 
further validation of their value is required.

Introduction

Acute myeloid leukemia (AML) is a major subtype of leukemia 
resulting from the uncontrolled proliferation and incomplete 

differentiation of the myeloid progenitor in the bone marrow 
with possible spread of myeloblasts to the blood, liver or 
spleen (1). According to the World Health Organization (WHO), 
AML is diagnosed following ≥20% myeloblasts in the blood 
or bone marrow smears, the characteristics of which is of 
crucial importance in the classification of the disease (2,3). The 
European Leukemia Net (ELN) has updated their classification 
guidelines to match those of the WHO to assist in consistent 
diagnosis, management and monitoring (4). Of note, the genomic 
landscape of AML is complicated resulting from different 
classes of genetic mutations (5). In addition, it has been reported 
that acquisition of additional mutations as a consequence of 
genomic instability may contribute to the incidence of AML, 
reviewed in (5). In ~50% of AML patients, a normal karyotype 
is observed; however, advanced sequencing techniques have 
assisted in identifying novel genetic alterations that contribute to 
the progression of AML (6‑8). In this respect, RNA sequencing 
technology has been used to examine the transcription rates of 
both wildtype and mutated alleles to assess allelic imbalances in 
patients with AML (9). It has been reported that 99% of mutated 
DNA is transcribed into RNA in animal model tumor cells (10). 
This suggests that RNA transcripts reflect the genotype of 
tumor cells and may assist in understanding the genetic land‑
scape of various types of cancer, including AML, and as such, 
is becoming an important factor with regards to personalized 
medicine and clinical decision making.

Case report

The present study was reviewed and approved by the 
Institutional Review Board of Imam Abdulrahman Bin Faisal 
University (approval no. IRB #2017‑03‑147) and patient 
consent was obtained prior to participation.

A 37 year old female presented with general weakness, 
bone pain and Petechiae, suggestive of the thrombocytopenia 
(Table I) for 2 weeks. The patient suffered from photosensi‑
tivity, arthralgia and solar urticaria for the last 6 years, and 
was followed up by the Dermatology Clinic. She also had a 
nephew who was diagnosed with acute myeloid leukemia at 
the age of 6. Clinical examination showed a well‑developed, 
well‑nourished and alert female. There was no evidence 
of lymphadenopathy or organomegaly. She had scattered 
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Petechiae, but no purpura or ecchymosis. Laboratory analysis 
of blood smears and complete blood counts revealed signifi‑
cant relative leukocytosis and >20% blast counts. Of note, 
according to the WHO definition, the presence of blast counts 
>20% is confirmatory of an AML diagnosis (11). According 
to the definition of the French‑American‑British classification 
system (2), blast counts >30% are confirmatory of a diagnosis 
of AML (3). Blood smears were assessed on admission along 

with complete blood counts, and the blast count was 40%, 
which was confirmed in subsequent blood samples, with 
blasts counts of 30 and 41%. Blast cells were large with a 
high nuclear to cytoplasmic ratio, fine opened chromatin and 
irregular nuclear outlines, and some cells showed inclusion of 
Auer‑rods. Additionally, several cells showed fine chromatin 
with 2‑3 nucleoli. Some blasts showed convoluted cribriform 
nuclei (Fig. 1). Morphological blood sample analysis and 

Table I. Complete and differential blood counts.

