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Myelodysplastic syndrome (MDS) is a heterogeneous group of clonal hematopoietic stem cell disorders. Studies have shown the
involvement of an abnormal immune system in MDS pathogenesis. The gut microbiota are known to influence host immunity
and metabolism, thereby contributing to the development of hematopoietic diseases. In this study, we performed gut
microbiome and plasma metabolomic analyses in patients with MDS and healthy controls. We found that patients with MDS
had a different gut microbial composition compared to controls. The gut microbiota in MDS patients showed a continuous
evolutionary relationship from the phylum to the species level. At the species level, the abundance of Haemophilus
parainfluenzae, Streptococcus luteciae, Clostridium citroniae, and Gemmiger formicilis increased, while that of Prevotella copri
decreased in MDS patients compared to controls. Moreover, abundance of bacterial genera correlated with the percentage of
lymphocyte subsets in patients with MDS. Metabolomic analysis showed that the concentrations of hypoxanthine and
pyroglutamic acid were increased, while that of 3a,7a-dihydroxy-5b-cholestan was decreased in MDS patients compared to
controls. In conclusion, gut microbiome and plasma metabolomics are altered in patients with MDS, which may be involved in
the immunopathogenesis of the disease.

1. Introduction

Myelodysplastic syndrome (MDS) is a heterogeneous group
of clonal hematopoietic stem cell disorders, characterized by
myelodysplasia, cytopenia, and a high risk of transformation
into acute myeloid leukemia (AML). Patients with MDS
usually suffer from anemia, hemorrhage, and infection,
which are related to poor prognosis. Furthermore, risk strat-
ification, based on clinical and cytogenetic characteristics,
divides MDS patients into different risk groups. The number
of malignant clones increases in high-risk MDS patients,
which could result in AML transformation [1–3]. Many
studies have proven that MDS patients have an abnormal
immune status. In high-risk MDS patients, there are
impaired antitumor immune cells (including dendritic cells
(DCs) [4], natural killer (NK) cells [5], and cytotoxic T lym-
phocytes (CTLs) [6]) and overfunctional immunosuppres-
sive cells (including T regulatory cells (Tregs) [7] and

myeloid-derived suppressor cells (MDSCs) [8]) which may
facilitate immune evasion of the malignant clones. In low-
risk MDS patients, activated inflammatory cells such as T
helper 17 (Th17) cells preferentially facilitate ineffective
hematopoiesis [9]. Thus, MDS pathogenesis can be attrib-
uted to the abnormal immunity; however, its immunopatho-
genesis still remains unclear.

Recently, the gut microbiota have been shown to play an
important role in many diseases. Imbalance of the gut
microbiota might disrupt the balance of host immunity or
metabolism by changing the permeability of the intestinal
mucosa, thereby leading to the development of autoimmune
diseases or cancer [10–12]. In hematopoietic disorders, gut
dysbacteriosis can affect hematopoiesis via basal inflamma-
tory signaling and is associated with hematologic malignan-
cies [13, 14]. Meanwhile, some researchers have shown that
the metabolic signature is altered in hematological diseases.
Our previous study demonstrated an altered intestinal
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microbiome and plasma metabolomics in patients with
severe aplastic anemia (SAA), which might trigger an
immune imbalance in SAA [15]. However, reports on the
profiles of the gut microbiome and plasma metabolomics
in MDS are scarce.

In this study, we aimed to investigate the gut micro-
biome and plasma metabolomics of MDS patients and
healthy controls. Further, we intended to assess their rela-
tionship with immunocytes in MDS patients to identify
potential metabolic markers and novel mechanisms of path-
ogenesis in MDS.

2. Method

2.1. Study Subjects. For analysis of the gut microbiota, 15
patients with MDS diagnosed in the Hematology Depart-
ment of Tianjin Medical University were enrolled from
January 2018 to June 2018, including 6 men and 9 women
(median age, 65 years; range, 18–69 years). All MDS patients
were diagnosed according to World Health Organization
(WHO) criteria [16]. They were divided into high-risk
(HR, n = 7) and low-risk (LR, n = 8) groups based on their
Revised International Prognostic Scoring System (IPSS-R)
scores [17]. The control group included 14 healthy adults,
including 3 men and 11 women (median age, 43.5 years;
range, 26–63 years) (Supplementary Table 1).

For plasma metabolomic analysis, 10 patients with MDS
diagnosed in the Hematology Department of Tianjin Medi-
cal University were enrolled from January 2018 to June
2018, including 5 men and 5 women (median age, 59 years;
range, 26–71 years). MDS patients were divided into high-
risk (HR, n = 5) and low-risk (LR, n = 5) groups based on
their IPSS-R scores. The control group included 10 healthy
adults, including 4 men and 6 women (median age, 30 years;
range, 25–38 years) (Supplementary Table 2).

This study was approved by the ethics committee of
Tianjin Medical University. Written informed consent was
obtained from all patients or their family in accordance with
the Declaration of Helsinki.

2.2. Gut Microbial Analysis

2.2.1. Sample Collection. Participants who did not receive an
antibiotic treatment 3 months prior to the date of enroll-
ment were included in this study. Stool samples were
collected from each participant within 2 h of consumption
of the standard diet. The middle and rear sides of the stool
samples were collected using sterile cotton swabs to avoid
contamination. Further, 0.5mL feces of from each sample
was collected into a 1.5mL sterile Eppendorf tube. Two
aliquots were collected from each participant and stored
at –80°C.

