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Abstract: The present study aimed to explore the abnormal metabolites of patients with myelodysplastic syndrome 
(MDS) using liquid chromatography-hybrid quadrupole time-of-flight mass spectrometry (LC-QTOF-MS). Both serum 
and urine samples from 20 patients with MDS (MDS group) and 20 healthy volunteers (normal control, NC group) 
were collected, and the metabolite profiles were analyzed systematically using LC-QTOF-MS. Untargeted substantial 
differences were detected between the metabolite signatures of the MDS and NC groups using partial least-squares 
discriminant analysis. A total of 12 metabolites in the amino acid and nucleotide metabolic pathways presented 
abnormal levels in the serum. Abnormalities were also detected in 7 metabolites in the urine. Thus, these identified 
abnormal metabolites suggested a substantial metabolite disorder in patients with MDS, which would be valuable 
in further investigation and diagnosis of MDS.
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Introduction

Myelodysplastic syndrome (MDS) is a malig-
nant stem-cell disease characterized by inef-
fective and dysplastic hematopoiesis [1]. The 
incidence and prevalence of the disease is 
about 4/100,000 and 7/100,000 individuals/
year, respectively [2]. Presently, the diagnosis 
of MDS relies on the morphological assess-
ment of the peripheral blood and bone marrow, 
conventional cytogenetics, and exclusion of 
secondary causes of dysplasia [3]. However, 
diagnosis can be challenging due to the heavy 
reliance on the morphological assessment of 
MDS [4]. Blood tests usually do not establish 
the presence of the disease unambiguously 
during the early stages or remission, and exam-
ination of the smears of bone marrow aspi-
rates, and immunologic methods are not ade-
quate in early diagnosis because the symp- 
toms are often vague and unspecific [2, 3]. 
Therefore, identifying biomarkers for early, non-
invasive detection of MDS could be a life- 
saving intervention. 

Nontargeted metabolite profiling or metabolo-
mics is a hypothesis-free study approach that 
finds the differences in metabolite profiles 
among study subjects, thereby identifying the 
novel small-sized molecular biomarkers for dis-
ease progression or prevention [5]. A holistic 
view of the metabolites can be obtained by 
metabolomics methods with respect to amino 
acids, carbohydrates, lipids, peptides, nucleic 
acids, and vitamins in specific cells, tissues, or 
body fluids [6]. A recent clinical study showed 
that 9 metabolites were altered significantly in 
20 serum samples from 10 patients with acute 
myeloid leukemia (AML) [7]. Other studies also 
confirmed the systemic supply disorder of nutri-
ents, especially amino acid and fatty acid 
metabolism in AML cells [8, 9]. In a previous 
study, we identified multiple metabolite abnor-
malities in the serum of patients with bone mar-
row failure syndrome (BMFS) [10]. Thus, metab-
olomics is an emerging approach to studying 
the metabolism of systemic hematological dis-
eases, which will be helpful in identifying the 
specific metabolites as diagnostic or prognos- 
tic markers of these diseases [11]. 
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MDS is a specific form of acquired BMFS [12, 
13], characterized by disrupted differentiation 
and maturation and altered bone marrow stro-
ma [14]. Moreover, about 25% of all patients 
with MDS eventually evolve into having AML  
in subsequent disease development [15, 16]. 
Although metabolomics has been widely used 
to investigate BMFS [10, 13] and AML [17, 18], 
there are few reports on the metabolite profiles 
of MDS throughout the world. In this study, we 
assessed the presence of abnormal meta- 
bolite profiles in the serum and urine of MDS 
patients and further evaluated the potentially 
disordered metabolite pathway in patients with 
MDS.

Patients and methods

Patients

Between December 2017 and November 2019, 
20 patients with MDS were treated at the 
Hematology ward of the Second Affiliated 
Hospital of Qiqihar Medical College. The study 
was approved by the Qiqihar Medical College 
Ethics Committee, according to the Declaration 
of Helsinki. All individual participants provided 
informed consent before participation in this 
study. All patients were diagnosed for the first 
time according to the 2016 World Health 
Organization (WHO) classification scheme for 
MDS [3]. The cohort was comprised of 9 males 
and 11 females. In addition, 20 healthy indi-
viduals, consisting of 12 males and 8 females, 
were recruited as normal controls (NC). Serum 
and urine samples were collected in accor-
dance with the approved guidelines. Briefly, 
after overnight fasting (for at least 10 h), blood 
samples were collected by venipuncture in  
BD tubes. Serum was collected by resting the 
blood samples at 4°C for 2-3 h, followed by  
centrifugation at 3,000 rpm, 4°C for 20 min. 
Then, the serum samples were divided into two 
parts. One was subjected to laboratory mea-
surements, including white blood cell count 
(WBC), neutrophil count (Neu), hemoglobin le- 
vel (HGB), and platelet count (PLT) on a Hita- 
chi 7600 Clinical Chemistry Analyzer (Hitachi, 
Japan). The other part of the specimine was fro-
zen at -80°C for further metabolic analysis. 
Similarly, clean morning urine samples were 
collected from all participants and frozen at 
-80°C for further testing.

