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Original Article

IntroductIon
MDS is a preleukemia disorder characterized by peripheral 
blood cytopenia, infective hematopoiesis, and dysplastic 
morphology in one or more lineages. Impaired proliferation and 
differentiation by hematopoietic stem cells induce apoptosis in 
bone marrow (BM). A serious concern about MDS patients is the 
possibility of disease progression and transformation to AML.[1]

The spectrum of symptoms is highly variable and patients 
can be asymptomatic at the time of diagnosis.[2] MDS can 
occur at any age; however, the risk of MDS increases 
with age. The onset of the disease is about 65–70 years 
old in most populations but is earlier in some Asian 
populations.[3,4]

Abstract

Background: Myelodysplastic syndrome (MDS) is a clonal hematologic disorder that requires the integration of morphologic, cytogenetic, 
hematologic, and clinical findings for a successful diagnosis. Trying to find ancillary tests such as biomarkers improve the diagnosis process. 
Several studies showed that a disordered immune system is associated with MDS. The chronic activated innate immune system, particularly 
the Toll‑like receptors (TLRs) pathway could be involved in the induction of the inflammation.

Materials and Methods: In the present study, we investigated the expression of TLR2, TLR4, and IRAK4 in bone marrow (BM) of MDS 
patients, the leukemia group, and the healthy group. For this purpose, we assessed the expression of TLR2, TLR4, and IRAK4 by real time‑PCR.

Results: In line with new findings, we demonstrated that the expression of TLR2, TLR4, and IRAK4 significantly increased in MDS BM 
compared with the healthy group. Moreover, IRAK4 expression raised significantly in MDS patients compared with other studied hematologic 
neoplasms. Also, the expression levels of TLR2 and TLR4 significantly increased in MDS in comparison to some studied non‑MDS malignancies 
(P < 0.05). Receiver operating characteristics (ROC) analysis and area under the curve (AUC) suggested that the expression of TLR2, TLR4, 
and IRAK4 (AUC = 0.702, AUC = 0.75, and AUC = 0.682, respectively) had acceptable diagnostic values to identify MDS from the other 
understudied leukemias.

Conclusion: Overall, the expression of TLR2, TLR4, and IRAK4 could be potential biomarkers for discriminating MDS from some hematologic disorders.
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Diagnosis of MDS and discrimination from the other types 
of cytopenia and mimic malignancies could be challenging.[2] 
Diagnosis of MDS is based on the morphological assessment 
of peripheral blood, BM aspirate, and biopsy after observation 
of abnormal complete blood count (CBC) evidence. Karyotype, 
next‑generation sequencing (NGS), and flow cytometry can 
also help to improve diagnosis.[5,6]

The pathogenesis of MDS is complex and heterogeneous. MDS 
pathology is associated with genetic mutations, chromosomal 
abnormality, epigenetics alteration, and changes in the 
microenvironment ofBM. Moreover, the chronic inflammation 
induced by dysregulation of the immune system could be 
considered a critical factor in the pathogenesis of this disorder 
because inflammation could influence on microenvironment 
and damage precursors of the hematopoietic cells.[7‑9]

Recent studies reported dysregulation of the innate immune system 
factors such as TLRs pathways in MDS. TLRs signaling could 
regulate hematopoietic homeostasis.[8,10,11] Long‑term activation 
of TLR pathways signal impaired normal hematopoiesis.[12]

Several studies showed that TLRs and their effector molecules 
are overexpressed in MDS patients.[13‑15]

TLR2 and 4 produce inflammatory cytokines that maintain 
TLR pathways as a positive feedback loop.[16]

Administration of TLR2 agonist in isolated cells from normal 
BM diminishes the population of erythroid progenitor cells. 
Also erythroid colony differentiation increases following TLR2 
inhibition in low‑risk MDS patients.[17]

Constitutive and chronic TLR4 signaling leads to production 
of reactive oxygen species (ROS) and DNA damage. 
Accumulation of damaged DNA might be the basis of 
malignancy development.[18]