2.2.2. DNA Extraction, 16S rDNA Segment Amplification,
and Library Preparation. Microbial genomic DNA from
stored stool specimens was extracted using the MagPure
Stool DNA KF kit B (Magen, Guangzhou, China) as per
the manufacturer’s instructions. DNA concentration was
quantified using the Qubit®dsDNA BR assay kit (Invitrogen,

Carlsbad, CA, USA). The quality of the DNA was assessed
by gel electrophoresis (1% agarose) at 150V for 40min.

The primer sequences used for the polymerase chain
reaction (PCR) were 341F (5′-ACTCCTACGGGAGGCA
GCAG-3′) and 806R (5′-GGACTACHVGGGTWTCTA
AT-3′). The libraries were sequenced at the Analytical
Genomics Core of the Sanford Burnham Prebys Medical
Discovery Institute (Lake Nona, FL, USA) and the Beijing
Genomics Institute (Beijing, China). The original FASTQ
files were processed using the 16S amplicon sequencing
pipeline, HiMap (bioRxiv 565572). The HiMap output is
an operational strain unit. Read counts were converted into
relative abundances. Sample comparisons of each group were
performed using log10-transformed relative abundances.

PCR products were purified using the Agencourt
AMPure XP magnetic beads (Beckman Coulter, Miami, FL,
USA), dissolved in elution buffer, and labelled for library
construction. The fragment size and concentration of the
constructed library were assessed using an Agilent 2100
Bioanalyzer (Agilent, Santa Clara, CA, USA). Qualified
libraries were sequenced on the Illumina HiSeq platform
(Illumina, San Diego, CA, USA) to generate 2 × 300 bp reads
according to the size of the inserted fragments using the Illu-
mina standard pipeline.

2.2.3. Data Analysis. Following quality control and filtering,
the reads were spliced into tags by overlap between the reads
using fast length adjustment of short reads (FLASH) soft-
ware (v1.2.11). The minimum matching length was set at
15 bp. The permissible mismatch rate in the overlapping
area was 0.1.

(1) Operational Taxonomic Unit (OTU) Cluster Analysis.
Taxonomic units (phylum, class, order, family, genus, and
species) were identified as OTUs based on unified tags for
population genetics analysis. The sequences were clustered
into OTUs based on a sequence similarity of >97%. The
number of OTUs for each group is presented in a Venn dia-
gram. Partial least squares discrimination analysis (PLS-DA)
was used to reflect the differences between the groups.

(2) Species Composition Analysis. To obtain species classifi-
cation, the Ribosomal Database Project (RDP) Classifier, a
naive Bayesian algorithm, was used for taxonomic analysis
based on the representative sequence of each OTU. The
microbial composition of the MDS and control groups was
analyzed at the phylum, class, order, family, genus, and spe-
cies levels, displayed in the form of an abundance histogram.
R software (v3.4.1) was used to analyze the relative abun-
dance histograms of the MDS and control groups.

(3) Diversity Analysis. Alpha diversity, including species
diversity (described by Simpson and Shannon indices) and
species richness (described by Chao, ACE, and observed spe-
cies indices), was used to analyze individual samples. Under
conditions of the same species richness, species evenness was
proportional to species diversity in the community. A good
coverage index was used to describe the library coverage. A
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higher value indicates a better representation of the actual
composition of the sample.

(4) Differential Species Analysis. The Wilcoxon rank-sum
test and Kruskal-Wallis test were used to determine the
abundance of microbial species in the two groups. Statistical
significance was defined as P < 0:05.

(5) Association Analysis. According to the different abun-
dances of microbial species, the Spearman correlation heat-
map was drawn using R software. Relationships between
the dominant species were represented by color coding. Sta-
tistical significance was defined as a correlation coefficient
> 0:60 or <–0.60 and a P value < 0.05.

2.3. Metabolomic Analysis. Fresh peripheral blood samples
(5mL), from MDS patients and controls, collected into
EDTA as an anticoagulant, were centrifuged (1600 × g for
10min at 4°C) to separate the plasma. All samples were ana-
lyzed using ultrahigh-performance liquid chromatography
(UPLC) (Waters, UK). An Acquity UPLC BEH C18 column
(Waters, UK) was used for the reverse-phase separation. A
high-resolution tandem mass spectrometer (Xevo G2 XS
quadrupole-time of flight (Waters, UK)) was used to detect
the metabolites eluted from the column, which was operated
in both the positive and negative ion modes.

2.4. Flow Cytometry. Flow cytometry (FCM) was used to
detect clusters of immunocytes in patients with MDS. Fresh
whole blood samples collected into EDTA (100μL) were
immunostained with anti-CD3-PerCP, anti-CD8-FITC,
anti-CD4-PE, anti-CD56-APC, anti-CD16-FITC, anti-
CD19-APC, and mouse isotype controls (BD Biosciences,
San Jose, CA, USA) in separate Trucount tubes (BD Biosci-
ences, USA) for 30min at 4°C in the dark, followed by
erythrocyte lysis using 2mL erythrocyte lytic solution (BD
PharMingen, San Diego, CA, USA). After centrifugation at
1300 rpm for 5min, the supernatant was discarded. Cells
were washed with phosphate-buffered saline (PBS) and
resuspended in 300μL PBS, and at least 50,000 cells were
acquired on a FACSCalibur flow cytometer (BD Biosciences,
USA). Analysis was done using CellQuest software version
3.1 (Becton Dickinson, Franklin Lakes, NJ, USA).

