
186	 © 2025 Iraqi Journal of Hematology | Published by Wolters Kluwer - Medknow

Comparative analysis of circular 
RNA expression in bone marrow and 
peripheral blood samples of patients 
with acute myeloid leukemia
Ammar Basim Al‑Asadi1,2, Jinan M. J. Al‑Saffar1

Abstract:
BACKGROUND: The noncoding RNAs with covalently closed loops, known as circular 
RNAs (circRNAs), represent essential regulators of cancer biology. CircRNAs demonstrate stability 
combined with regulatory properties that position them as biomarker candidates for the diagnosis of 
hematologic malignancies such as acute myeloid leukemia (AML).
OBJECTIVE: The research investigates and compares the expression levels of hsa_circ_0001947 
and hsa_circ_0009581 circRNAs in bone marrow (BM) and peripheral blood (PB) extracted from 
AML patients to evaluate their biological function and clinical value in AML development.
MATERIALS AND METHODS: The study enrolled 73 AML patients who received their treatment at 
Baghdad Teaching Hospital and the Hematology Center in the Medical City of Baghdad. The study 
obtained PB from 50 patients while extracting BM aspirates from 23 patients. RNA extraction was 
followed by cDNA synthesis. The assessment of circRNA expression through quantitative real‑time 
polymerase chain reaction PCR (qRT‑PCR) utilized the U6 housekeeping gene as a normalization 
factor.
RESULTS: Analysis of hsa_circ_0001947 expression showed lower expression in BM than PB. 
The expression level of hsa_circ_0009581 in BM was significantly higher than that in PB samples, 
which indicates how this circulatory RNA contributes to AML development in BM microenvironments.
CONCLUSION: The differential expression of circRNAs between BM and PB highlights their potential 
involvement in AML biology. Specifically, hsa_circ_0009581 may serve as a promising molecular 
target or biomarker for AML diagnosis and monitoring. These findings contribute to the growing 
understanding of circRNA‑mediated gene regulation in leukemia.
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Introduction

Hematopoiesis is a normal formation of 
different blood cellular components 

that occurs during the early weeks of fetal 
development and during adulthood to make 
and replenish the blood system.[1,2] Red bone 
marrow (BM) contains hematopoietic stem 
cells that produce all blood cells. Red BM is 

the only marrow source in newborns until 
yellow BM takes over due to decreased 
erythropoietin, which activates red blood 
cells in BM. The amount of red marrow 
reduces significantly by puberty and 
reaches <30% in elderly individuals.[3] Rapid 
blood and BM cancer AML shows the signs of 
clonal myeloid progenitor cells, which stop 
differentiating into blood cells while causing 
multilineage cytopenias.[4,5] The clinical 
course of AML contains varied outcomes 
while revealing strong disease diversity. 
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Genetic abnormalities, together with molecular‑level 
changes and chromosome translocations, can lead to 
the formation of this disease. The research indicates 
that genetic mutations occur in 97% of observed cases.[6] 
Multiple genetic alterations within normal hematopoietic 
stem cells or their progenitors result in autonomous 
clones that dominate and produce marrow failure.[7] 
Sequential mutation acquisition causes clonal myeloid 
progenitor proliferation to increase and differentiation 
to fail, ultimately resulting in resulting in fulminant 
disease.[8]

Circular RNA (circRNA) represents a rapidly expanding 
field within RNA research that corresponds to 
microRNA  (miRNA) research despite being an 
endogenous noncoding RNA. The circular structure of 
circRNA enables protection against RNA exonuclease 
degradation because it lacks conventional linear 
RNA terminal ends. The circular shape of circRNA 
confers resistance to degradation which protects 
against degradation by exonucleases.[9,10] Multiple 
miRNA‑binding sites found in circRNAs produce 
miRNA sponge activity. Abundant circRNA types 
can link to miRNAs through their complementary 
nature, which removes these miRNAs from target 
mRNA proteins.[11] CircRNAs have gained considerable 
attention as molecular markers for accurate cancer 
diagnosis and prevention because of their stability 
properties and ribonuclease resistance.[12] Various 
blood cell populations contain circRNAs, which show 
distinct expression patterns that depend on both the 
cellular origin and developmental maturity of those 
cells. Changes in circRNAs suggest their potential to 
regulate the hematopoietic system, while malignant 
hematopoiesis seems connected to their expression 
modifications.[13]

This study aims to investigate and compare the expression 
levels of hsa_circ_0001947 and hsa_circ_0009581 in BM 
and peripheral blood (PB) samples from patients with 
AML, with the goal of evaluating their potential roles as 
diagnostic or prognostic biomarkers.

