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Background: Myelodysplastic syndrome (MDS) is a group of hematological malignancies that may 
progress to acute myeloid leukemia (AML). Bioinformatics-based analysis of high-frequency mutation 
genes in MDS-related patients is still relatively rare, so we conducted our research to explore whether 
high-frequency mutation genes in MDS-related patients can play a reference role in clinical guidance and 
prognosis.
Methods: Next generation sequencing (NGS) technology was used to detect 32 mutations in 64 MDS-
related patients. We classified the patients’ genes and analyzed them by Gene Ontology (GO) analysis, Kyoto 
Encyclopedia of Genes and Genomes (KEGG) analysis, protein-protein interaction (PPI) analysis, and then 
calculated the gene survival curve of high-frequency mutations.
Results: We discovered 32 mutant genes such as ASXL1, DNMT3A, KRAS, NRAS, TP53, SF3B1, and 
SRSF2. The overall survival (OS) of these genes decreased significantly after DNMT3A, ASXL1, RUNX1, 
and U2AF1 occurred mutation. These genes play a significant role in biological processes, not only in 
MDS but also in the occurrence and development of other diseases. Through retrospective analysis, genes 
associated with MDS-related diseases were identified, and their effects on the disease were predicted.
Conclusions: Thirty-two mutant genes were determined in MDS and when mutations occur in DNMT3A, 
ASXL1, RUNX1, and U2AF1, their survival time decreases significantly. This results providing a theoretical 
basis for clinical and scientific research and broadening the scope of research on MDS.
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Introduction

Myelodysplastic syndrome (MDS) is characterized by low 
hematopoietic function, different degrees of cytopenia, 
and progression to acute myeloid leukemia (AML) and is a 
clinically heterogeneous, chronic hematological malignancy 

(1,2). Development of MDS may occur due through 
various mechanisms such as environmental exposures to 
chemicals, various genetic and chromosomal abnormalities 
and somatic point mutations (3). Identifying potential 
genetic abnormalities in MDS and combining them with 
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clinical features can promote the correct classification of 
diseases, aid in developing a prognostic scoring system, and 
ultimately promote the development of targeted therapy. 
Due to the rapid recent advances in next generation 
sequencing (NGS) technologies, there has been a massive 
influx of data concerning the significance of mutations in 
the diagnosis and prognostication of MDS. As sequencing 
data accumulate, in the future, help to establish a primary 
diagnosis of MDS in cytopenic patients, just as certain 
specific cytogenetic abnormalities do at the present time.

The emergence of NGS reflects the urgent need for fast, 
inexpensive, and accurate genomic information (4,5) and 
can accelerate the research into biology and biomedicine 
to a great extent. NGS has been widely used in mutation 
analysis of comprehensive biomarkers (6,7). In the future, 
NGS can discriminate between MDS and other diseases 
such as aplastic anaemia, myeloproliferative disorders 
and idiopathic cytopenias (8). Thus, the structure of 
cytogenetic data and basic disease characteristics as well 
as other molecular issues is important for MDS diagnosis. 
Blood contains many types of biological materials like 
circulating cells, platelets, extracellular vesicles, mRNA, 
miRNA, protein, and cell-free DNA (cfDNA) (9). From 
the blood of cancer patients, a portion of the cfDNA is 
released by tumor cells through apoptosis, necrosis, or 
active release (10), and this DNA is called circulating tumor 
DNA (ctDNA). The half-life of cfDNA in the circulation is 
between 16 min and 2.5 hours (11). This enables real-time 
and long-term monitoring of the treatment effect, allowing 
feasible treatment adjustment and better prognosis.

Since the availability of a wide range of data generated 
by NGS high-throughput sequencing, Gene Ontology 
(GO), Kyoto Encyclopedia of Genes and Genomes 
(KEGG) and protein-protein interaction (PPI) analyses 
are commonly and widely used in many diseases, such 
as osteosarcoma (12), AML (13), and diffuse large B-cell 
lymphoma (DLBCL) (14). Furthermore, PPI analysis has 
long been used in MDS to identify the pathways for many 
central genes, which can be used as new targets in treating 
MDS diseases (15). A recently study have demonstrated the 
differences of molecular gene mutations between MDS and 
AML patients, as well as the young and older age groups of 
MDS and AML patients (16). However, little research has 
been done when GO, KEGG and PPI methods are used in 
combination.