2.5. Statistical Analysis. PLS-DA, fold change analysis, and
Student’s t-test were used to analyze the differences in the
metabolites between the MDS and control groups. Statistical
significance was defined as a fold change ≥ 1:2 or ≤0.8333
and a P < 0:05. Spearman analysis was used to analyze the
correlation between the abundance of microbial genera and
lymphocyte subsets in MDS patients. Statistical significance
was set as P < 0:05.

3. Results

3.1. Gut Microbiota Analysis

3.1.1. Composition of Gut Microbiota in MDS and Control
Groups. The MDS group contained 505 OTUs, while the
control group contained 419 OTUs, as depicted in the Venn

diagram. The overlap between the two groups was 366
OTUs (Figure 1(a)). We also found that MDS patients had
a different gut microbiota composition compared to healthy
controls by PLS-DA (Figure 1(b)).

The mean good coverage values in the MDS and control
groups were >99%. This indicated that the sequences
obtained from each sample covered almost all bacterial
sequences in the library. The MDS group showed higher
observed species, Chao, ACE, and Shannon indices and a
lower Simpson index as compared to the control group
(Figure 1(c)). However, there was no significant difference
between the two groups as assessed using the Wilcoxon
rank-sum test (Supplementary Table 3).

3.1.2. Microbiota Structures in MDS and Control Groups

(1) The Microbial Composition at the Phylum Level. The
MDS group showed an increased and decreased relative
abundance of Proteobacteria and Bacteroidetes, respectively,
in the gut microbiota at the phylum level compared to the
control group (Figures 2(a) and 2(b)). Furthermore, there
was a significant difference in the relative abundance of Pro-
teobacteria between the MDS and control groups (P < 0:05);
however, no significant difference was observed in the rela-
tive abundance of Bacteroidetes based on the Wilcoxon test
(Figure 2(c)).

(2) The Microbial Composition at the Class Level. Compared
to the control group, the MDS group had an increased rela-
tive abundance of Bacilli and Gammaproteobacteria, while
that of Bacteroidia and Erysipelotrichi was reduced in the
gut microbiota at the class level (Figures 3(a) and 3(b)).
However, the difference between the MDS and control
groups was not statistically significant as assessed by using
the Wilcoxon or Kruskal-Wallis test (Figures 3(c) and 3(d)).

(3) The Microbial Composition at the Order Level. Compared
to the control group, the MDS group had an increased rela-
tive abundance of Enterobacteriales, Lactobacillales, and
Pasteurellales, while that of Bacteroidales and Erysipelotri-
chales was reduced in the gut microbiota at the order level
(Figures 4(a) and 4(b)). The Wilcoxon and Kruskal-Wallis
test showed that the relative abundance of Pasteurellales in
the MDS patients was significantly higher than that observed
in the controls (P < 0:05) (Figures 4(c) and 4(d)).

(4) The Microbial Composition at the Family Level. The MDS
group had an increased relative abundance of Clostridiaceae,
Enterobacteriaceae, Enterococcaceae, Pasteurellaceae, Rike-
nellaceae, and Streptococcaceae, while that of Erysipelotricha-
ceae, Paraprevotellaceae, Prevotellaceae, and Veillonellaceae
was decreased in the gut microbiota at the family level, as
compared to that in the control group (Figures 5(a) and
5(b)). The Wilcoxon test showed that the relative abundance
of Clostridiaceae and Pasteurellaceae in MDS patients was
significantly higher than that in the controls, while that
of Prevotellaceae was significantly lower than that in
the controls (P < 0:05) (Figure 5(c)). According to the
Kruskal-Wallis test, the abundance of Clostridiaceae and
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Pasteurellaceae, which were among the top 10 most abun-
dant species, was significantly higher in the MDS group
(P < 0:05) (Figure 5(d)).

(5) The Microbial Composition at the Genus Level. Com-
pared to the control group, the MDS group had an increased

relative abundance of Bacteroides, Clostridium, Enterococcus,
Gemmiger, Haemophilus, Oscillospira, Parabacteroides,
Streptococcus, and Veillonella, while that of Catenibacterium,
Megamonas, Megasphaera, and Prevotella was decreased in
the gut microbiota at the genus level (Figures 6(a) and
6(b)). The Wilcoxon test showed that the relative abundance
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Figure 1: (a) Venn diagram of OTU (M: MDS group, N: normal control group). (b) OTU-based PLS-DA analysis. Orange triangles
represent samples (intestinal microbiota) from the normal group; blue circles represent samples from MDS patients. (c) Alpha diversity
index boxplot between the MDS group and normal group.
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of Gemmiger and Haemophilus was higher, whereas that of
Prevotella was lower in MDS patients than in the controls
(P < 0:05) (Figure 6(c)). According to the Kruskal-Wallis
test, the MDS group had a significantly higher abundance
of Gemmiger which was among the top 10 most abundant
species (P < 0:05) (Figure 6(d)).