Parameter (reference range) 1st check 2nd check 3rd check

Red blood cells (4.2‑5.5), Mil/ul 4.51 3.9 4.14
Hemoglobin (12‑16), g/dl 11.5 10 10.6
Hematocrit (37‑47), % 35 29.9 31.5
Red blood cell distribution width (11.5‑14.5) 17.7 18.1 17.6
Mean corpuscular volume (80‑94), fl 77.6 76.7 76.1
Mean corpuscular hemoglobin (27‑32), pg 25.6 25.6 25.5
Mean corpuscular hemoglobin concentration (32‑36), g/dl 33 33.4 33.5
White blood cells (4‑11), k/ul 8.6 7.9 9.1
Corrected white blood cell (4‑11), k/ul 8.4 ‑ ‑
Platelet (140‑450), k/ul 62 45 47
Mean platelet volume (7.2‑11.1), fl 8.4 8.8 8.1
Segmented (38‑79), % 15 23 22
Band lymphocytes (0‑3), % 8 2 2
Lymphocytes (12‑15), % 23 23 22
Monocytes (0‑10), % 2 ‑ 4
Atypical lymphocytes (0), % 9 ‑ ‑
Metamyelocytes (0), % 1 3 ‑
Myelocytes (0), % 1 3 2
Promyelocytes (0), % 1 ‑ 1
Eosinophils (0‑8), % ‑ 2 ‑
Basophiles (0‑1), % ‑ 5 6
Blasts (0), % 40 30 41
Nucleated red blood cells (0) 2 ‑ ‑

Figure 1. Peripheral blood smear showing large myeloblasts with a high nucleus to cytoplasm ratio. A nucleus with cribriform pattern, open chromatin (black 
arrow) and multiple nucleoli are shown. Magnification, x100, oil immersion. Scale bar, 45 µm.
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blood counts (Table I) suggested a diagnosis of AML. The 
hematopathologist recommended bone marrow analysis, for 
karyo‑and immunotyping.

The patient was then transferred to the King Fahd Specialist 
Hospital, wherein molecular analysis, bone marrow analysis, 
karyotyping and immunophenotyping were performed. The 
cytogenetics report (Table II) of bone marrow aspirates indi‑
cated the presence of an abnormal tumoral clone with trisomy 
8 (47, XX, +8[18]/46, XX[1]); this karyotype was confirmed by 
fluorescence in situ hybridization, which showed 88% trisomy 
8 (Data not shown); a karyotype abnormality that is associated 
with a moderate risk of AML according to ELN (12).

Post treatment bone marrow aspirates and biopsy from the 
right posterior iliac crest were assessed. The biopsy was a single 
core (0.9 cm in length) in which the cellular area showed <10% 
cellularity with stromal edema and serous degeneration that 
was deemed to be therapy‑related. A mixture of lymphocytes, 
macrophages, plasma cells and a few megakaryocytes were 
observed in the cellular area. There was no increase in blast 
cells as indicated by the negative immunostaining of CD117. 
Reticulin staining showed scattered linear reticulin indicating 
bone marrow fibrosis grading of MF‑0, which is indicative of 
a normal architecture (13). The bone marrow aspirates showed 
marked suppression of trilineage hematopoiesis with a relative 
increase in lymphocytes and macrophages. Differential counts 
showed 7% erythroid precursors, 2% blast cells, 2% segments, 
86% lymphocytes and 2% plasma cells. The complete blood 
count, which was performed on the same day showed marked 
leucopenia, neutropenia and thrombocytopenia. The differ‑
ential blood counts indicated that lymphocytes accounted for 
91.8% of the count, monocytes 4.9% and basophils 3.3%. A 
case of AML showing hypocellular marrow with 2% blasts 
was recommended for bone marrow re‑evaluation. The patient 
then underwent Allogenic stem cell bone marrow transplanta‑
tion, as recommended as a consolidation treatment for patients 
with trisomy 8 AML (12). Bone marrow aspirates and biopsy 
were assessed again 5 months later; the marrow aspirates were 
aparticulated and diluted, almost mimicking the peripheral 
blood, with no blast cells observed upon scanning. The biopsy 
was 1.4 cm in length, in which the cellular area examined 
showed intertrabecular hemorrhage with crushing and tissue 
loss. A cellularity of 10% (marked hypocellular marrow) was 
also reported with trilineage hematopoiesis and no blast cells 

were observed. Flow cytometry analysis showed 0.1% posi‑
tivity for the gated population of CD45dim/CD34. The patient 
passed away in April 2019.