Sample preparation

The samples for the analysis of the two groups 
were prepared as described previously [10]. 
Briefly, serum and urine samples were thawed 
at 4°C for 50 min and vortexed for 30 s. An 
equivalent of 100 µL sample was mixed with 
400 µL of acetonitrile and vortexed for 2 min. 
The supernatant was collected by centrifuga-
tion at 14,000×g, 4°C for 15 min. A volume of 
100 µL was transferred into another tube and 
dried on a heat block at 35°C under a gentle 
stream of nitrogen gas. The pellet was dis-
solved in 100 µL of acetonitrile/water (1:3, v/v) 
and vortexed for 1 min. An equivalent of 100  
µL supernatant, collected by centrifugation at 
14,000×g, 4°C for 15 min, was transferred to 
the autosampler vials and injected into liquid 
chromatography-hybrid quadrupole time-of-fli- 
ght mass spectrometry (LC-QTOF-MS) for analy-
sis. To ensure the stability and repeatability of 
the UPLC/MS system, pooled quality control 
(QC) samples were prepared by mixing equal 
amounts of supernatant samples from the two 
groups.

Chromatography

A volume of 10 µL pre-treated samples was 
injected on a 3.0 × 100 mm (1.8 µm) ZORBAX 
SB-C18 column (Agilent Technologies, USA) for 
RRLC. The MS chromatography was obtained 
by electrospray ionization (ESI) source under 
two sets of mobile phases, positive-ion (ESI+) 
and negative-ion (ESI-) modes. The mobile 
phase for ESI+ was a mixture of acetonitrile 
containing 0.1% formic acid (A) and water con-
taining 0.1% formic acid (B). The mobile phase 
for ESI- was a mixture of acetonitrile (A) and 
water (B). For both modes, a linear mobile 
phase gradient was used as follows: 2% A, held 
for 1 min; 1-18 min, increased to 98% A; 18-21 
min, held at 98% A; 21-21.1 min, decreased to 
2% A and 21.1-28 min, held at 2% A. The mobile 
phase flow rate was 0.3 mL/min at 40°C [19].

Mass spectrometry

MS was performed on an Agilent 6530-QTOF 
(Agilent Technologies) equipped with ESI+ and 
ESI- modes. The capillary voltage was set at 4.0 
kV for the ESI+ mode and 3.5 kV for the ESI- 
mode. The desolution gas adopted nitrogen at 
a flow rate of 10 L/min at 350°C. Then, cen-
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troid data were collected in full scan mode from 
50-1,000 m/z.

Data preprocessing and annotation

The data were input into a Mass-Hunter Quali- 
tative Analysis Software (Agilent Technologies) 
to obtain mz data-format files, which were then 
imported to the XCMS package in R for prepro-
cessing [xcmsSet (fwhm = 10); group (minfrac 
= 0.5, bw = 30)]. The results included the re- 
tention time, m/z values, and peak intensity. 
CAMERA in R was used for annotation of iso-
tope peaks, adducts, and fragments in the 
peak lists [20]. After data processing, 1,142 
ions were obtained from serum and 493 from 
urine in the ESI+ mode, while 525 ions were 
detected in serum and 401 in urine in the ESI- 
mode. All data were subjected to further statis-
tical analysis. 

Statistical analysis

First, the grouping trend and the abnormal val-
ues were detected by principal component 
analysis (PCA) method [21]. Subsequently, the 
metabolic patterns of the two groups (MDS  
and NC) were investigated using partial least 
squares discriminant analysis (PLS-DA) [22, 
23]. The variable importance in the projection 
(VIP) was calculated based on PLS-DA model. 
The significance of metabolites was deter-
mined using non-parametric Wilcoxon testing, 
and the corresponding false-discovery rate 
(FDR) value was corrected for multiple test 
results. The criteria of metabolic markers were 
as follows: VIP>1 and FDR<0.05. The 100-itera-
tion replacement test was carried out to deter-
mine the match level of the PLA-FDA model. 
The PCA and PLS-DA tests were carried out 
using SIMCA-P software, while the other statis-

Results

Clinical characteristics of subjects

A total of 20 patients with MDS (F/M = 9/11, 
average age = 68.4 ± 23.5 years) comprised 
the MDS group and 20 healthy individuals 
(female: male ratio = 12:8, average age = 
62.25 ± 27.23 years) were enrolled in the NC 
group. The serum characteristics, including the 
WBC, Neu, HGB, and PLT count, were compared 
between the two groups (Table 1). Compared to 
the NC group, the WBC, Neu, HGB, and PLT val-
ues were significantly lower in the MDS group 
(P<0.01). These changes also match the clini-
cal diagnostic criteria of MDS.