(6) The Microbial Composition at the Species Level. Com-
pared to the control group, the MDS group had an increased
relative abundance of Bacteroides eggerthii, Bacteroides
fragilis, Bacteroides ovatus, Clostridium celatum, Clostridium
citroniae, Ruminococcus bromii, Escherichia coli, Gemmiger
formicilis, Haemophilus parainfluenzae, and Veillonella
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Figure 2: The microbial composition of the MDS group and normal group at the phylum level: (a) bartplot; (b) heatmap; (c) Wilcoxon
rank-sum test.
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Figure 3: Continued.
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dispar, while that of Coprococcus eutactus, Prevotella ster-
corea, and Prevotella copri was decreased in gut microbiota
at the species level (Figures 7(a) and 7(b)). The Wilcoxon
test showed that the relative abundance of G. formicilis, H.
parainfluenzae, Streptococcus luteciae, and C. citroniae was
higher in MDS patients than in the controls, whereas that
of P. copri was lower than that observed in the controls
(P < 0:05) (Figure 7(c)). According to the Kruskal-Wallis
test, the MDS group had a higher abundance of G. formicilis
and H. parainfluenzae, which were among the top 10 most
abundant species (P < 0:05) (Figure 7(d)).

3.1.3. Correlation Analysis. The correlation between the
associated dominant species in the MDS and control groups
is depicted in the heatmap (Figure 8). There was a com-
petitive relationship between P. copri and C. citroniae
(r = –0:6576, P < 0:05).

3.2. Plasma Metabolomic Analysis. The results are illus-
trated using PLS-DA (Figure 9(a)), a visual volcanic map
(Figure 9(b)), and a heatmap (Figure 9(c)) from the
MDS and control groups. A total of three metabolite con-
centrations differed between the MDS and control groups.
The plasma concentrations of hypoxanthine and pyroglu-
tamic acid (PYG) were increased, while those of 3a,7a-
dihydroxy-5b-cholestan were reduced in the MDS group
(Table 1).

3.3. The Correlation between Gut Microbial Composition and
Lymphocyte Subsets in MDS Patients. The percentage of

lymphocyte subsets in MDS patients was tested by FCM,
including total T cells (CD3+), CD4+ T cells (CD3+CD4+),
CD8+ T cells (CD3+CD8+), B cells (CD19+), and NK cells
(CD16+CD56+). Owing to the large difference of microbes
at the species level among the individuals, we analyzed the
correlation between the abundance of gut microbiota com-
position at the genus level and the percentage of lymphocyte
subsets in MDS patients. We observed a negative correlation
between the percentage of CD4+ T cells and the abundance
of Phascolarctobacterium in the MDS group. The CD4+/
CD8+ cell ratio was negatively correlated with the abundance
of Phascolarctobacterium and Bacteroides in MDS group
(Figure 10(a)). We then divided the MDS patients into
HR-MDS and LR-MDS groups based on the IPSS-R scores.
In the HR-MDS group, the percentage of CD8+ T cells
was negatively correlated with the abundance of Veillonella
and Haemophilus. Further, the abundance of Enterococcus
was positively correlated with the percentage of total T
cells and negatively correlated with the percentage of NK
cells. The CD4+/CD8+ cell ratio was negatively correlated
with the abundance of Bacteroides and Parabacteroides
(Figure 10(b)). In the LR-MDS group, the percentage of
total T cells was positively correlated with the abundance
of Faecalibacterium, while that of CD4+ T cells was nega-
tively correlated with the abundance of Phascolarctobacter-
ium spp. The percentage of CD8+ T cells was positively
correlated with the abundance of Haemophilus and Entero-
bacter and negatively correlated with Streptococcus. There
was a positive correlation between the percentage of NK
cells and the abundance of Megamonas. The CD4+/CD8+
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Figure 3: The microbial composition of the MDS group and normal group at the class level: (a) bartplot; (b) heatmap; (c) Wilcoxon
rank-sum test; (d) top 10 species.
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ratio showed a negative correlation with the abundance of
Bacteroides and Enterobacter (Figure 10(c)).

4. Discussion

MDS is a group of malignant clonal hematopoietic stem cell
disorders. Several studies have shown that abnormal immu-
nity is involved in the pathogenesis and development of
MDS. Impaired CTLs and NK cells [5, 6] and increased
MDSCs [8] were observed in MDS patients, leading to the
immune evasion of malignant clones and AML transforma-
tion. However, the immunopathogenesis of MDS remains
unclear.

In recent years, the gut microbiota has received increas-
ing attention owing to its influence on many diseases. Some
researchers have found that gut microbiota and metabolo-
mics are related to the pathophysiology of autoimmune
diseases including systemic lupus erythematosus and rheu-
matoid arthritis [18, 19]. The gut microbiota can regulate
the immune-inflammatory axis by affecting the activation
of immune cells (such as DCs, T cells, and macrophages)
and the production of cytokines [20, 21]. In the gut mucosa,
T and B cells have position-specific phenotypes that are
influenced by the microbiota. Dysbacteriosis may induce
an imbalanced immune tolerance, abnormal differentiation
of T cells, and altered production of autoantibodies and
inflammatory factors in the host [22]. In hematopoietic
disorders, gut microbiota also plays an important role in
the development and progression of hematological malig-
nancies. In patients with diffuse large B cell lymphoma,

fundamental differences in gut microbial diversity and com-
position were reported [23].