In the present case report, the transcriptomic landscape 
was assessed in this patient at the time of AML diagnosis by 
performing whole genome RNA sequencing (14,15). This was 
followed by gene expression quantification using the RSEM 
software package (16). Bioinformatics analysis and the soft‑
ware used are described in the supplementary materials and 
methods. The bioinformatics data showed a marked number of 
differentially expressed genes when compared with a matched 
female control profile; >2,500 differentially upregulated genes 
(log2 fold change ≥1, probability of ≥0.8 (where the P‑value 
was used to calculate the probability of gene expression) and 
252 downregulated genes (log2 fold change ≤‑1, probability 
≥0.8) (Fig. 2). The volcano plots (NOISeq method) (17) in 
Fig. 2B also shows the number of non‑differentially expressed 
genes (14,087; log2 fold change <1 and >‑1, probability of <0.8). 
Genes were sorted according to the log2 fold change and the 
probability of being upregulated. Genes with a log2 fold change 
<5 and a probability <80% were excluded from subsequent 
analysis. In this respect, log2 (fold change) was calculated as 
follows: Log[(gene expression in AML/gene expression in 
control)/2], where gene expression in AML/gene expression 
in control=the actual fold change. The following formula 
was used to convert log2 (fold change values) to the actual 
fold change: Actual fold change=2log2 (fold change). Gene ontology 
analysis was used during the filtration process, which resulted 
in identification of possible crucial hits that may be of potential 
importance in disease progression and in clinical management 
of the patient. ADGRA3, Rh associated glycoprotein (RhAG), 
succinate receptor 1 (SUCNR1) and transmembrane‑4 L‑six 
family member‑1 (TM4SF1) are all cell membrane proteins 
that were found to be upregulated in this patient compared 
with the corresponding control, with log2 fold change and 
gene expression probability values of 5.25, 91.2%; 7.2, 93%; 9, 
97%; and 8.6, 97%, respectively. Table III shows the log2 (fold 
change), the converted fold change values and the gene expres‑
sion probabilities. The results of RNA sequencing were further 
validated by quantitative (q)PCR. The sequences of the primers 
are presented in Table SI. The results confirmed the significant 
upregulation of RHAG, SUCNR1 and TM4SF1, with 2‑DDCq 

values of 50.6, 266.5 and 392,476.7respectively (Fig. S1). These 

Table II. Cytogenetics report.

Test name Results

Cytogenetics (CBFB)‑FISH 100% normal CBFB Normal
Cytogenetics MLL‑FISH 100% normal MLL Normal
Chromosomal analysis neoplastic study  47, XX, +8[18]/46, XX[1] Abnormal
Cytogenetics PML/RARA‑FISH 100 normal PML/RARA Normal
Cytogenetics RUNX1/RUNX1T1‑FISH 88% trisomy RUNX1T1 Abnormal 
Cytogenetics BCR/ABL1‑FISH 100 BCR/ABL1 normal  Normal

FISH, fluorescence in situ hybridization; CBFB, core‑binding factor subunit β; MLL, mixed lineage leukemia; PML‑PARA, promyelocytic 
leukemia/retinoic acid receptor α; RUNX1, runt‑related transcription factor 1; RUNX1T1, RUNX1 partner transcriptional co‑repressor 1; 
BCR, breakpoint cluster region protein; ABL1, tyrosine‑protein kinase; BCR/ABL1, BCR‑ABL fusion gene (Philadelphia chromosome).
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values show the number of times each gene is expressed more 
in the AML case compared with the control sample.

To assess the genetic variations in this patient compared 
with the reference genome, single nucleotide polymorphism 
(SNP) and mutation analyses were performed. Briefly, data 
analyses revealed that the mapping ratio with the reference 
gene sequences was 75%, a total of 15,763 genes were identi‑
fied in this patient. Of those, 1,251 novel coding transcripts 
were reported for this patient. In total, 10,444 novel transcripts 
were generated, including the 1,251 novel gene transcripts 
that require further characterization, 1,160 novel non‑coding 
transcripts and 8,033 novel splicing variants of known genes. 
Genome analysis toolkit (18) was used for insertion/deletion and 
SNP analyses. Transition events that involved an interchange of 
purine nucleotides [adenine (A) and guanine (G)] or pyrimi‑
dine nucleotides [cytosine (C) and thymine (T)] accounted for 
113,011 events in total. There were 43,161 transversion events 
involving the transition of purine nucleotides to pyrimidine 
nucleotides or vice versa. Transversion events observed included 
A‑C, A‑T, C‑G and G‑T. The transition and transversion events 