IRAK4 is an important downstream molecule in TLRs 
signaling and interacts with MYD88. The IRAK4 participates 
in myddosome formation and activation of NF‑κB, JNK, 
p38, and MAPK in TLRs pathway.[19] Cheng et al.[20] reported 
IRAK4 can be related to malignancy and patient overall 
survival. Moreover, long isoform of IRAK4 (IRAK4‑L), which 
is a mutated form in some malignancies such as AML and 
MDS, can boost NF‑κB inflammatory responses.[21,22]

In the present study, we investigate the expression levels 
of TLR2, TLR4, and IRAK4 in BM cells of MDS patients, 
healthy donors, and some leukemia patients. We assessed the 
potential capacity of TLR2, TLR4, and IRAK4‑L expression 
as biomarkers to discriminate MDS from other hematologic 
disorders. Biomarkers could improve the diagnosis and 
differentiation of MDS from other hematologic disorders.

MaterIals and Methods
Patient characteristics
Patients with myelodysplastic syndromes (MDS), 
non‑myelodysplastic syndrome hematological cancers, and 

healthy controls who attended Seyed‑Al Shohada Hospital, 
Isfahan, Iran were enrolled in the study. The demographic data 
of patients are summarized in Table 1.

BM samples of 53 MDS suspected patients were collected. 
After the final approval, 27 newly diagnosed, MDS patients 
entered the study. The diagnosis of MDS patients was 
based on morphological criteria presented by the 2016 
revision of the WHO Classification of Myelodysplastic 
Syndromes.[23] None of the MDS patients have autoimmune 
diseases, childhood MDS, or malignancy history. The most 
frequent symptoms among patients with MDS were weakness 
and lethargy.

Patients with non‑MDS hematological cancers including 
AML (n = 14), ALL (n = 10), CLL (n = 7), and MM (n = 6). 
Non‑MDS hematological cancers were selected based on 
the laboratory findings, physician diagnosis, and no prior 
treatment. Patients with cytopenia due to megaloblastic 
anemia, Idiopathic Thrombocytopenic purpura (ITP), 
autoimmune disorder, drug use, dysplasia associated with 
megaloblastic anemia, and malignancies history were 
excluded.

Also, the healthy group included five persons with normal BM 
and CBC results, and no history of cancer.

Of note, the age difference between the groups was not 
statistically significant.

Sample collection
150–400 µL EDTA samples of BM aspirated from volunteers 
were collected before treatment, and then samples were stored 
at −70°C. Sample collection was performed from September 
2020 to November 2021.

RNA isolation and quantitative real‑time PCR
Total RNA from bone marrow aspirated samples were 
extracted using the total RNA extraction kit (Roje 
technologies, RNjia phenol free pb kit, Yazd, Iran) according 
to the manufacturer’s protocol. We assessed RNA integrity 
by gel electrophoresis and evaluated its concentration at 
260 nm. Purity was assessed by calculating the ratio for 
absorbance at 260 nm versus 280 nm (A260 nm/A280 nm) 
by using a Nanodrop.

Complementary deoxyribonucleic acid (cDNA) synthesis was 
performed by reverse transcription kit (Pars Tous, Mashhad, 
Iran) following to manufacturer’s protocol. Quantitative 
real‑time polymerase chain reaction (qPCR) was performed 
using an ABI7700 machine (Applied Biosystems, Foster City, 
CA, USA) and by the SYBR Green Master Mix (Biofact Co. 
South Korea) according to the manufacturer’s instructions. The 
reaction mixture contained 5 µL SYBER Green Master Mix, 
0.5 µL of each primer, 3 µL deoxyribonuclease (DNase)‑free 
and ribonuclease (RNase)‑free water and, 1 µL cDNA in total 
a volume of 10 µL.