In this study, GO, KEGG, and PPI analyses were used 
mainly to research the mutant genes of MDS-related 
patients, but also to identify the relationships between 

the mutation genes, how these relate to clinical features 
and therefore contribute to a framework for prognosis 
and treatment which can be used in the clinical setting. 
We present the following article in accordance with the 
REMARK reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-4094).

Methods

Ethical statement

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The Ethical 
Committee approved this study of First Affiliated Hospital 
of Kunming Medical University, Yunnan, China. All 
patients were required to provide written informed consent.

Study design

Sixty-four patients with MDS-related diseases were 
admitted to the First Affiliated Hospital of Kunming 
Medical University between 2017 and 2019 and were 
enrolled in this study. Among the 64 patients, 32 were 
diagnosed with MDS, 27 with suspected MDS symptoms, 
and 5 with metastasis. We analyzed the mutation genes 
of these three groups of patients before chemotherapy, 
radiation, or other biological treatments, calculated the 
mutation frequency, and analyzed the GO, KEGG, PPI, 
and gene survival curves of mutations in these patients. All 
patients in this study signed written informed consent.

MICM and positron emission tomography-computed 
tomography (PET-CT) detection of patients

MICM refers to morphological, immunology, cytogenetical, 
and molecular biology. In the basic testing protocol, 
patients were tested for physical signs of disease, routine 
blood tests, erythrocyte sedimentation rate, and PET-CT, 
and the results were confirmed by pathologists (17,18). In 
the morphological protocol, patients were tested by bone 
marrow biopsy. In the immunology protocol, patients were 
tested by flow cytometry. In the cytogenetical protocol, 
karyotype analysis of bone marrow was conducted. In 
the molecular biological protocol, 32 mutant genes were 
detected and analyzed by NGS (Illumina Miseq, Santiago, 
CA, USA), including IDH1, IDH2, TET2, ASXL1, SETBP1, 
TP53, CBL, FLT3-ITD, NPM1, KIT, DNMT3A, RUNX1, 
U2AF1, PHF6, NRAS, KRAS, SRSF2, ETV6, MPL, JAK2, 
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EZH2, SF3B1, CEBPA, SH2B3, FBXW7, ATM, FAT1, 
TNFRSF14, LRP1B, NOTCH1, ZRSR2, and CSF3R.

According to the vendor’s instructions, the NGS 
sequencing DNA from peripheral blood was extracted by 
QIAamp DNA Blood Mini Kit (Qiagen Inc., Dusseldorf, 
Germany).  The l ibrary was then constructed and 
validated, and the library’s large-scale parallel cloning and 
amplification analysis was performed. The sequencing 
process was then carried out. Quality control (QC) was 
performed to filter out low-quality reads from the raw 
FASTQ files. After data comparison, sorting, and de-
duplication, the indel region of the gene was re-aligned, 
and the base quality score recalibrator (BQSR) was carried 
out immediately. Following any variation detection, variant 
quality score recalibration (VQSR) was performed.

Bioinformatics method analysis
Bioinformatics methods such as GO, KEGG, and PPI were 
used to analyze mutant genes and proteins in MDS-related 
patients. We used two websites for biological analysis, 
STRING (https://string-db.org) for GO, KEGG, and 
PPI analyses (19-21), and CBIOPORTAL (http://www.
cbioportal.org) for mutation sites and the survival curve 
of mutant genes (22,23). Genes to query were entered 
into these two websites, and the results were viewed and 
collected.

The results of GO analysis can be expressed in three 

ways: biological process, cellular component, and molecular 
function. In this paper, we mainly analyzed genes that affect 
molecular function. According to the false discovery rate 
(FDR), we selected several items with a smaller FDR (the 
smaller the FDR, the smaller the error, and the higher the 
correlation) to analyze the genes commonly involved. A 
final group of 10 molecular functional items was selected in 
each group of patients for further analysis. Similarly, there 
were also 10 items for each group screened by the KEGG 
pathway analysis. It also uses the principle of small to large 
FDR concerning correlation. In particular, only two KEGG 
items were associated with MDS transformation-related 
patients, as fewer genes were involved.