are summarized in Table SII). The results revealed intronic 
mutations in fms‑like tyrosine kinase 3 (FLT3), mutant vari‑
ants of which are present in ~30% of AML cases according to 
a recent report (19). Another important mutation observed in 
the present study was in the NRAS gene, which is a common 
genetic signature observed in AML patients (20). In the present 
study, two exonic and one intronic mutation of NRAS were 
observed. In addition, intronic mutations were also identified in 
nucleophosmin 1 gene (NPM1). According to Heath et al (21), 
NPM1 was frequently mutated in ~one third of AML patients 
and its mutated forms were associated with improved prog‑
nosis (21). In this regard, it has been reported that mutations 
in AML belong to two main classes: i) class I, which consists 
of mutations in genes that can stimulate proliferation and 
cell survival (such as mutations in Ras, JAK2 and FLT3) and 
ii) class II, where mutations affect cell differentiation and the 
apoptotic machinery (such as mutations in MLL, CEBPA and 
NPM1). A third class of mutations was also reported, which 
included mutations that affect epigenetic modifications (such as 
mutations in ASXL1 and DNMT 3a) (5).

Figure 2. Differentially expressed genes in the patient with AML compared with a healthy matched‑control. (A) A total of 2,539 upregulated and 252 down‑
regulated genes were identified in the patient with AML. (B) Volcano plot showing the up and downregulated genes, and the criteria used to define whether a 
gene was significantly dysregulated. Amongst the overexpressed genes, ADGRA3, RHAG, SUCNR1 and TM4SF1 were further considered as potential targets 
in AML. The log2 fold change and the probability of gene expression for each gene compared with the corresponding control were: ADGRA3 (5.25, 91.2%), 
RHAG (7.2, 93%), SUCNR1 (9, 97%) and TM4SF1 (8.6, 97%), respectively.
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Discussion

AML is characterized by a heterogeneous genomic landscape 
resulting from numerous genetic alterations, making disease 
stratification and management complicated (5). RNA transcripts 
may assist in understanding the transcription rates of wild type 
and mutated genes that may serve a role in sustaining the disease 
process and outcomes (9,10). By mining the RNA‑sequencing 
bioinformatics data, 4 genes (ADGRA3, RHAG, SUCNR1 and 
TM4SF1) that were highly expressed in the patient with AML 
were identified. The 4 genes encoded cell surface proteins that 
are important in conveying extracellular signaling cascades. 
Thus, it was proposed that these genes may serve as potentially 
novel biomarkers of AML, pending further validation in addi‑
tional patients, and in vitro and in vivo experimental models 
of AML. ADGRA3, also known as GPR125 is an adhesion 
G‑protein‑coupled membrane receptor, which mediates down‑
stream signaling pathways by activation of G proteins (22). With 
respect to the role of ADGRA3 in AML, it has been reported 
that its protein product, GPR125, is downregulated in AML, 
in contrast to the results of the present study, suggesting that 
the exact role of this gene in AML requires further study (23). 
It has been recently reported that upregulation of GPR125 
has prognostic value in colorectal cancer (24). In addition, the 
genomic data commons (GDC) data portal (25) contains 302 
reports of different ADGRA3 mutations and 392 cases of copy 
number variations have been reported in 27 and 28 projects, 
respectively, indicating the role of ADGRA3 gene in neoplastic 
disorders of lung, bronchus, uterus, cervix, bladder, mature B 
cell lymphoma and others (26). SUCNR1 was significantly 
upregulated in the patient with AML in the present study. 
To the best of our knowledge, the role of SUCNR1 in AML 
has not yet been explored. SUCNR1 is a sensor of oxidative 
stress, which may assist in the cells ability to sense and manage 
excessive oxidative stress (27). In this regard, succinate is 
considered an oncometabolite, which promotes tumorigenesis 
by promoting angiogenesis in experimental models as well as 
a transgenic zebrafish cancer model (28). Furthermore, single 
nucleotide variants of SUCNR1 gene have been reported; 
however, the involvement of this gene was excluded from being 
implicated in the familial inheritance of gastric and rectal 
cancer (29). Importantly, a role of SUCNR1 in hematopoietic 
progenitor cell development was reported (30). The activated 
SUCNR1 receptor potentiates proliferation of hematopoietic 