In this study, we found that patients with MDS had a
different gut microbial composition compared to normal
controls. The gut microbiota of MDS patients showed a
continuous evolutionary relationship from the phylum level
(Proteobacteria and Bacteroidetes) to the species level (H.
parainfluenzae and P. copri). At the species level, the abun-
dance of H. parainfluenzae, S. luteciae, C. citroniae, and G.
formicilis increased, while that of P. copri decreased in
MDS patients compared to controls. Both H. parainfluenzae
and S. luteciae are opportunistic pathogens associated with
bacteremia and other infections. The increased abundance
of H. parainfluenzae and S. luteciae in MDS might indicate
that MDS patients are at a high risk of developing an
infection.

In mouse models, Clostridium can increase the Treg
population by inducing DC proliferation. In the gut
microflora of orally sensitized C3H/HeJ mice, the abundance
of Clostridium was positively correlated with the levels of
CD11C+ CD103+ DCs and Tregs [24, 25]. Clostridium can
induce tolerogenic DC-mediated stimulation of Tregs
in vitro [26], which suggested that it could upregulate Tregs
that have an immunosuppressive effect. The proportion of
Tregs has been reported to be upregulated in patients with
MDS [7]. Thus, we inferred that the upregulation of Tregs
in MDS may be attributed to an increased abundance of
Clostridium, and the mechanism in this regard needs to be
addressed in the future.

We also found that the abundance of G. formicilis was
increased in MDS patients. Gemmiger abundance is known
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Figure 4: The microbial composition of the MDS group and normal group at the order level: (a) bartplot; (b) heatmap; (c) Wilcoxon
rank-sum test; (d) top 10 species.
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Figure 5: The microbial composition of the MDS group and normal group at the family level: (a) bartplot; (b) heatmap; (c) Wilcoxon
rank-sum Test; (d) top 10 species.
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Figure 6: The microbial composition of the MDS group and normal Group at the genus level: (a) bartplot; (b) heatmap; (c) Wilcoxon
rank-sum test; (d) top 10 species.
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Figure 7: The microbial composition of the MDS group and normal group at the species level: (a) bartplot; (b) heatmap; (c) Wilcoxon
rank-sum test; (d) top 10 species.
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to be increased in patients with autoimmune diseases and
hepatocellular carcinoma and is involved in the regulation
of inflammation [27, 28]. However, the functions of Gemmi-
ger in MDS are unclear. Moreover, the abundance of P. copri
was significantly decreased in MDS patients. In HIV-
infected patients, a high abundance of Prevotella can activate
intestinal myeloid DCs, leading to mucosal and systemic
immune activation [29]. Increased Prevotella enrichment is
associated with augmented Th17 mediating mucosal inflam-
mation [30]. However, the abundance of Prevotellaceae is
also reported to increase with a decrease in Th17 cells and
an increase in Tregs [31]. Despite the variations in different
studies, all results suggest that Prevotella has regulatory
effects on immune cells. The differences observed can be
attributed to disease characteristics or microbial interac-
tions. Further studies are necessary to reveal the effect of
Prevotella on MDS.

Previous studies have demonstrated that an altered gut
microbiome can regulate host immunity. Towards this, we
analyzed the correlation between gut microbiota composi-
tion at the genus level and the percentage of lymphocyte
subsets in MDS patients. The results showed that the abun-
dance of Phascolarctobacterium was negatively correlated
with the percentage of CD4+ T cells and the CD4+/CD8+

ratio in the MDS group. Meanwhile, the abundance of Bac-
teroides was negatively correlated with the CD4+/CD8+ ratio
in all three MDS groups (total, HR, and LR MDS). In previ-
ous studies, the percentage of CD4+ T cells and CD4+/CD8+

ratios were reduced in MDS patients [32]. Therefore, we
inferred that the decrease in the CD4+/CD8+ ratio might

be induced due to the increased abundance of Bacteroides
and that Phascolarctobacterium might regulate the percent-
age of CD4+ T cells thereby affecting the CD4+/CD8+ ratio
in MDS. The abundance of Parabacteroides and Entero-
bacter was also negatively correlated with the CD4+/
CD8+ ratio in the HR-MDS and LR-MDS groups, respec-
tively. In the future, we wish to investigate the mecha-
nisms by which altered gut microbiota influence CD4+ T
cells and their subsets (such as Tregs and naïve and mem-
ory CD4+ T cells).