The information from PPI analysis, gene survival curve, 
and mutation sites can be obtained by entering the name 
of each gene in the biological analysis websites used in this 
study.

Statistical analysis
IBM SPSS statistics software (International Business 
Machines Statistical Package for the Social Sciences, 
Version 20.0, IBM Corporation, Armonk, NY, USA) was 
used to analyze the data. The screening principle used 
for the data was the value of FDR. The basic screening 
condition was that the value of FDR could not be greater 
than 0.05. Since some of the three groups tested include 
many genes, leading to a large volume of output results, 
we screened the first 10 for comparative analysis, and these  
10 data points were enough for the analysis.

Results

Characteristics of MDS-related patients

There were 64 MDS-related patients enrolled. The types of 
disease and mutant genes in these patients were analyzed for 
common findings and trends to provide a prospective basis 
for future clinical review and treatment.

Diseases types of MDS-related patients

Table 1 shows that 50.00% (32 of 64) of patients were 
diagnosed as MDS, and 27 patients were suspected of 
MDS (42.19%). The remaining 5 patients associated with 
the transformation of MDS included 2 who progressed to 
acute leukemia (AL), 2 who progressed to AML, and 1 who 
progressed to acute non-lymphocytic leukemia (ANLL). 
The proportion of men and women was roughly the 

Table 1 Characteristics of MDS-related patients

Characteristics Number (patients) % (patients)

Age (years)

<25 5 7.81

25–49 11 17.19

50–74 36 56.25

≥75 12 18.75

Gender

Female 26 40.63

Male 38 59.38

Types of disease

MDS 32 50.00

Suspected MDS 27 42.19

MDS transformation-related 5 7.81

MDS, myelodysplastic syndrome.
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same. Epidemiology analysis showed that MDS is usually 
diagnosed in older patients over the age of 65 (18). In this 
study, 56.25% of patients aged between 50 and 74.

Gene characteristics of MDS-related patients
We calculated the type and number of mutant genes that 
appeared in the NGS results for the MDS-related patients, 
the mutation frequency of each mutant gene, and the 
mutation thermogram for each patient. The results are 
outlined in Figure 1, where ASXL1 was the most frequently 
found mutant gene in MDS-related patients, which was 
similar to results across the database, and the mutation 
frequency was 18.75%. The next most frequently found 
mutant genes after ASXL1 were TP53 and DNMT3A at 8 
and 7, respectively, with the mutation frequency of 12.5% 
and 10.94%, respectively.

Gene characteristics of MDS patients
Figure 2A shows the frequency of the mutant genes in 
patients with MDS. The mutation frequency for TP53 was 
the highest (21.88%, 7), followed by ASXL1 (18.75%, 6),  
and the mutation frequency of DNMT3A, NRAS, and 
SRSF2 were the same (12.50%, 4). There were 6 genes 
with a mutation frequency of 3.13%, and these were IDH1, 
FLT3-ITD, NPM1, KRAS, ETV6, and CEBPA, with the 
number of mutations being 1.

Among the 19 detected mutations, TP53 appeared 
more frequently alone, while other mutations often 
accompanied ASXL1. In patients with the ASXL1 mutation, 
ZRSR2, RUNX1, NARS, and other genes were detected 

concomitantly. This is also the case for DNMT3A, which is 
detected with IDH2 and TET2 mutations.

Gene characteristics of suspected MDS patients
Among the 27 suspected MDS patients, the mutation 
frequency and mutation number of the ASXL1 gene was the 
highest (14.81%, 4), followed by TET2 and U2AF1 (7.41%, 
2). The remaining 7 genes (IDH1, TP53, CBL, DNMT3A, 
RUNX1, PHF6, and SRSF2) had the same mutation 
frequency and mutation number (3.7%, 1) (Figure 2B,  
TET2). The TP53 gene, however, appeared in only one case 
in suspected MDS patients, and it appeared alone.