Quality control evaluation 

Figure 1 shows that the PCA on serum and 
urine samples evaluated the dispersion degree 
of our metabolic profiling. The results revealed 
that the QC samples are tightly clustered in the 
PCA score plots, indicating the robustness of 
our metabolic profiling platform. 

PLS-DA model analysis

The differences in the serum and urine sam-
ples were determined by a supervised PLS-DA 
modeling between the two groups, as shown in 
Figures 2 and 3. The current results showed a 
clear distinction between the NC and MDS 
groups in the ESI+ and ESI- modes. The PLS-DA 
models consisted of two predictive compo-
nents in the ESI+ mode (R2Ycum = 0.941, 
Q2cum = 0.917) and two components in the 
ESI- mode (R2Ycum = 0.902, Q2cum = 0.855) 
in serum. The PLS-DA models contained two 
predictive components in the ESI+ mode 

Table 1. Descriptive characteristics of MDS and NC groups in age, 
sex, and routine blood tests
Characteristic MDS group (n = 20) NC group (n = 20) t value P value
Gender (M/F) 9/11 12/8
Age 63.1 ± 14.65 61.8 ± 17.59 0.25 P = 0.08
WBC 1.73 ± 0.94 6.79 ± 1.16 15.18 P<0.001
Neu 0.74 ± 0.60 4.36 ± 1.21 12.00 P<0.001
HGB 68.75 ± 22.56 140.3 ± 12.2 12.48 P<0.001
PLT 61.8 ± 65.74 217.7 ± 44.18 8.80 P<0.001
Abbreviations: WBC, white blood cell count; Neu, neutrophil count; HGB, hemoglobin 
level; PLT, platelet count.

tical analyses were conduct-
ed on the R platform [24]. In 
addition, Student’s t-test was 
employed to evaluate the 
clinical characteristics (age, 
WBC, Neu, HGB, and PLT) in 
the MDS and NC groups us- 
ing Prism 6.0 software (Gra- 
phPad, USA). All data were 
reported as the mean ± the 
standard deviation. P<0.05 
or 0.01 was considered sta-
tistically significant.
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(R2Ycum = 0.966, Q2cum = 0.867) and two 
components in the ESI- mode (R2Ycum = 
0.910, Q2cum = 0.648) in urine. We also con-
ducted a permutation test with 100 iterations 
containing two predictive components to avoid 
overfitting [25]. The results showed that al- 
most all the permuted Q2cum values were 
lower than the original values (Figures 2B, 2D, 
3B, and 3D), assuring the validity of our super-
vised models. 

Abnormal metabolic profile in serum

In the present study, 12 metabolites exhibited 
significant differences in the serum between 
MDS subjects and healthy individuals (Table 2). 
The heat map also suggested the dynamic 
changes in the metabolites between the MDS 
and NC groups, including the expression levels 
for each metabolite in every sample (Figure 
4A). The results showed that the levels of ara-
chidonic acid, proline, pyroglutamic acid, his-
tidinyl-aspartate, homoserine, purine, uridine, 

deoxyadenosine, hypoxanthine, phenylalanyl-
phenylalanine, phosphatidylcholine (PC) [20:5 
(5Z, 8Z, 11Z, 14Z, 17Z)/0:0], and CDP-DG 
(I-12:0/I-13:0) were disordered in the serum 
samples of the MDS group compared to healthy 
individuals. These metabolites are also repre-
sented as the mean and standard error of the 
mean on a bar graph (Figure 5) to evaluate  
the increasing or decreasing tendency of each 
metabolite in the MDS group. 

Disordered metabolic profile in urine

Table 3 shows significant differences in the 
urine samples between the two groups. Com- 
pared to the metabolites in the NC group, the 
levels of arginine, prolyl-tyrosine, hydroxyprolyl-
isoleucine, deoxyadenosine, and orotidine we- 
re decreased in the patients with MDS, while 
those of methionyl-alanine and adenosine were 
elevated. Similar trends of these metabolites 
were also observed on heat maps (Figure 4B) 
and bar graphs (Figure 6).

Figure 1. PCA score plots discriminating serum and urine samples between MDS and NC groups. QC samples were 
tightly clustered, suggesting a stable metabolic profiling platform. A. The PCA of serum under ESI+ mode. B. The PCA 
of serum under ESI- mode. C. The PCA of urine under ESI+ mode. D. The PCA of urine under ESI- mode. QC samples 
were tightly clustered, which suggested that the metabolic profiling platform was stable.
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Figure 2. PLS-DA score plots and validation plots discriminating the serum samples between the MDS and NC 
groups. A. PLS-DA score plots discriminating serum sample of MDS and NC groups in the ESI+ mode. B. Validation 
plot discriminating serum sample of MDS and NC groups in the ESI+ mode. C. PLS-DA score plots discriminating 
serum sample of MDS and NC groups in the ESI- mode. D. Validation plot discriminating serum sample of MDS and 
NC groups in the ESI- mode.