In the HR-MDS group, the abundance of Haemophilus
and Enterococcus was negatively correlated with the percent-
age of CD8+ T cells and NK cells, respectively. The increased
abundance of Haemophilus and Enterococcus, as opportunis-
tic pathogenic microorganisms, might suggest potential
infections and damage to cellular immunity by reducing
the percentage of CD8+ T cells in HR-MDS. In lung cancer
studies, Veillonella was enriched in cancer tissue samples
that could activate the PI3K pathway in vitro, which is rele-
vant for cancer pathogenesis of bronchial epithelial cell lines
[33]. In HR-MDS, we found that the abundance of Veillo-
nella increased and was negatively correlated with the per-
centage of CD8+ T cells. We inferred that Veillonella might
participate in MDS progression by inhibiting CTLs in the
microenvironment. In the future, we wish to investigate
the effect of Veillonella on the signaling pathways involved
in cancerization in MDS. These results indicate that immune
effector cell impairment in HR-MDS might be related to gut
dysbacteriosis that might promote immune evasion of
malignant clones.
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Figure 8: Heatmap of association analysis between the MDS group and normal group.
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Figure 9: MDS patients had different metabolomics compared to healthy controls in both negative and positive modes: (a) PLS-DA;
(b) visual volcanic map; (c) heatmap.
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Table 1: Changed metabolites in the MDS group compared to the healthy control group.

Description Molecular formula m
z Ion mode Matching degree Fold change

Hypoxanthine C5H4N4O 137.05 ESI+ 90.4 2.53

Pyroglutamic acid C5H7NO3 128.04 ESI- 83.6 1.62

3a,7a-Dihydroxy-5b-cholestan C27H48O2 405.37 ESI+ 54.7 0.70
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Figure 10: The correlation between the abundance of microbial composition at the genus level and the percentage of immune subsets in
MDS patients: (a) total MDS group; (b) HR-MDS group; (c) LR-MDS group (+: P < 0:05; ∗: P < 0:01).

18 Oxidative Medicine and Cellular Longevity



In the LR-MDS group, the percentage of total T cells
positively correlated with the abundance of Faecalibacter-
ium. In Crohn’s disease patients, Faecalibacterium exerts
anti-inflammatory effects by stimulating blood mononuclear
cells [34]. However, the mechanisms underlying their effect
on T cells in MDS are unclear. In addition, the percentage
of CD8+ T cells was positively correlated with the abundance
of both Haemophilus and Enterobacter and negatively corre-
lated with that of Streptococcus. The presence of opportunis-
tic pathogens, such as Streptococcus and Haemophilus, also
suggests potential infections in LR-MDS. In contrast to
HR-MDS, the increased abundance of Haemophilus was
positively correlated with the percentage of CD8+ T cells in
LR-MDS. Haemophilus has been shown to activate CD8+ T
cells in children with otitis media [35]. This indicates that
the cellular immune status of LR-MDS is different from that
of HR-MDS. The upregulation of CD8+ T cells might dam-
age hematopoietic cells, leading to cytopenia in LR-MDS.
The function of Enterobacter in LR-MDS is unclear. In
patients with Behçet’s disease, the abundance of Megamonas
hypermegale decreased and was associated with T cell
aberration by metabolite alteration [36]. In LR-MDS, the
decreased abundance of Megamonas might induce a
decrease in the percentage of NK cells, the mechanisms of
which require further study. These results indicate that the
gut microbiome may have a regulatory effect on immune
cells in patients with MDS.

Plasma metabolomics is also known to contribute to the
development of hematological diseases. A distinct glucose
metabolism signature is reported to be a novel prognostic
marker and a potential therapeutic target in AML [37]. It
generated a prognostic risk score with six metabolite
markers suggesting enhanced glycolysis and the tricarboxylic
acid cycle, further contributing to decreased sensitivity to
cytarabine. In this study, we found that MDS patients had
increased plasma concentrations of hypoxanthine and PYG
and decreased concentrations of 3a,7a-dihydroxy-5b-cho-
lestan, thereby indicating that these metabolites may be
the characteristic metabolites of MDS. First, we identified
increased levels of PYG in MDS. In recent studies, gluta-
mine acyl peptide cyclotransferase-like protein (QPCTL)
has been identified as the major component of the
CD47-SIRPα pathway. Biochemical analysis showed that
QPCTL is essential for the formation of PYG on CD47
at the SIRPα binding site [38]. We have previously
reported that the abnormal hematopoietic stem cells of
high-risk MDS patients overexpressed CD47 that could
cause the malignant clones to avoid phagocytosis [39].
The increase in PYG may be related to increased CD47
expression in the malignant clones in MDS patients.
The hypoxanthine level was also increased in patients
with MDS. Hypoxanthine is involved in uric acid metab-
olism. Some studies have shown that the hypoxanthine
level is positively correlated with the abundance of Firmi-
cutes [40]. In our study, the abundance of Firmicutes was
slightly increased in MDS patients, which might influence
the level of hypoxanthine. However, the function of 3a,7a-
dihydroxy-5b-cholestan in MDS is unclear. We also analyzed
the correlation between plasma concentrations of these three

metabolites and the percentage of immune subsets in patients
with MDS. It showed some correlation trends, but these were
not statistically significant, which may be because of limited
sample size (Supplementary Figure 1).