Gene characteristics of MDS transformation-related 
patients
There were 5 MDS-related patients associated with MDS 
transformation. Figure 2C was derived by counting the 
mutation frequencies and mutation numbers of these 
5 patients. Among the 8 mutation genes detected, the 
mutation frequencies of ASXL1, DNMT3A, and U2AF1 
were the same (40.00%, 2), and IDH2, SETBP1, RUNX1, 
ETV6, and CEBPA were the same (20.00%, 1). In patients 
where ASXL1 was detected, DNMT3A, U2AF1, IDH2, and 
ETV6 were also detected.

GO analysis of MDS-related patients

We used GO analysis to understand the molecular functions 
of mutation gene, and the results are shown in Table 2. 
For MDS patients, we selected the first 10 terms with the 
smallest values according to FDR, including organic cyclic 
compound binding, heterocyclic compound binding, nucleic 
acid binding, transcription regulator activity, and other 
molecular functions primarily involving ASXL1, CEBPA, 
DNMT3A, ETV6, NPM1, PHF6, RUNX1, SETBP1, SRSF2, 
and TP53. For the suspected MDS patients, the FDR value 
of nucleic acid binding, metal ion binding, and transcription 
regulator activity was 0.00087, which was the lowest value 
of all the 10 terms, with the most frequent genes being 
ASXL1, DNMT3A, PHF6, RUNX1, and TP53. Among 
the terms selected for the 5 MDS transformation-related 
patients, there were 10 genes involving molecular functions, 
of which 9 genes had an FDR value less than 0.01, including 
mainly CEBPA, ETV6, and RUNX1.

KEGG analysis of MDS-related patients

KEGG analysis is a comprehensive database resource 

Figure 1 Mutation frequency of MDS-related patients. MDS, 
myelodysplastic syndrome.

N=64

18.75%

12.50%

10.94%

7.81%
6.25%

4.69%

3.13%
1.56%

ASXL1
TP

53

DNM
T3

A
TE

T2

RUNX1

SRSF2
ID

H2
CBL

U2A
F1

PHF6

NRAS

SETB
P1

SF3
B1

ID
H1

ETV
6

CEBPA

ZRSR2

FL
T3

-IT
D
NPM

1
KRAS

20

15

10

5

0

M
ut

at
io

n 
fr

eq
ue

nc
y 

(%
)



Annals of Translational Medicine, Vol 9, No 19 October 2021 Page 5 of 14

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(19):1491 | https://dx.doi.org/10.21037/atm-21-4094

consisting of 16 main databases, which can be roughly 
divided into system information, genome information, and 
chemical information (3). KEGG pathway analysis is usually 
encoded by location-coupled genes on chromosomes, which 
is conducive to predicting gene function (24).

We used KEGG analysis to group a large number of 
differentially expressed genes (DEG) of MDS-related 
patients to reduce complexity and increase the experiment’s 
explanatory power by identifying the most affected 
pathways. The results are shown in Table 3.

For MDS patients, the mutant genes can be categorized 
using 10 terms. The FDR value of all items was less than 
0.01, but there were 7 items with FRD values less than 
0.00015, which were correlated with chronic myeloid 

leukemia (CML), AML pathways in cancer, thyroid cancer, 
bladder cancer, and microRNAs in cancer. The main genes 
involved were KRAS, NRAS, and TP53.

For the 27 suspected MDS patients, the mutant genes 
can be divided into 7 pathways. The FDR values of all 7 
pathways are less than 0.05, but the FDR values associated 
with the CML pathway are less than 0.01, that is, 0.00048. 
The genes involved in this pathway were CBL, RUNX1, and 
TP53.

For the 5 patients associated with MDS transformation, 
the mutant genes can be divided into 2 pathways, 
transcriptional misregulation in cancer and AML, with 
FDR values of 0.00058 and 0.0026, respectively. The genes 
involved were CEBPA, ETV6, and RUNX1.