Discussion

Abnormal amino acid metabolites in MDS

Amino acids are the major nutrients in the  
body, involved in the synthesis of proteins, fatty 
acids, and ketones and vital physiological pro-
cesses, such as glycolysis and tricarboxylic 
acid circulation [26, 27]. Proline is a non-essen-
tial amino acid synthesized by glutamate, the 
main component of collagen, and is crucial for 
the normal function of bone marrow [28]. It al- 
so combines with cytoskeleton-modulating pro-
tein profilin 1 and plays a major role in regulat-
ing the metabolism of hematopoietic stem cells 
[29]. Importantly, abnormal proline metabolism 
has been reported in bone marrow-derived dis-
eases, such as AML [30]. Pyroglutamate, a pro-
line derivative, is the main intermediate of argi-
nine and proline metabolism pathway together 
with proline [31]. Therefore, proline and pyro-
glutamic acid levels were abnormal in the 
serum of MDS patients in this study, indicating 

disordered arginine and proline metabolic path-
ways in MDS patients.

We also detected phenylalanine and aspartate-
histidine abnormalities in the serum of MDS 
patients. Phenylalanine, together with tyrosine, 
synthesizes critical neurotransmitters and hor-
mones in the body’s glucose and fat metabo-
lism [32]. Aspartate-histidine is an unstable 
dipeptide in the body and is rapidly degraded 
by enzymes into aspartic acid and histidine 
[33]. Aspartic acid is also closely related to 
ornithine cycle, which is involved in the conver-
sion of ammonia into urea [34]. It is also 
involved in the synthesis of the precursors of 
amino acids, such as isoleucine, methionine, 
purines, and pyrimidine bases [35]. Histidine 
can form coordination compounds with iron 
and other metal ions to promote iron absorp-
tion, prevent anemia, initiate deamination to 
form oxaloacetic acid, and participate in the 
ATP cycle [36]. Therefore, the current results 
suggested that MDS patients may be compli-
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Figure 3. PLS-DA score plots and validation plots discriminating the urine samples between the MDS and NC groups. 
A. PLS-DA score plots discriminating urine sample of MDS and NC groups in the ESI+ mode. B. Validation plot 
discriminating urine sample of MDS and NC groups in the ESI+ mode. C. PLS-DA score plots discriminating urine 
sample of MDS and NC groups in the ESI- mode. D. Validation plot discriminating urine sample of MDS and NC 
groups in the ESI- mode.

Table 2. Detailed information about 12 serum abnormal metabolomics biomarkers in MDS and NC 
groups
Number Name m/z RT(s) P FDR VIP mode
1 Proline 116.07 53.61 0.0012 0.0175 1.12 ESI+
2 Deoxyadenosine 249.15 1390.08 2.01E-07 5.10E-06 1.87 ESI+
3 Arachidonic acid 305.25 1286.58 0.0027 0.0400 1.05 ESI+
4 PC [20:5 (5Z, 8Z, 11Z, 14Z, 17Z)/0:0] 542.32 1023.87 0.0005 0.0070 1.23 ESI+
5 L-Homoserine 118.05 51.58 0.0004 0.0029 1.08 ESI-
6 Purine 119.04 51.04 0.0068 0.0479 1.19 ESI-
7 Pyroglutamic acid 128.04 60.11 2.06E-07 1.83E-06 1.38 ESI-
8 Hypoxanthine 135.03 55.11 3.74E-06 2.99E-05 1.32 ESI-
9 Uridine 243.06 56.97 8.52E-07 9.89E-06 1.02 ESI-
10 Histidinyl-aspartate 269.09 88.68 0.0080 0.0479 1.14 ESI-
11 Phenylalanyl-phenylalanine 311.14 477.01 0.0001 0.0009 1.28 ESI-
12 CDP-DG (I-12:0/I-13:0) 854.39 52.97 3.93E-05 0.0003 1.26 ESI-

cated with phenylalanine and tyrosine meta-
bolic disorder as well as histidine and aspartic 
acid metabolic disorder.

The excretion of metabolites in urine indirectly 
reflects the metabolic processes in the body. In 

the present study, we found abnormal levels of 
arginine, proline-tyrosine, hydroxyproline-iso-
leucine, and methionine-alanine in the urine  
of MDS patients. Arginine, an essential amino 
acid, is involved in ornithine cycle and is the 
substrate for the synthesis of nitric oxide. Cull 
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et al. [37] reported that abnormal arginine 
metabolism occurred in the bone marrow cells 
of MDS patients, which was associated with 
the immune dysregulation of MDS patients. 
Hydroxyproline is an amino acid derivative with 
a structure and function similar to that of pro-
line [38]. Methionine is activated by ATP and is 
continuously converted to S-adenosylmethio- 
nine, which is then demethylated to S-ad- 
enosylhomocysteine [39]. Alanine is one of the 
major gluconeotropic substrates in the human 
body. It produces glucose and converts amino 
nitrogen into urea [40]. Therefore, these abnor-
mal amino acid metabolites in the urine of MDS 
patients also confirmed the above conclusion. 
These metabolic pathway disorders may be 
related to anemia, energy metabolism abnor-
mality, immune disorders, and leukemia trans-
formation in patients with MDS.