Materials and Methods

A total of 73  patients with AML were treated at the 
Baghdad Teaching Hospital and the Hematology Center 
at the Medical City in Baghdad between December 2023 
and April 2024 and 30 healthy controls were included 
in this study. Fifty AML patients had PB samples taken, 
and 23 patients had BM aspirates taken for comparative 
molecular analysis. Patients in the investigated group 
ranged in age of 15–77  years, with an average age of 
45.46 ± 2.38 at presentation. A sterile Eppendorf tube 
containing 300 µl of each sample was filled with 600 µl 
of TRIzol reagent to extract the RNA.

Inclusion criteria
•	 Patients  (≥14  years of age) with a confirmed 

diagnosis of AML
•	 Individuals in apparent good health with no clinical 

or laboratory evidence of AML, malignancies, or other 
hematologic disorders.

Exclusion criteria
•	 Patients with incomplete clinical records
•	 Insufficient RNA sample quality.

Ethical approval
The Ethics Committee of the University of Baghdad’s 
College of Science gave its approval to this work (Ref.: 
CSEC/0724/0048). All procedures were performed 
under the ethical guidelines of the institutional research 
committees and the 1964 Declaration of Helsinki and its 
later amendments.

Extraction of RNA and synthesis of cDNA
The extraction of total RNA containing circRNA 
proceeded from samples using TransZol Up Plus RNA 
Kit from Transgene/China based on manufacturer 
recommendations. The Quantus™ Fluorometer was 
used to determine the RNA concentration and purity of 
extracted RNA. EasyScript® one‑step gDNA removal 
and cDNA synthesis SuperMix Kit was used to transform 
total RNA into cDNA.

Primer design
The primer sequences for hsa_circ_0001947 and 
hsa_circ_0009581 were designed based on the circRNA 
information retrieved from circBase  (https://www.
circbase.org/). This database provided validated 
circRNA back‑splice junction sequences necessary for 
specific primer targeting.[14] All primers were synthesized 
in lyophilized form by Macrogen (Korea).

Primer sequences for circRNA and housekeeping 
gene (U6) used in this study are shown in Table 1.

Performing real‑time polymerase chain reaction 
and gene expression calculation
Detection of cDNA using Quantitative RT-PCR (qPCR) 
with PerfectStart® Green qPCR SuperMix. The reaction 
mixtures contain 20 µl total volume using 0.5 µl of 
primers along with 10 µl PerfectStart® Green qPCR 
SuperMix (2X), 0.4 µl passive reference dye, 4 µl cDNA 
from each sample, and 4.6 µl nuclease‑free water. 
Real‑time PCR was applied for the duration of 30 s 
at a temperature of 94°C to initiate the activity of the 
polymerase enzyme. Subsequently, the double‑stranded 
cDNA was denatured for 5 s at 94°C and then annealed 
for 35 s at 60°C using channel scanning, repeating this 
process 45 times. Finally, the dissociation step for 15 s at 
60°C–90°C repeated 100 times. The Ct value of circRNA 

https://www.circbase.org/
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was normalized using the U6 housekeeping gene. The 
expression of circRNA was assessed using a relative 
quantitative technique, which involved the comparative 
Ct formula and the 2−ΔΔCT analysis.[15]

Statistical analysis
Data were analyzed using the Statistical Analysis System 
software (Version 9.6; SAS Institute Inc., Cary, NC, 
USA) to evaluate differences among various patient 
samples. A one‑way analysis of variance was conducted 
to examine the differences in means among groups. 
In addition, the Chi‑square test was used to evaluate 
relationships between categorical variables. Statistical 
significance was considered at probability levels of 0.05 
and 0.01.

Results

According to the sex distribution of AML patients, the 
prevalence of illness was higher in males than in females 
in both study groups, as illustrated in Table 2.

Among the patients, 30.1% reported a positive 
family history, whereas 69.9% reported no family 
history, with the difference being statistically 
significant (P  value = 0.0006) [Table 3].

The fold expression of hsa_circ_0001947 was lower 
in AML BM  (0.397  ±  0.101) samples compared to 
PB (0.584 ± 0.080), as shown in Table 4 and Figure 1.

The fold expression of hsa_circ_0009581 was significantly 
higher in AML BM (19.147 ± 6.508) samples compared 
to PB (4.851 ± 1.018), as shown in Table 5 and Figure 2.