Many studies have shown that modulation of the micro-
biome may affect responses to cancer therapy. Thus, it is
possible to manipulate the gut microbiome to enhance ther-
apeutic responses [41]. In hepatobiliary cancers, a higher
abundance of Ruminococcus callidus and Erysipelotrichaceae
bacterium-GAM147 was found in patients with longer
progression-free survival (PFS), while a higher abundance
of Veillonellaceae was found in patients with shorter PFS
and overall survival (OS). The gut microbiome is associated
with the clinical response to anti-programmed cell death
protein 1 (PD-1) therapy in patients with hepatobiliary
cancers [42]. In metastatic melanoma, Faecalibacterium
enrichment is associated with a good clinical response to
ipilimumab (an immune checkpoint inhibitor targeting
CTLA-4) [43]. This indicates that the gut microbiome might
be a biomarker for predicting clinical response and can act
as a novel therapeutic target in cancer immunotherapy. In
allogeneic hematopoietic cell transplantation (allo-HCT),
the gut microbiome is associated with clinical factors of
acute graft-versus-host disease (GVHD) [44]. Fecal microbi-
ota transplant (FMT) has become a potential therapeutic
option for severe colitis associated with GVHD after allo-
HCT. In a small case series, FMT alleviated the diarrhea
observed in refractory GVHD patients. However, after
FMT, the bacterial, fungal, and viral communities responded
differently to GVHD [45–47]. Further, large sample sizes are
required to ascertain the efficacy and safety of FMT in hema-
tological diseases. In the future, it is necessary to determine
the effect of FMT on MDS based on the understanding of
the roles of the gut microbiome in MDS.

Gut dysbacteriosis may also be associated with metabolic
abnormalities. In hepatobiliary cancers, the gut microbiome
is related to the response to PD-1 inhibitor treatment. Func-
tional annotation indicated that the taxa enriched in the
clinical benefit response group were associated with energy
metabolism, whereas those in the non-clinical benefit group
were associated with amino acid metabolism, which may
modulate the clinical response to immunotherapy [42]. This
indicates that the gut microbiota might regulate host immu-
nity by influencing the metabolism in cancer. Studies on the
correlation between the gut microbiome and plasma meta-
bolomics in MDS are ongoing.

In conclusion, the gut microbiome and plasma metabo-
lomics were altered and the abundance of bacterial genera
correlated with the percentage of immunocyte subsets in
patients with MDS. This might be a potential molecular
mechanism that triggers immune imbalance in MDS. Fur-
thermore, it may provide new biomarkers and therapeutic
targets for MDS.

Data Availability

The sequencing data used to support the findings of this
study are available from the corresponding author upon
request.

19Oxidative Medicine and Cellular Longevity



Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Huijuan Jiang and Xiaoyu Zhao contributed equally to this
work.

Supplementary Materials

Supplementary Table 1: characteristics of the study subjects
for gut microbiome analysis. Supplementary Table 2: charac-
teristics of the study subjects for plasma metabolomic analy-
sis. Supplementary Table 3: results of the richness and
diversity analysis of the gut microbiome. Supplementary
Figure 1: the correlation between plasma concentrations
of three differentially identified metabolites and the per-
centage of immune subsets in MDS patients. (Supplementary
Materials)

References

[1] R. Tehranchi, P. S. Woll, K. Anderson et al., “Persistent malig-
nant stem cells in del(5q) myelodysplasia in remission,” The
New England Journal of Medicine, vol. 363, no. 11, pp. 1025–
1037, 2010.

[2] R. Bejar and D. P. Steensma, “Recent developments in myelo-
dysplastic syndromes,” Blood, The Journal of the American
Society of Hematology, vol. 124, no. 18, pp. 2793–2803, 2014.

[3] L. Adès, R. Itzykson, and P. Fenaux, “Myelodysplastic syn-
dromes,” Lancet, vol. 383, no. 9936, pp. 2239–2252, 2014.

[4] L. Saft, E. Björklund, E. Berg, E. Hellström-Lindberg, and
A. Porwit, “Bone marrow dendritic cells are reduced in
patients with high-risk myelodysplastic syndromes,” Leukemia
Research, vol. 37, no. 3, pp. 266–273, 2013.

[5] P. K. Epling-Burnette, F. Bai, J. S. Painter et al., “Reduced
natural killer (NK) function associated with high-risk myelo-
dysplastic syndrome (MDS) and reduced expression of activat-
ing NK receptors,” Blood, vol. 109, no. 11, pp. 4816–4824,
2007.

[6] X. Qi, H. Jiang, P. Liu et al., “Increased myeloid-derived
suppressor cells in patients with myelodysplastic syndromes
suppress CD8+ T lymphocyte function through the STAT3-
ARG1 pathway,” Leukemia & Lymphoma, vol. 62, no. 1,
pp. 218–223, 2021.

[7] S. Y. Kordasti, W. Ingram, J. Hayden et al., “CD4+CD25high
Foxp3+ regulatory T cells in myelodysplastic syndrome
(MDS),” Blood, vol. 110, no. 3, pp. 847–850, 2007.

[8] H. J. Jiang, R. Fu, H. Q. Wang et al., “Increased circulating of
myeloid-derived suppressor cells in myelodysplastic syn-
drome,” Chinese Medical Journal, vol. 126, no. 13, pp. 2582–
2584, 2013.

[9] S. Y. Kordasti, B. Afzali, Z. Lim et al., “IL-17-producing
CD4(+) T cells, pro-inflammatory cytokines and apoptosis
are increased in low risk myelodysplastic syndrome,” British
Journal of Haematology, vol. 145, no. 1, pp. 64–72, 2009.