Disordered nucleotide metabolites in MDS

Nucleotides are the final products of purine  
and pyrimidine metabolism. Some nucleotides 
(such as hypoxanthine) depend mainly on the 
metabolic processes in the body, while others 

(such as uridine) depend on the nutritional  
factors [41]. Purines consist of adenine, gua-
nine, hypoxanthine, and xanthine. Adenosine is 
first converted to deoxyadenosine and then 
converted to hypoxanthine, which is then con-
verted to adenine or guanineusing hypoxan-
thine-guanine phosphate ribose transferase 
(HPRT) or adenine phosphate ribose transfer-
ase [42, 43]. These are the scaffold substrates 
of nucleic acid, coenzyme, allosteric regulator, 
and cell energy intermediates that play a major 
role in energy supply, metabolism regulation, 
and composition of coenzymes [43]. The cur-
rent results showed that the purines, deoxy-
adenosine, and hypoxanthine, are increased in 
serum samples, suggesting purine metabolism 
disorder in MDS patients. Strikingly, increased 
adenosine and decreased deoxyadenosine in 
urine samples also indirectly supported this 
conclusion.

Pyrimidine is the precursor of nucleic acids  
with crucial physiological roles in the cell. Pyri- 
midines include uracil, cytosine, and thymine. 
Uracil plus a ribose forms uridine [44], which  
is an essential pyrimidine nucleotide for RNAs 
synthesis; it maintains cellular function and 
energy metabolism [45]. Orotidine is an inter-
mediate in uridine synthesis and is converted 
to uridine monophosphate (UMP) by orotidine 
monophosphate (OMP) decarboxylase cataly-
sis [46]. The uridine biosynthetic pathway disor-
der leads to orotic aciduria. Uridine also acts as 
a substrate to provide CDP-DG for PC biosyn-
thesis through the Kennedy pathway [47]. PC is 
not only the main component of the membrane 
lipid bilayer structure but also the storage lipid 
of arachidonic acid [48]. Arachidonic acid is a 
direct precursor of prostaglandin and thrombin, 
which helps to regulate the WBC function and 
PLT activation [49]. Homoserine is a critical 
metabolic substance that participates in the 
biosynthesis of purines and pyrimidines [50]. In 
the present study, uridine, homoserine, CDP-
DG (I-12:0/I-13:0), and PC [20:5 (5Z, 8Z, 11Z, 
14Z, 17Z)/0:0] were abnormal in the serum of 
MDS patients, while orotidine was abnormal in 
the urine samples. These findings suggested 
that hematopoietic system disorders and ma- 
lignant transformation of leukemia in MDS 
patients might be related to the abnormal me- 
tabolism of nucleotides and disordered Ken- 
nedy’s metabolic pathway.

Figure 4. Heat map demonstrating the dynamic 
changes in the biomarkers of the MDS and NC 
groups in the serum and urine, which illustrates ex-
pression levels of each metabolite in every sample. 
Each box represents a sample. A. Heat map dem-
onstrating dynamic changes in biomarkers for MDS 
and NC groups in serum, which illustrates expression 
levels of each metabolite in every sample. Each box 
represents a sample; B. Heat map demonstrating 
dynamic changes in biomarkers for MDS and NC 
groups in urine.
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Figure 5. Metabolite profiles of potential biomarkers in the serum of MDS and NC groups (*P<0.05, **P<0.01).

Table 3. Detailed information about 7 urine abnormal metabolomics biomarkers between MDS and 
NC groups
Number Name m/z RT(s) P FDR VIP mode
1 l-arginine 189.14 52.53 0.0007 0.0126 1.6989 ESI+
2 Methionyl-alanine 221.10 57.80 0.0053 0.0344 1.6495 ESI+
3 Hydroxyprolyl-Isoleucine 245.15 59.41 0.0024 0.0203 1.4209 ESI+
4 Deoxyadenosine 252.11 60.19 0.0035 0.0344 1.5765 ESI+
5 Prolyl-tyrosine 279.13 51.93 0.0002 0.0106 1.4664 ESI+
6 Orotidine 289.07 887.47 0.0062 0.0350 1.3691 ESI+
7 Adenosine 266.09 55.165 0.0006 0.0094 1.7372 ESI-

Nevertheless, the present study has some li- 
mitations. Firstly, the small number of cases 
included in this study might bias the results. 

Secondly, the inability to control the type of 
food consumed by patients prior to sample col-
lection might also render bias to the results. 
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Finally, we did not identify the abnormal me- 
tabolites, which will be the focus of our future 
studies.