Discussion

Several studies have indicated that males are at a higher 
risk of developing AML, while females demonstrate a 
reduced mortality risk upon completing therapy, possibly 
due to the impact of mutational factors in males.[16,17] 
AML incidence was increased by family history; there 
are expected to be resemblances between genetic and 
environmental causes of myeloid malignancies, as well as 

the ways these factors might affect different phenotypes 
varying. Familial risks tended to be higher for myeloid 
malignancies diagnosed at a younger age, indicating a 
possible stronger genetic predisposition in early-onset 
cases.[18]

Studies showed that hsa_circ_0001947 expression levels 
decreased in AML patients because of its interaction 
with miR‑329‑5p, which leads to cell growth inhibition 
and apoptosis.[19‑21] By acting as an hsa‑miR‑329‑5p 
sponge, hsa_circ_0001947 restored the expression of the 
CREBRF target gene. Scientific evidence through the 
circRNA‑miRNA‑mRNA network revealed that hsa_
circ_0001947 acted as a key element in AML progression.[22]

Hu et al. found that hsa_circ_0009581 was significantly 
upregulated in AML patients. They identified interactions 
between circRNAs and miR‑150‑5p that influence AML 
progression. Hsa_circ_0009581 has been shown to 
promote leukemia development through its interaction 
with miR‑150‑5p. This interaction highlights the 
complex regulatory networks involving miRNAs and 
circRNAs in AML pathogenesis. The hsa_circ_0009581/
hsa‑miR‑150‑5p regulatory network includes multiple 
axes involving RAD51, CDK4, PKMYT1, MYB, HSP90B1, 
ZNF346, and PIK3R1.[23] The majority of AML cases 
demonstrate reduced expression of miR‑150, while 
this downregulation occurs independently from DNA 
variations or methylation or mutation patterns. MiR-150 
gene expression was lower in patients who had AML at 
diagnosis than in healthy participants but levels returned 
to normal in patients who reached complete remission.[24]

Different patterns of gene expression emerge in BM 
versus PB samples collected from AML patients because 
of differences in both cell types present alongside 
environmental factors influencing their expression. 
Researchers compared 1271 genes from differential 
expression in paired blood marrow and PB AML patient 
samples. The analysis detected three genes that exhibited 
differential expression, including CD5L, CXCL12, and 
C7, while many others belonged to immune system 
pathways, thus highlighting differences in immune 
components between BM and PB samples.[25] Studies 

Table 1: Sequences of the primers used in this study
Name of primers Sequences (5′→3′) Primer size (bp) Temperature
hsa_circ_0001947

Forward ACAAGTGAAACAAACAAAGGTGA 23 57.54
Reverse TCCAAGCGTGTTCTGGACTC 20 59.97

hsa_circ_0009581
Forward CTACAGAGGACGGCTGTGTC 20 59.8
Reverse TCCACTCGGGCTTTAAACTCT 21 59.4

U6
Forward GACCTGCTCTGGTGGTCTTG 20 60.32
Reverse GAACCACACTCTGGGACAGG 20 59.96
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analyzing the surface phenotypes of CD34+ myeloblasts 
isolated from the blood and BM of patients with AML 
detected equivalent surface characteristics. The homing 
capability was higher in CD34+  cells derived from 
PB. Gene expression analysis revealed that CD34⁺ 
myeloblasts from peripheral blood showed decreased 
activity of proteins associated with G-protein signaling, 
prostaglandin signaling, chemotaxis, stress response, 
cell proliferation, and apoptosis, likely due to the 
absence of regulatory influences from the bone marrow 
microenvironment.[26]  Another study using real‑time 
polymerase chain reaction on paired BM and PB samples 
from AML patients found significant differences in the 
expression of certain genes. HOXA9 and LTC4S were 
expressed at higher levels in BM, while cystatin C and 
LYN were more prominent in PB. These differences 
may reflect the distinct microenvironments and cellular 
compositions of BM and PB.[27]

These studies highlight that gene expression differences 
between BM and PB in AML patients are influenced by 
specific cell populations and their functional states, as 
well as the microenvironmental context.