The TLR‑2, TLR‑4, IRAK4, and housekeeping gene (GAPDH) 
specific primers sequences are listed in Table 2. All genes were 



Khalilian, et al.: diagnostic biomarkers in myelodysplastic syndrome

Advanced Biomedical Research| 2024 3

normalized with GAPDH as endogenous control. Relative 
quantification in comparison control groups was measured by 

pfaffl method ( due to different 

efficiency of primers.[24]

Statistical analysis
All statistical analysis was performed with GraphPad Prism 
9.3.0 (GraphPad Software, San Diego, CA). Numerical data 
were expressed as the mean ± standard error bar (SEM). 
The Kolmogorov–Smirnov test was applied to evaluate the 
normality of data. Independent sample t‑test was performed 
for data with a normal distribution, while the comparisons 
of the groups with non‑normal distribution were done using 
Kruskal‑Wallis and Mann‑Whitney test.

Biomarker efficiency and assessment of sensitivity and 
specificity was calculated by ROC) and AUC. The Youden 
index is used to evaluate optimal cutoff points. P value < 0.05 
was considered statistically significant.

results
Expression of TLR2, TLR4, and IRAK4 mRNA in MDS 
patients and healthy controls
The levels of TLR2, TLR4, and IRAK4 expression were 
evaluated by real‑time PCR in 27 MDS patients and 5 
healthy controls. TLR2 gene expression was significantly 
increased in BM cells of MDS patients in comparison 
with normal BM (P = 0.004). Additionally, the expression 
of TLR4 and IRAK4 genes was higher in the patients than 

in the control groups (P = 0.048, P = 0.026), respectively 
[Figure 1].

Expression of TLR2, TLR4, and IRAK4 mRNA in MDS 
patients and other hematologic malignancies
The levels of TLR2 mRNA expression among disease 
groups were highest in MDS (n = 27) compared with all 
other non‑MDS hematologic malignancies, including 
CLL (n = 7; P = 0.005), MM (n = 6; P = 0.003) [Figure 2a], 
and no statistical difference in expression of TLR2 was 
found between MDS and ALL (n = 10; P = 0.160) and AML 
(n = 14; P = 0.564) Then, we compared the expression of 
TLR4 in BM cells of MDS patients versus other non‑MDS 
malignancies. The level of TLR4 in MDS enhanced as 
compared with AML (P = 0.0493), CLL (P = 0.0476), and 
MM (P = 0.0477) [Figure 2b]. So, we found that mRNA 
expression of TLR4 increased in MDS patients compared 
with non‑MDS hematologic malignancies except ALL 
patients (P = 0.342). In the present study, the expression of 
IRAK4 in MDS patients was up‑regulated compared with 
AML (P = 0.0108), ALL (P = 0.0479), CLL (P = 0.0350), 
and MM (P = 0.0192) [Figure 2c].

Discrimination of MDS from other hematologic disorders
To determine the diagnostic value of TLR2, TLR4, and IRAK4 
expression, groups with no significant differences were 
excluded and then a ROC/AUC analysis was performed to 
clarify the specificity and sensitivity. ROC curve analysis 
showed the potential of TLR2 gene expression as a biomarker 
in distinguishing MDS from non‑MDS disorders except AML 
and ALL (P = 0.046, AUC = 0.702). Furthermore, ROC curve 

Table 2: Specific primers sequencies for real‑time PCR

Target gene Forward primer Reverse primer
TLR‑2 CAAATGACGGTACATCCACG GGGTAAATCTGAGAGCTGCG
TLR‑4 GTCGTGCTGGTATCATCTTC TGTACCCACTGTTCCTTCTG
IRAK4[21] GCTGCCTCAATGTTGGACTA TCTGGACTTGAGGAGTCAGG
GAPDH ACAGCCTCAAGATCATCAGC TAGAGGCAGGGATGATGTTC

Table 1: Study participants demographic data

Age; Mean (SD), years Gender Male/Female Numbers Sub‑group
MDS 69±11 18/9 27 MDS‑SLD (5)

MDS‑MLD (8)
MDS‑RS (2)