Conclusion

In the current study, abnormal metabolites 
were investigated using LC-QTOF-MS techni- 
que in the blood and urine of MDS patients. 
Consequently, 19 potential biomarkers related 
to MDS were identified in the ion ESI+/- modes, 
which belonged to the amino acid and nu- 
cleotide metabolic pathways, respectively. The 
identification of the potential biomarkers and 
the related metabolic pathways provided a 
valuable basis for the study of the pathogene-
sis of MDS, thereby offering the possibility of 
early diagnosis and treatment of the diseases 
in the future.

Acknowledgements

This study was supported by funds from the 
Basic Research Project of the Education Office 
of Heilongjiang Province (2017-KYYWF-0737).

Disclosure of conflict of interest

None.

Address correspondence to: Na Liu, Department  
of Hematology, Affiliated Xinhua Hospital of Dalian 
University, No. 156, Wansui Street, Shahekou 
District, Dalian 116000, Liaoning, China. E-mail: 
ln_2718@126.com

References

[1] Cazzola M. Myelodysplastic syndromes. N Engl 
J Med 2020; 383: 1358-1374. 

[2] Germing U, Kobbe G, Haas R and Gatter- 
mann N. Myelodysplastic syndromes: diagno-

sis, prognosis, and treatment. Dtsch Arztebl Int 
2013; 110: 783-90.

[3] Kennedy JA and Ebert BL. Clinical implications 
of genetic mutations in myelodysplastic syn-
drome. J Clin Oncol 2017; 35: 968-974.

[4] Naqvi K, Jabbour E, Bueso-Ramos C, Pierce S, 
Borthakur G, Estrov Z, Ravandi F, Faderl S, 
Kantarjian H and Garcia-Manero G. Implica-
tions of discrepancy in morphologic diagnosis 
of myelodysplastic syndrome between referral 
and tertiary care centers. Blood 2011; 118: 
4690-3.

[5] Johnson CH, Ivanisevic J and Siuzdak G. Me-
tabolomics: beyond biomarkers and towards 
mechanisms. Nat Rev Mol Cell Biol 2016; 17: 
451-9.  

[6] Wu J, An Y, Yao J, Wang Y and Tang H. An opti-
mised sample preparation method for NMR-
based faecal metabonomic analysis. Analyst 
2010; 135: 1023-30.

[7] Zhao YY, Wu SP, Liu S, Zhang Y and Lin RC. Ul-
tra-performance liquid chromatography-mass 
spectrometry as a sensitive and powerful tech-
nology in lipidomic applications. Chem Biol In-
teract 2014; 220: 181-92. 

[8] Castro I, Sampaio-Marques B and Ludovico P. 
Targeting metabolic reprogramming in acute 
myeloid leukemia. Cells 2019; 8: 967.

[9] Kreitz J, Schönfeld C, Seibert M, Stolp V, 
Alshamleh I, Oellerich T, Steffen B, Schwalbe 
H, Schnütgen F, Kurrle N and Serve H. Meta-
bolic plasticity of acute myeloid leukemia. Cells 
2019; 8: 805.

[10] Zhang SY, Li JZ, Hao YS, Dai YF, Zhang N, Jiang 
LB, Bao XL and Liu N. Evaluation of related ab-
normal metabolite profiles in patients with 
bone marrow failure syndrome (BMFS). Int J 
Clin Exp Med 2019; 12: 7127-7136.

[11] Jang C, Chen L and Rabinowitz JD. Metabolo-
mics and isotope tracing. Cell 2018; 173: 822-
837. 

[12] Schaefer EJ and Lindsley RC. Significance of 
clonal mutations in bone marrow failure and 

Figure 6. Metabolite pro-
files of potential biomark-
ers in the urine of MDS and 
NC groups (**P<0.01).

mailto:ln_2718@126.com


Evaluation of potential diagnostic biomarkers of MDS patients

316 Int J Clin Exp Med 2022;15(10):307-317

inherited myelodysplastic syndrome/acute my-
eloid leukemia predisposition syndromes. He-
matol Oncol Clin North Am 2018; 32: 643-
655. 

[13] Zhang MY, Keel SB, Walsh T, Lee MK, Gulsuner 
S, Watts AC, Pritchard CC, Salipante SJ, Jeng 
MR, Hofmann I, Williams DA, Fleming MD, Ab-
kowitz JL, King MC and Shimamura A. Genom-
ic analysis of bone marrow failure and myelo-
dysplastic syndromes reveals phenotypic and 
diagnostic complexity. Haematologica 2015; 
100: 42-8.

[14] Geyh S, Oz S, Cadeddu RP, Fröbel J, Brückner 
B, Kündgen A, Fenk R, Bruns I, Zilkens C, 
Hermsen D, Gattermann N, Kobbe G, Germing 
U, Lyko F, Haas R and Schroeder T. Insufficient 
stromal support in MDS results from molecular 
and functional deficits of mesenchymal stro-
mal cells. Leukemia 2013; 27: 1841-51. 