Figure 2 Mutation thermogram and frequency of MDS-related patients. The red lattice represents a genetic mutation here, and the pink 
lattice represents no mutation here. The mutation frequencies of each gene are listed on the right-hand side of each grid. (A) Mutation 
thermogram and frequency of MDS patients. (B) Mutation thermogram and frequency of suspected MDS patients. (C) Mutation 
thermogram and frequency of MDS transformation-related patients. MDS, myelodysplastic syndrome.
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Table 2 The molecular function of MDS-related patients with GO analysis

Term description Observed gene count FDR Matching proteins in your network (labels)

The molecular function of MDS patients with GO analysis

Organic cyclic compound 
binding

17 5.4E–07 ASXL1, CEBPA, DNMT3A, ETV6, IDH1, IDH2, KRAS, NPM1, NRAS, 
PHF6, RUNX1, SETBP1, SF3B1, SRSF2, TET2, TP53, ZRSR2

Heterocyclic compound 
binding

17 5.4E-07 ASXL1, CEBPA, DNMT3A, ETV6, IDH1, IDH2, KRAS, NPM1, NRAS, 
PHF6, RUNX1, SETBP1, SF3B1, SRSF2, TET2, TP53, ZRSR2

Nucleic acid binding 13 1.69E–05 ASXL1, CEBPA, DNMT3A, ETV6, NPM1, PHF6, RUNX1, SETBP1, 
SF3B1, SRSF2, TET2, TP53, ZRSR2

Transcription regulator activity 11 1.69E–05 ASXL1, CBL, CEBPA, DNMT3A, ETV6, NPM1, PHF6, RUNX1, SETBP1, 
SRSF2, TP53

Isocitrate dehydrogenase 
(NADP+) activity

2 0.00016 IDH1, IDH2

DNA binding 10 0.00047 ASXL1, CEBPA, DNMT3A, ETV6, NPM1, PHF6, RUNX1, SETBP1, 
TET2, TP53

DNA-binding transcription 
factor activity

8 0.0017 CBL, CEBPA, DNMT3A, ETV6, PHF6, RUNX1, SETBP1, TP53

Binding 18 0.0024 ASXL1, CBL, CEBPA, DNMT3A, ETV6, IDH1, IDH2, KRAS, NPM1, 
NRAS, PHF6, RUNX1, SETBP1, SF3B1, SRSF2, TET2, TP53, ZRSR2

Transcription factor binding 5 0.0031 ASXL1, CEBPA, NPM1, RUNX1, TP53

Kinase binding 5 0.0046 CBL, CEBPA, NPM1, SRSF2, TP53

The molecular function of suspected MDS patients with GO analysis

Nucleic acid binding 8 0.00087 ASXL1, DNMT3A, PHF6, RUNX1, SRSF2, TET2, TP53, U2AFBP

Metal ion binding 9 0.00087 ASXL1, CBL, DNMT3A, IDH1, PHF6, RUNX1, TET2, TP53, U2AFBP

Transcription regulator activity 7 0.00087 ASXL1, CBL, DNMT3A, PHF6, RUNX1, SRSF2, TP53

Organic cyclic compound 
binding

9 0.0017 ASXL1, DNMT3A, IDH1, PHF6, RUNX1, SRSF2, TET2, TP53, U2AFBP

Heterocyclic compound 
binding

9 0.0017 ASXL1, DNMT3A, IDH1, PHF6, RUNX1, SRSF2, TET2, TP53, U2AFBP

Pre-mRNA binding 2 0.0033 SRSF2, U2AFBP

Receptor tyrosine kinase 
binding

2 0.0073 CBL, TP53

DNA binding 6 0.0074 ASXL1, DNMT3A, PHF6, RUNX1, TET2, TP53

Phosphoprotein binding 2 0.0091 CBL, PHF6

DNA-binding transcription 
factor activity

5 0.0107 CBL, DNMT3A, PHF6, RUNX1, TP53

The molecular function of MDS transformation-related patients with GO analysis

Nucleic acid binding 7 0.0022 ASXL1, CEBPA, DNMT3A, ETV6, RUNX1, SETBP1, U2AFBP

DNA binding 6 0.0022 ASXL1, CEBPA, DNMT3A, ETV6, RUNX1, SETBP1

Organic cyclic compound 
binding

8 0.0022 ASXL1, CEBPA, DNMT3A, ETV6, IDH2, RUNX1, SETBP1, U2AFBP

Table 2 (continued)
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PPI analysis of MDS-related patients

Since proteins affect drug therapy, more than 80% of 
proteins do not work alone in the body (25). Instead, they 
interact with other proteins participating in the same 
cellular process to perform specific cellular tasks and 
identify drug targets (26). Therefore, it is particularly 
important to research PPI in diseases.