MDS‑EB‑1 (2)
MDS‑EB‑2 (3)

MDS‑U (7)
Non‑MDS
hematologic 
disorder

60±20 25/12 37 AML (14)
ALL (10)
CLL (7)
MM (6)

Healthy group 56±4 2/3 5
AML: acute myeloid leukemia, ALL: acute lymphocytic leukemia, CLL: chronic lymphocytic leukemia, MM: multiple myeloma, 
MDS‑SLD: Myelodysplastic syndrome with single lineage dysplasia, MDS‑MLD: Myelodysplastic syndrome with multilineage dysplasia, 
MDS‑RS: Myelodysplastic syndrome with ring sideroblasts, MDS‑EB‑1: Myelodysplastic syndrome with excess blast, subtype 1, 
MDS‑EB‑2: Myelodysplastic syndrome with excess blast, subtype 2, MDS‑U: myelodysplastic syndrome‑unclassifiable
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analysis suggested the TLR4 gene expression as a potential 
biomarker to discriminate MDS from non‑MDS malignancies 
except AML (P = 0.006, AUC = 0.75). Also, we got an 
acceptable diagnostic value of IRAK4 gene expression in MDS 
differentiation from other hematologic disorders (P = 0.031, 
AUC = 0.682) [Figure 3]. Sensitivity, specificity, and other data 
of ROC curve analysis are summarized in Table 3.

dIscussIon
MDS diagnosis is complex and challenging due to the clinical 
symptoms’ heterogeneity and nonspecific findings. Some drugs 
such as methotrexate or azathioprine, nutritional deficiencies 
(e.g. including Vitamin B12, iron, and copper deficiency), or 
infections‑induced cytopenia, must be excluded from MDS 

Figure 1: Comparison of TLR2, TLR42, and IRAK4 gene expressions in BM cells of MDS patients and health controls by the quantitative reverse 
transcriptase-polymerase chain reaction. The healthy controls included five persons with normal bone marrow and no history of cancer. Error bars 
correspond to mean ± SEM; P < 0.05 is significant. MDS: myelodysplastic syndrome

Figure 2: Quantification of TLR2 (a), TLR4 (b), and IRAK4 (c) in BM cells of MDS and non-MDS disorders by the quantitative reverse transcriptase-polymerase 
chain reaction. Error bars correspond to mean ± SEM; P < 0.05 is significant. MDS: myelodysplastic syndrome, AML: Acute myeloid leukemia, 
ALL: Acute Lymphoblastic leukemia, CLL: Chronic Lymphoblastic leukemia, MM: Multiple myeloma

c

b

a
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diagnosis.[25] Several methods are used to achieve a definitive 
diagnosis including morphology examination, cytogenetics, 
flow cytometry, and molecular tests. All of them provide 
different information to confirm the MDS diagnosis; however, 
the final diagnosis will be made by morphologic examination.[2]

In the current study, according to the role of the innate immune 
system in MDS, we investigated the expression of TLR2, 
TLR4, and IRAK4 in a group of MDS patients and healthy 
subjects.

We found a significant increase in the expression of TLR2 and 
TLR4 genes in BM of MDS patients compared with normal 
groups (Pvalue = 0.004, P value = 0.048, respectively). 
Similarly, Maratheftis et al.[13] reported elevated levels of TLR4 
expression in CD34+ cells of BM and mononuclear cells of 21 
MDS patients by reverse transcription‑PCR. However, TLR2 
expression only increased in mononuclear cells of BM. Other 
similar studies reported that RNA expression of TLR2 was 
significantly enhanced in CD34+ cells of BM in MDS patients 
by Quantitative RT‑PCR.[17,26] Velegraki et al.[27] showed that 
TLR4 gene expression was significantly increased in BM 
CD14+ cells population of 27 MDS patients compared with 
healthy controls by flow cytometry. They also reported the 
overexpression of other TLRs including TLR1, TLR2, TLR3, 
and TLR9 in these patients. However, this increase was not 
statistically significant. Recently, Paracatu et al. showed that 
TLR2 upregulated in diverse BM cell populations such as 
CD14+ cells, T and B lymphocytes, and CD34+ cells of low/
intermediate‑risk MDS compared with high‑risk and normal 
groups by mass cytometry.[28]