[15] Germing U, Aul C, Niemeyer CM, Haas R and 
Bennett JM. Epidemiology, classification and 
prognosis of adults and children with myelo-
dysplastic syndromes. Ann Hematol 2008; 87: 
691-9.

[16] Chen J, Kao YR, Sun D, Todorova TI, Reynolds 
D, Narayanagari SR, Montagna C, Will B, Ver-
ma A and Steidl U. Myelodysplastic syndrome 
progression to acute myeloid leukemia at the 
stem cell level. Nat Med 2019; 25: 103-110. 

[17] Fenouille N, Bassil CF, Ben-Sahra I, Benajiba L, 
Alexe G, Ramos A, Pikman Y, Conway AS, Bur-
gess MR, Li Q, Luciano F, Auberger P, Galinsky 
I, DeAngelo DJ, Stone RM, Zhang Y, Perkins AS, 
Shannon K, Hemann MT, Puissant A and Steg-
maier K. The creatine kinase pathway is a met-
abolic vulnerability in EVI1-positive acute my-
eloid leukemia. Nat Med 2017; 23: 301-313.

[18] Grønningsæter IS, Fredly HK, Gjertsen BT, Hat-
field KJ and Bruserud Ø. Systemic metabolo-
mic profiling of acute myeloid leukemia pa-
tients before and during disease-stabilizing 
treatment based on all-trans retinoic acid, val-
proic acid, and low-dose chemotherapy. Cells 
2019; 8: 1229. 

[19] Li JZ, Qu H, Wu J, Zhang F, Jia ZB, Sun JY, Lv B, 
Kang Y, Jiang SL and Kang K. Metabolic pro-
files of adipose-derived and bone marrow-de-
rived stromal cells from elderly coronary heart 
disease patients by capillary liquid chromatog-
raphy quadrupole time-of-flight mass spec-
trometry. Int J Mol Med 2018; 41: 184-194. 

[20] Kuhl C, Tautenhahn R, Böttcher C, Larson TR 
and Neumann S. CAMERA: an integrated strat-
egy for compound spectra extraction and an-
notation of liquid chromatography/mass spec-
trometry data sets. Anal Chem 2012; 84: 
283-9.

[21] Pinto RC. Chemometrics methods and strate-
gies in metabolomics. Adv Exp Med Biol 2017; 
965: 163-190. 

[22] Szymańska E, Saccenti E, Smilde AK and 
Westerhuis JA. Double-check: validation of di-
agnostic statistics for PLS-DA models in me-
tabolomics studies. Metabolomics 2012; 8 
Suppl 1: 3-16.

[23] Lee LC, Liong CY and Jemain AA. Partial le- 
ast squares-discriminant analysis (PLS-DA) for 
classification of high-dimensional (HD) data: a 
review of contemporary practice strategies 
and knowledge gaps. Analyst 2018; 143: 
3526-3539.

[24] Heinemann J. Cluster analysis of untargeted 
metabolomic experiments. Methods Mol Biol 
2019; 1859: 275-285.

[25] Xu JD, Xing WM, Yuan TJ, Chen J and Lu H. Met-
abolic changes in the urine of andrographolide 
sodium bisulfite-treated rats. Hum Exp Toxicol 
2016; 35: 162-9.

[26] Zhong P, Zhang J and Cui X. Abnormal metabo-
lites related to bone marrow failure in aplastic 
anemia patients. Genet Mol Res 2015; 14: 
13709-18.

[27] Li Z and Zhang H. Reprogramming of glucose, 
fatty acid and amino acid metabolism for can-
cer progression. Cell Mol Life Sci 2016; 73: 
377-92.

[28] Phang JM, Liu W, Hancock CN and Fischer JW. 
Proline metabolism and cancer: emerging 
links to glutamine and collagen. Curr Opin Clin 
Nutr Metab Care 2015; 18: 71-7. 

[29] Zheng J, Lu Z, Kocabas F, Böttcher RT, Costell 
M, Kang X, Liu X, Deberardinis RJ, Wang Q, 
Chen GQ, Sadek H and Zhang CC. Profilin 1 is 
essential for retention and metabolism of 
mouse hematopoietic stem cells in bone mar-
row. Blood 2014; 123: 992-1001.

[30] Jones CL, Stevens BM, D’Alessandro A, Reisz 
JA, Culp-Hill R, Nemkov T, Pei S, Khan N, Adane 
B, Ye H, Krug A, Reinhold D, Smith C, DeGre-
gori J, Pollyea DA and Jordan CT. Inhibition of 
amino acid metabolism selectively targets hu-
man leukemia stem cells. Cancer Cell 2018; 
34: 724-740, e4.

[31] Patin F, Corcia P, Vourc’h P, Nadal-Desbarats L, 
Baranek T, Goossens JF, Marouillat S, Dessein 
AF, Descat A, Madji Hounoum B, Bruno C, Le-
man S, Andres CR and Blasco H. Omics to ex-
plore amyotrophic lateral sclerosis evolution: 
the central role of arginine and proline metab-
olism. Mol Neurobiol 2017; 54: 5361-5374.