We performed a PPI analysis of major genes in MDS-
related patients, as depicted in Figure 3. Each node (colored 
circle) in the graph represents a protein, and the lines 
between nodes represent the interaction between the two 
proteins.

Based on our previous finding on genes with higher 
mutation frequency in MDS-related patients, we found 
several proteins interacted strongly. These were NRAS and 
KRAS, ASXL1 and TP53, and IDH1 and IDH2 in MDS 
patients. In suspected MDS patients, these were DNMT3A 
and PHF6, and SRSF2 and U2AFBP. RUNX1 and CEBPA, 
DNMT3A and SETBP1, and RUNX1 and ETV6 proteins 
interacted strongly in MDS transformation-related patients.

Key gene mutation sites and survival curve in MDS 
patients

According to the previous analysis, we screened several key 
genes in MDS-related patients to figure out the mutation 

sites and survival curve (Figures 4,5). According to the 
survival curves, we can conclude that when mutations occur 
in DNMT3A, ASXL1, RUNX1, and U2AF1, their survival 
time decreases significantly.

Discussion

MDS, also known as a myelodysplastic disorder, is a chronic, 
clinical heterogeneous disease manifesting as a persistent 
decrease in peripheral blood cells and is a challenging 
bone marrow pathology to manage (27). Relying solely on 
routine tests to diagnose MDS can lead to delayed diagnosis 
and treatment of the condition.

The most suitable method to study gene function 
and regulation of gene expression would be using 
transcriptomics such as RNA sequencing. However, it is 
often difficult to directly relate transcriptional information 
using mutational sequencing information such as data 
presented in this study. With the advancement of genome 
sequencing (28), information about gene pathways, 
mutation processes, and the key factors influencing the 
fundamental roles of genes has been discovered. Analysis of 
this data can be achieved by bioinformatics methods such as 
GO, KEGG, and PPI analysis (13).

The pathophysiology of MDS and its progression 
to AML involve cytogenetic, genetic, and epigenetic 
aberrations (29). NGS can simultaneously detect signals of 

Table 2 (continued)

Term description Observed gene count FDR Matching proteins in your network (labels)

Transcription regulator activity 6 0.0022 ASXL1, CEBPA, DNMT3A, ETV6, RUNX1, SETBP1

Heterocyclic compound 
binding

8 0.0022 ASXL1, CEBPA, DNMT3A, ETV6, IDH2, RUNX1, SETBP1, U2AFBP

DNA-binding transcription 
factor activity, RNA polymerase 
II-specific

5 0.0024 CEBPA, DNMT3A, ETV6, RUNX1, SETBP1

DNA-binding transcription 
activator activity, RNA 
polymerase II-specific

3 0.0046 CEBPA, ETV6, RUNX1

RNA polymerase II proximal 
promoter sequence-specific 
DNA binding

3 0.0052 CEBPA, ETV6, RUNX1

Transcription factor binding 3 0.0099 ASXL1, CEBPA, RUNX1

Transcription coactivator 
activity

2 0.0255 ASXL1, CEBPA

MDS, myelodysplastic syndrome; GO, Gene Oncology; FDR, false discovery rate.
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thousands of channels, thus greatly improving efficiency. 
More and more genetic mutations in MDS patients have 
been detected and these mutations may serve as potential 
markers to extend the prognostic parameters in AML. 
Detailed selection of targeted therapies can help us to 
explore more about the potential pathways or resistance 
mechanisms (16). We have found many somatic cell 
mutations in MDS through NGS, which can be grouped 
into different functional pathways, such as RNA splicing 

factors (SF3B1, U2AF1, SRSF2, and ZRSR2) (30), DNA 
methylation (DNMT3A, TET2, and IDH1/2) (31), histone 
modification (ASXL1 and EZH2) (32), transcription factors 
(RUNX1, ETV6, and WT1) (33), and others. Based on 
the results of gene frequencies and the PPI network, we 
obtained several key genes with high mutation frequency 
and strong protein interaction to observe their relationship 
with disease prognosis, and these were ASXL1, DNMT3A, 
KRAS, NRAS, TP53, SF3B1, and SRSF2. GO analysis 