To determine the expression of the long isoform of IRAK4 
in MDS BM, we used a pair of IRAK4 primers with flanking 
exon 4 in the Smith study. In the case of MDS and AML, Smith 
et al. found that IRAK4‑L is generated by RNA splicing factor 

U2 small nuclear RNA auxiliary factor 1 (U2AF1) mutation 
that preserved exon 4.

IRAK4‑L gained oncogenic activity because of N‑terminal 
domain maintenance that interacts with MYD88 directly and 
induced maximum activation of NF‑κB.[21] However, we did 
not succeed to measure the long isoform of  IRAK4 in MDS 
BM. This discrepancy with the Smith study may be due to 
CD34 + cell isolation in their work. In the present study, IRAK4 
expression was upregulated in MDS patients in comparison to 
normal BM (P = 0.026). IRAK4 is a member of IRAKs family 
and a downstream molecule in signaling pathways of TLRs, 
IL‑1R, and IL‑18R. Deletion of IRAK4 in mice models leads 
to disruption in TLRs pathways signaling.[29] Particularly, 
the administration of IRAK4 inhibitor reduced proliferation, 
viability, and cytokine production in cells isolated from CLL 
patients.[30] Moreover, treatment with IRAK4 inhibitor was 
assessed in immune‑related diseases such as rheumatoid 
arthritis and psoriasis. So, it seems that IRAK4 inhibitor could 
be effective in MDS and AML treatment.[19,21]

High expression of TLR2, TLR4, and IRAk4 in MDS 
BM cells is associated with inflammation promotion 
through hyperactivation of mitogen‑activated protein 
kinase (MAPK) and NF‑κB pathway. Several studies reported 
that NF‑κB activation is increased in MDS cell lines and 
MDS patients.[14,31,32] Continuous activity of NF‑κB and 
the subsequent inflammatory response may disrupt normal 
hematopoietic cells and causes cytopenias in MDS.[16,22,33]

Previous studies also showed that the mediator molecules of 
TLRs pathway such as E3 ubiquitin ligase TRAF6 and the TLR 
IL‑1 receptor domain‑containing adaptor protein (TIRAP) are 
enhanced in CD34+ cells of MDS patients.[34‑36]

To determine the diagnostic value of TLR2, TLR4, and IRAK4 
expression in MDS patients compared with understudied 

Figure 3: Receiver operating curve (ROC) analysis of TLR2, TLR4, and IRAK4 gene expression to determine diagnostic accuracy in differentiation of 
MDS patients with other hematologic disorders. AUC: area under the curve

Table 3: Receiver operating characteristic (ROC) analysis of TLR2, TLR4, and IRAK

AUC 95% CI Sensitivity (%) Specificity (%) cutoff PPV NPV
TLR2
TLR4

0.702
0.750

0.5137 to 0.8910
0.5834 to 0.9166

100
77.78

38.46
75

>0.071
<0.372

0.74
0.70

1
0.81

IRAK4 0.682 0.5368 to 0.8408 88.24 45.16 >0.563 0.46 0.87
AUC: area under curve; CI: confidence interval; PPV: positive predict value; NPV: negative predict value
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leukemias, we compared the expression of TLR2, TLR4, 
and IRAK4 between MDS and other leukemia patients 
including AML, ALL, CLL, and MM. Results showed that 
the expression of TLR4, TLR2, and IRAK4 was significantly 
higher in MDS patients than in many other hematologic 
malignancies [Figure 2]. Ward et al.[37] also showed that the 
oxidized mitochondrial DNA level was significantly enhanced 
in the peripheral blood of MDS patients compared with other 
hematologic malignancy patients except CLL. Despite the 
molecular pathology similarities in MDS and AML, we found 
significant differences in IRAK4 expression between AML 
and MDS patients.[21] being in the early stage of MDS may 
be the reason.