[32] Fernstrom JD and Fernstrom MH. Tyrosine, 
phenylalanine, and catecholamine synthesis 
and function in the brain. J Nutr 2007; 137 
Suppl 1: 1539S-1547S; discussion 1548S.

[33] Santos S, Torcato I and Castanho MA. Biomed-
ical applications of dipeptides and tripeptides. 
Biopolymers 2012; 98: 288-93. 

[34] Braunshtein AE, Severina IS and Babskaia IuE. 
Inhibition of ornithine cycle in urea synthesis 



Evaluation of potential diagnostic biomarkers of MDS patients

317 Int J Clin Exp Med 2022;15(10):307-317

by alpha-methyl-DL-aspartic acid. Biokhimiia 
1956; 21: 738-45.

[35] Wahba AJ and Shive W. A role of aspartic acid 
in purine biosynthesis. J Biol Chem 1954; 211: 
155-61. 

[36] Holeček M. Histidine in health and disease: 
metabolism, physiological importance, and 
use as a supplement. Nutrients 2020; 12: 
848. 

[37] Cull AH, Mahendru D, Snetsinger B, Good D, 
Tyryshkin K, Chesney A, Ghorab Z, Reis M, 
Buckstein R, Wells RA and Rauh MJ. Overex-
pression of arginase 1 is linked to DNMT3A 
and TET2 mutations in lower-grade myelodys-
plastic syndromes and chronic myelomonocyt-
ic leukemia. Leuk Res 2018; 65: 5-13.

[38] Zhu Z, Bian Y, Zhang X, Zeng R and Yang B. 
Examination of proline, hydroxyproline and py-
roglutamic acid with different polar groups by 
terahertz spectroscopy. Spectrochim Acta A 
Mol Biomol Spectrosc 2022; 267: 120539. 

[39] Bystrická Z, Laubertová L, Ďurfinová M and Pa-
duchová Z. Methionine metabolism and multi-
ple sclerosis. Biomarkers 2017; 22: 747-754.

[40] Jiang M, Kuang SF, Lai SS, Zhang S, Yang J, 
Peng B, Peng XX, Chen ZG and Li H. Na+-NQR 
confers aminoglycoside resistance via the reg-
ulation of l-alanine metabolism. mBio 2020; 
11: e02086-20.

[41] Peplinska-Miaskowska J, Wichowicz H, Smo-
lenski RT, Jablonska P and Kaska L. Compari-
son of plasma nucleotide metabolites and 
amino acids pattern in patients with binge eat-
ing disorder and obesity. Nucleosides Nucleo-
tides Nucleic Acids 2021; 40: 32-42. 

[42] Maiuolo J, Oppedisano F, Gratteri S, Muscoli C 
and Mollace V. Regulation of uric acid metabo-
lism and excretion. Int J Cardiol 2016; 213: 
8-14.

[43] Yin J, Ren W, Huang X, Deng J, Li T and Yin Y. 
Potential mechanisms connecting purine me-
tabolism and cancer therapy. Front Immunol 
2018; 9: 1697. 

[44] Traut TW. Physiological concentrations of pu-
rines and pyrimidines. Mol Cell Biochem 1994; 
140: 1-22.

[45] Zhang Y, Guo S, Xie C and Fang J. Uridine me-
tabolism and its role in glucose, lipid, and ami-
no acid homeostasis. Biomed Res Int 2020; 
2020: 7091718. 

[46] Jones ME. Pyrimidine nucleotide biosynthesis 
in animals: genes, enzymes, and regulation of 
UMP biosynthesis. Annu Rev Biochem 1980; 
49: 253-79.

[47] Bofill M, Fairbanks LD, Ruckemann K, Lipman 
M and Simmonds HA. T-lymphocytes from AIDS 
patients are unable to synthesize ribonucleo-
tides de novo in response to mitogenic stimu-
lation. Impaired pyrimidine responses are al-
ready evident at early stages of HIV-1 infection. 
J Biol Chem 1995; 270: 29690-7.  

[48] Chapman D, Peel WE, Kingston B and Lilley TH. 
Lipid phase transitions in model biomem-
branes. The effect of ions on phosphatidylcho-
line bilayers. Biochim Biophys Acta 1977; 464: 
260-75.  

[49] Yuan Y, Zhao J, Li T, Ji Z, Xin Y, Zhang S, Qin F 
and Zhao L. Integrative metabolic profile of my-
elodysplastic syndrome based on UHPLC-MS. 
Biomed Chromatogr 2021; 35: e5136. 

[50] Chakravarthy MV, Lodhi IJ, Yin L, Malapaka RR, 
Xu HE, Turk J and Semenkovich CF. Identifica-
tion of a physiologically relevant endogenous 
ligand for PPARalpha in liver. Cell 2009; 138: 
476-88. 