However, multiple studies indicate that circRNAs 
demonstrate different expression levels between BM 
and PB in medical conditions. Scientific data revealed 
that particular circRNAs exhibit different expression 
levels within BM stem cells of individuals who suffer 
from osteonecrosis of the femoral head.[28] In addition, 
another study found distinct circRNA expression 
profiles in PB mononuclear cells of rheumatoid arthritis 
patients.[29] Moussa Agha et  al. highlight the role of 
circulating miRNAs in the BM of patients with AML, 
providing critical insights into their potential function 
within the tumor microenvironment (TME). The AML 
TME is characterized by a dynamic molecular landscape, 
where the expression of various biomolecules fluctuates 
in accordance with disease progression and response 
to treatment. MiR‑150‑5p expression levels in BM have 
been assessed as possible biomarkers for the diagnosis 
and prognosis of AML. Research has shown that miR‑150 
expression in BM is downregulated in patients with 
AML, indicating that it may be used as a noninvasive 
biomarker for disease identification. Furthermore, 
variations in miR‑150 expression have been linked to 

Table 4: Comparison between bone marrow and peripheral blood in fold expression of hsa_circ_0001947 
according to ∆CT calibrator method
Groups Reference gene CT Target gene CT ∆CT ∆∆CT 2^‑ΔΔCT Fold change
PB AML 19.388±0.240 28.004±0.332 8.616±0.337 1.016±0.337 1.041±0.142 0.584±0.080
BM AML 19.669±0.625 29.748±0.562 10.078±0.649 2.478±0.649 0.708±0.180 0.397±0.101
Control 18.926±0.235 26.536±0.287 7.610±0.363 0.010±0.363 1.785±0.337 1.00±0.00
P 0.3735NS 0.00001** 0.0021** 0.0021** 0.0073** 0.0073**
**P≤0.01. NS=Nonsignificant, AML=Acute myeloid leukemia, BM=Bone marrow, PB=Peripheral blood
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Figure 1: Fold of hsa_circ_0001947 expression depending on the 2−ΔΔCT method

Table 2: Distribution of study groups according to sex
Sex PB AML patients, n (%) BM AML patients, n (%) P
Male 28 (56) 12 (52) 0.760 

(NS)Female 22 (44) 11 (48)
Total 50 23 ‑
NS=Nonsignificant, AML=Acute myeloid leukemia, BM=Bone marrow, 
PB=Peripheral blood

Table 3: Distribution of acute myeloid leukemia 
patients according to family history
Family history n (%) P
Yes 22 (30.1) 0.0006**
No 51 (69.9)
Total 73 (100) ‑
**P≤0.01

Table 5: Comparison between bone marrow and peripheral blood in fold expression of hsa_circ_0009581 
according to ∆CT calibrator method
Groups Reference gene CT Target gene CT ∆CT ∆∆CT 2−ΔΔCT Fold change
PB AML 19.388±0.240 25.874±0.332 6.486±0.263 −1.714±0.263 6.695±1.404 4.851±1.018
BM AML 19.669±0.625 24.857±0.695 5.187±0.495 −3.013±0.495 26.423±8.982 19.147±6.508
Control 18.926±0.235 27.117±0.231 8.190±0.263 −0.010±0.263 1.388±0.160 1.00±0.00
P 0.3735NS 0.0031** 0.00001** 0.00001** 0.00013** 0.00013**
**P≤0.01. NS=Nonsignificant, AML=Acute myeloid leukemia, BM=Bone marrow, PB=Peripheral blood
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responses to treatment, suggesting that it has predictive 
significance.[30] Vascular endothelial cells need signaling 
pathways located within BM microenvironments, 
including bone morphogenetic protein signals, to keep 
genomes intact through RAD51‑mediated maintenance 
mechanisms. External cellular signals function together 
with DNA repair mechanisms to preserve the operational 
capacity of the BM niche.[31] Multiple myeloma  (MM) 
shows elevated RAD51 expression because it originates 
from plasma cells present in BM tissue. The elevated 
levels of RAD51 expression relate to better DNA 
restoration capacity, which makes cells less sensitive to 
DNA‑destroying drugs like melphalan. Research has 
established that using peptide nucleic acids against RAD51 
makes MM cells more susceptible to chemotherapy drugs 
which support its potential therapeutic application.[32]

Conclusion

This study demonstrates that hsa_circ_0009581 is 
significantly upregulated while hsa_circ_0001947 was 
downregulated in BM compared to PB samples of AML 
patients, suggesting its involvement in leukemogenesis 
and potential use as a biomarker. These findings 
underscore the importance of the BM microenvironment 
in regulating circRNA expression and support further 
research into circRNAs as molecular tools in AML 
diagnosis, prognosis, and therapy.
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Figure 2: Fold of hsa_circ_0009581 expression depending on the 2−ΔΔCT method
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