Table 3 KEGG analysis of MDS-related patients

Term description Observed gene count FDR Matching proteins in your network (labels)

KEGG analysis of MDS patients

CML 5 8.86E–07 CBL, KRAS, NRAS, RUNX1, TP53

AML 4 2.1E–05 CEBPA, KRAS, NRAS, RUNX1

Central carbon metabolism in cancer 4 2.1E–05 IDH1, KRAS, NRAS, TP53

Pathways in cancer 6 0.00012 CBL, CEBPA, KRAS, NRAS, RUNX1, TP53

Thyroid cancer 3 0.00013 KRAS, NRAS, TP53

Bladder cancer 3 0.00014 KRAS, NRAS, TP53

MicroRNAs in cancer 4 0.00015 DNMT3A, KRAS, NRAS, TP53

Transcriptional misregulation in cancer 4 0.00021 CEBPA, ETV6, RUNX1, TP53

Endometrial cancer 3 0.00025 KRAS, NRAS, TP53

Mitophagy—animal 3 0.00029 KRAS, NRAS, TP53

KEGG analysis of suspected MDS patients

CML 3 0.00048 CBL, RUNX1, TP53

Central carbon metabolism in cancer 2 0.0163 IDH1, TP53

Pathways in cancer 3 0.041 CBL, RUNX1, TP53

MicroRNAs in cancer 2 0.041 DNMT3A, TP53

Herpes simplex infection 2 0.0417 SRSF2, TP53

Transcriptional misregulation in cancer 2 0.0417 RUNX1, TP53

Proteoglycans in cancer 2 0.0417 CBL, TP53

CML 3 0.00048 CBL, RUNX1, TP53

Central carbon metabolism in cancer 2 0.0163 IDH1, TP53

Pathways in cancer 3 0.041 CBL, RUNX1, TP53

KEGG analysis of MDS transformation-related patients

Transcriptional misregulation in cancer 3 0.00058 CEBPA, ETV6, RUNX1

AML 2 0.0026 CEBPA, RUNX1

KEGG, Kyoto Encyclopedia of Genes and Genomes; MDS, myelodysplastic syndrome; FDR, false discovery rate; CML, chronic myeloid 
leukemia; AML, acute myeloid leukemia.
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showed that these genes were mainly related to biological 
life process, in which nucleic acid binding components can 
participate in gene expression and replication (34), DNA-
binding transcription factor activity can regulate cancer stem 
cell characteristics in liver hepatocellular carcinoma (35),  
and transcriptional regulatory functioning can react to 
specific cell signals in response to nutritional status (36). 

KEGG analysis shows that the detected genes not only play 
a role in MDS but also participate in the development of 
many other diseases, such as chronic myelogenous leukemia 
and acute myelogenous leukemia, which is consistent with 
the finding that MDS is easily transformed into AML.

In this study, we found that ASXL1 was the most 
frequent mutant gene among all detected genes. ASXL1 

Figure 3 PPI of MDS-related patients. (A) PPI of MDS patients. (B) PPI of suspected MDS patients. (C) PPI of MDS transformation-
related patients. Each node represents all proteins produced by a single protein-coding gene locus. Colored nodes represent query proteins 
and the first shell interactors; white nodes represent second shell interactors. Empty nodes represent proteins of unknown 3D structure; 
filled nodes represent some 3D structure that is known or predicted. The light blue line and dark purple line represent known interactions 
from curated databases and experimentally determined; dark green line represents predicted interactions from gene neighborhood; red line 
represents predicted interactions from gene fusions; dark blue line represents predicted interactions from gene co-occurrence; light green 
line represents text mining; dark grey line represents co-expression; light purple line represents protein homology. PPI, protein-protein 
interaction; MDS, myelodysplastic syndrome.
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Figure 4 Key gene mutation sites of MDS-related patients. (A) Key gene mutation sites of MDS patients. (B) Key gene mutation sites of 
suspected MDS patients. (C) Key gene mutation sites of MDS transformation-related patients. MDS, myelodysplastic syndrome.