Also, we did not observe significant differences in TLR2 
expression in MDS patients compared with AML and ALL 
patients and TLR4 gene expression in MDS and ALL groups. 
Other studies on TLR2 and TLR4 expression were not found 
in MDS and other leukemia to compare the result.

Biomarker identification would improve diagnosis and can 
be shortened this process, especially in low‑risk MDS. The 
central role of the immune system in MDS was demonstrated 
by previous studies.[38]

Moreover, we assessed the diagnostic value of TLR2, TLR4, 
and IRAK4 by ROC curve analysis. ROC analysis of TLR2 
gene expression showed an acceptable value to discriminate 
MDS from CLL and MM (AUC = 0.702, Se = 100%, 
Sp = 38.46%). The ROC/AUC analyses showed that TLR4 
gene expression (AUC = 0.75, Sensitivity = 77.78%, 
Specificity = 75%) can be effective in MDS discrimination 
from understudied leukemia except ALL. Furthermore, IRAK4 
gene expression (AUC = 0.682, Se = 88.24%, Sp = 45.16%) 
has an acceptable diagnostic value to identify MDS from 
other reviewed leukemia. The AUC results of TLR2, TLR4, 
and IRAK4 were not perfect which may be due to the small 
sample size of leukemia groups.

However, recently more investigations conducted to find 
potential diagnostic biomarkers in MDS. Another study 
represented that plasma Oxidized mitochondrial DNA 
could be considered as a biomarker for MDS patients and 
hematologic malignancies except CLL.[37] The diagnostic 
utility of pyroptosis biomarkers in a cohort of MDS patients 
was confirmed by another study. Basiorka et al.[39] showed 
that plasma ASC could be a potential biomarker of pyroptosis 
in MDS.

In other studies, TLRs and IRAk4 expression were assessed 
in most diseases. Evaluation of TLRs expression in breast 
cancer patients represented the higher expression of TLR4 
which is related to poor prognosis. as well as suggested 
that TLR4 expression level could be a prognostic and survival 
biomarker in breast cancer.[40] Wang et al.[41] showed that 
IRAK4 expression was higher in glioma tissue samples 
than in normal brain cells, and IRAK4 level was associated 
with poor survival of patients and would be the potential 
prognostic marker. In another study, TLR4 expression 

has been indicated as a diagnostic biomarker in diabetic 
peripheral neuropathy.[42]

It seems that the potential capacity of TLR2, TLR4, and 
IRAK4 expression as biomarkers could be considered in 
MDS diagnosis because they are candidates as diagnostic or 
prognostic biomarkers in different diseases and malignancies.

In previous studies, expression of TLRs effectors was performed 
in MDS patients.[10,43] We investigated the expression level of 
TLRs pathway throughout BM in MDS patients compared 
with other hematologic malignancies allowing exploitation for 
novel BM biomarkers that can be used as diagnostic tools and 
also, lead to manipulation as therapeutic strategies.

The limitation of our work is the small sample size due to the 
low incidence of disease and the assessment of whole BM 
cells. The different populations of BM cells must be isolated. 
TLRs expression may vary in different cell populations in any 
kind of leukemia that affects the results. Also, BM population 
frequencies must be considered between MDS and other 
leukemia. We suggested further studies with a larger sample 
size to assess the validity of these molecules as a biomarker. 
Alternative methods such as flow cytometry can be used to 
evaluate the accurate result. Also, next studies can evaluate the 
potential role of other TLRs in peripheral blood cells and BM 
as biomarkers in the diagnosis of MDS patients.

conclusIon
In the current study, we observed that the gene expression 
of TLR2, TLR4, and IRAK4 are upregulated in MDS 
BM compared with healthy BM. Also, the expression of 
TLR2, TLR4, and IRAK4 could be potential biomarkers for 
discrimination of MDS from some types of leukemias.
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