precursors as well as protecting erythroleukemic cells from 
starvation‑caused cell death (31). It has been reported that the 
proliferative effect of SUCNR1 in hematopoietic progenitor 
cells is mediated via the ERK1/2 pathway (32). In addition, 106 
somatic mutations and copy number variants, gain and loss, 
have also been reported in multiple projects reporting these 
types of genotypic variants in SUCNR1 in breast, lung, bladder, 
uterus, ovary, liver and other types of cancer (25). Additionally, 
SCUNR1 overexpression was reported in ankle tissue samples 
in an adjuvant arthritis model (33), where arthralgia (joint pain) 
is a common symptom; this may reflect the universal metabolic 
role of SCUNR1 in multiple types of cells, including blood cells 
in the present study. In this regard, accumulation of succinate in 
multiple types of cancer has been reported, including in ovarian 
and thyroid cancer (34), renal and gastric carcinoma (35), and 
familial pheochromocytoma (36). Accumulation of succinate 
in cancer cells promotes oncogenesis by promoting angio‑
genesis via activation of STAT3 and ERK signaling through 
SUCNR1 (28,37). However, the possibility that the upregula‑
tion of SCUNR1 in the patient presented in this case report 
was due to arthralgia can be excluded, as the transcriptomic 
profile was based on RNA transcripts extracted from blood 
cells, not synovial fluid samples nor the patient's chondrocytes. 
RhAG is an ammonia transporter, which has previously been 
associated with cancer based on its downregulated expression 
in esophageal cancer cell lines compared with normal esopha‑
geal cells (38). In contrast to the previous study, in the present 
study, RHAG expression was upregulated in the patient with 
AML, and thus may possess prognostic value as a biomarker 
of AML. According to the GDC data portal, 160 somatic muta‑
tions in the RHAG gene have been reported in patients from 21 
different projects, suggesting a role in neoplasms of the bron‑
chus and lung, adenocarcinomas of the colon, melanomas and 
other types of neoplastic diseases. Finally, the present study 
identified TM4SF1 as a potential crucial hit in AML. TM4SF1 
is a transmembrane protein with oncogenic properties in lung 
cancer, where it has been shown to participate in cell migra‑
tion and tumor metastasis (39). In addition, TM4SF1 was also 
reported to promote metastasis in pancreatic cancer (40). To 
the best of our knowledge the role of TM4SF1 has not yet been 
reported in AML.

The cell surface protein products of the identified genes 
found to be dysregulated may sustain the external cell 
signaling mechanisms in AML, and thus should be further 
studied to determine their diagnostic and prognostic value in 
patients with AML. However, the present study has some limi‑
tations. First, the expression of these dysregulated genes was 
not validated at the protein level. Thus, the roles of these four 
genes will be further verified as a continuation of the present 
study using in vitro and in vivo models of AML. Additionally, 
the differences in transcriptomic profiles were concluded from 
comparisons with a single healthy female control. A larger 
sample size of both patients and controls are required to estab‑
lish more generalizable and convincing results.

In conclusion, RNA‑sequencing bioinformatics data 
revealed the overexpression of a large number of differentially 
transcribed genes in this patient. Data mining led to identifica‑
tion of ADGRA3, RHAG, SUCNR1 and TM4SF1 as potential 
candidate genes for further investigation to validate their exact 
roles in AML.

Table III. Genes with potential significance in acute myeloid 
leukemia.

Gene Log2 Actual Probability of
name (fold change) fold change expression, %

ADGRA3 5.25 38.05 91.2
RhAG 7.2 147.03 93
SUCNR1 9 512 97
TM4SF1 8.6 388.02 97

RhAG, Rh associated glycoprotein; SUCNR1, succinate receptor 1; 
TM4SF1, transmembrane‑4 L‑six family member‑1.
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