is found in many myeloid malignant tumors, such as 
AML (37), MDS (32), chronic myelomonocytic leukemia  
(CMML) (38) ,  and myeloproli ferat ive neoplasms  
(MPN) (39). Researchers analyzed existing data and found 
that in most cases of secondary AML with multilineage 
dysplasia, ASXL1 mutation exists not only in the chronic 
phase but also in the acute phase in confirmed cases of 
MDS transformation, inferring that an ASXL1 mutation 
may be an early mutation gene in leukemia (39). In 
MDS, the progression time of AML in patients with the 
ASXL1 mutation was significantly shortened, and it was 
related to poor prognostic outcomes. Detection of this 
gene in patients is helpful for clinical risk stratification 
and treatment planning (40). Moreover, we can see that 
ASXL1, RUNX1 or NARS, and other genes often appeared 
concurrently, further illustrating the interaction between 
genes.

Gene methylation can significantly modify temporal 
and spatial gene expression leading to change in protein 
function. In our manuscript, we have addressed that 
DNMT3A was found to be significantly mutated among 
MDS patients and such could potentially alter disease 
related gene expression and protein function. In MDS, past 
studies have reported that methylation related gene TET2 
and IDH1/2 can dramatically change the overall genome 
methylation patterns and could be used as biomarkers 

for methylation related diagnostic techniques (41). 
Interestingly, the overall survival (OS) of patients with the 
DNMT3A mutation was worse (consistent with our analysis 
in Figure 5), and the progress was faster than those without 
the DNMT3A mutation, which may indicate the prognostic 
value of DNMT3A mutation in new-onset MDS (31), and it 
was similar to previous studies (42). The literature pointed 
out that patients with more than two gene mutations 
(DNMT3A and KRAS/NRAS) had poorer progression-free 
survival (PFS) rates and OS.

RAS, FLT3, and TP53 genes played an important role 
in regulating proliferation, differentiation, and apoptosis, 
and their abnormalities were related to the pathogenesis 
of MDS (43). In our study, a 21.88% mutation frequency 
for TP53 was found in MDS patients, which is similar to 
a previous study (44). Results found that TP53 mutations 
are highly associated with high risk and type of treatment 
and are often associated with complex karyotypes. The 
discovery of a TP53 mutation may lead to a poor prognosis 
for some hematological malignant tumors such as AML 
and MDS and may affect the progress of the disease and 
cause adverse reactions to treatment (45-47). Studies have 
shown that TP53 mutations can occur several years before 
the disease progresses and are responsible for the increased 
risk of leukemia evolution (41-43). Conventional clinical 
features cannot predict these mutations, and its previously 
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Figure 5 Partial gene survival curves in MDS-related patients. (A,B) Survival curve of genes with high mutation frequency in MDS patients. 
(C) Survival curve of genes with high mutation frequency in suspected MDS patients. (D) Survival curve of genes with high mutation 
frequency in MDS transformation-related patients. MDS, myelodysplastic syndrome.
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unrecognized heterogeneity may significantly impact 
clinical decision-making (48). The activation of RAS proto-
oncogene is the most common molecular abnormality in 
MDS (49), and RAS and TP53 frequently occur in AML 
and MDS pathways, which illustrates their importance in 
diagnosis and treatment.

SRSF2  was associated with a poor prognosis of  
MDS (50), which had a mutation frequency of 12.5% in 
MDS patients in this study, indicating that it could become 
valuable in future clinical risk stratification and treatment 
decision-making models. The mutation frequency of SF3B1 
was 9.38%. Studies have shown that the SF3B1 mutation 
was independently associated with better OS and a lower 
risk of AML evolution (51). Since the SF3B1 mutation is 
an independent factor that can predict clinical outcomes, 
incorporating it into a hierarchical system may improve the 
risk assessment of MDS.

Conclusions

In conclusion, MDS is a group of clonal hematopoietic 
stem cell diseases and tends to transform into AL. By 
employing bioinformatics analytical methodology, detecting 
and monitoring genes with high mutation frequency at the 
genetic level can prompt the early detection of this disease. 
This would provide timely clinical guidance on prognosis 
and treatment and improve survival rates for these patients.
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