[10] D. Dodd, M. H. Spitzer, W. van Treuren et al., “A gut bacterial
pathway metabolizes aromatic amino acids into nine circulat-
ing metabolites,”Nature, vol. 551, no. 7682, pp. 648–652, 2017.

[11] J. Qin, Y. Li, Z. Cai et al., “A metagenome-wide association
study of gut microbiota in type 2 diabetes,” Nature, vol. 490,
no. 7418, pp. 55–60, 2012.

[12] C. Lucas, N. Barnich, and H. T. T. Nguyen, “Microbiota,
inflammation and colorectal cancer,” International Journal of
Molecular Sciences, vol. 18, no. 6, p. 1310, 2017.

[13] H. Yan, M. T. Baldridge, and K. Y. King, “Hematopoiesis
and the bacterial microbiome,” vol. 132, no. 6, pp. 559–
564, 2018.

[14] C. R. D'Angelo, S. Sudakaran, and N. S. Callander, “Clinical
effects and applications of the gut microbiome in hematologic
malignancies,” Cancer, vol. 127, no. 5, pp. 679–687, 2021.

[15] Y. Shao, W. Qi, X. Zhang et al., “Plasma metabolomic and
intestinal microbial analyses of patients with severe aplastic
anemia,” Frontiers in Cell and Development Biology, vol. 9,
p. 669887, 2021.

[16] D. A. Arber, A. Orazi, R. Hasserjian et al., “The 2016 revision
to the World Health Organization classification of myeloid
neoplasms and acute leukemia,” Blood, vol. 127, no. 20,
pp. 2391–2405, 2016.

[17] P. L. Greenberg, H. Tuechler, J. Schanz et al., “Revised interna-
tional prognostic scoring system for myelodysplastic syn-
dromes,” Blood, vol. 120, no. 12, pp. 2454–2465, 2012.

[18] G. L. V. de Oliveira, A. Z. Leite, B. S. Higuchi, M. I. Gonzaga,
and V. S. Mariano, “Intestinal dysbiosis and probiotic applica-
tions in autoimmune diseases,” Immunology, vol. 152, no. 1,
pp. 1–12, 2017.

[19] R. Narasimhan, R. Coras, S. B. Rosenthal et al., “Serum meta-
bolomic profiling predicts synovial gene expression in rheu-
matoid arthritis,” Arthritis Research & Therapy, vol. 20,
no. 1, p. 164, 2018.

[20] J. K. Nicholson, E. Holmes, J. Kinross et al., “Host-gut micro-
biota metabolic interactions,” Science, vol. 336, no. 6086,
pp. 1262–1267, 2012.

[21] F. Cristofori, V. N. Dargenio, C. Dargenio, V. L. Miniello,
M. Barone, and R. Francavilla, “Anti-inflammatory and
immunomodulatory effects of probiotics in gut inflammation:
a door to the body,” Frontiers in Immunology, vol. 12,
p. 578386, 2021.

[22] K. Honda and D. R. Littman, “The microbiota in adaptive
immune homeostasis and disease,” Nature, vol. 535, no. 7610,
pp. 75–84, 2016.

[23] L. Yuan, W. Wang, W. Zhang et al., “Gut microbiota in
untreated diffuse large B cell lymphoma patients,” Frontiers
in Microbiology, vol. 12, p. 646361, 2021.

[24] C. Zhou, L. L. Chen, R. Q. Lu, W. W. Ma, and R. Xiao, “Alter-
ation of intestinal microbiota composition in oral sensitized
C3H/HeJ mice is associated with changes in dendritic cells
and T cells in mesenteric lymph nodes,” Frontiers in Immunol-
ogy, vol. 12, p. 631494, 2021.

[25] K. Atarashi, T. Tanoue, T. Shima et al., “Induction of colonic
regulatory T cells by indigenous Clostridium species,” Science,
vol. 331, no. 6015, pp. 337–341, 2011.

[26] Y. N. Li, F. Huang, H. J. Cheng, S. Y. Li, L. Liu, and L. Y. Wang,
“Intestine-derived Clostridium leptum induces murine tolero-
genic dendritic cells and regulatory T cells in vitro,” Human
Immunology, vol. 75, no. 12, pp. 1232–1238, 2014.

[27] J. D. Forbes, C. Y. Chen, N. C. Knox et al., “A comparative
study of the gut microbiota in immune-mediated inflamma-
tory diseases-does a common dysbiosis exist?,” Microbiome,
vol. 6, no. 1, p. 221, 2018.

20 Oxidative Medicine and Cellular Longevity

https://downloads.hindawi.com/journals/omcl/2022/1482811.f1.docx
https://downloads.hindawi.com/journals/omcl/2022/1482811.f1.docx


[28] Z. Ren, A. Li, J. Jiang et al., “Gut microbiome analysis as a tool
towards targeted non-invasive biomarkers for early hepatocel-
lular carcinoma,” Gut, vol. 68, no. 6, pp. 1014–1023, 2019.

[29] S. M. Dillon, E. J. Lee, C. V. Kotter et al., “Gut dendritic cell
activation links an altered colonic microbiome to mucosal
and systemic T-cell activation in untreated HIV-1 infection,”
Mucosal Immunology, vol. 9, no. 1, pp. 24–37, 2016.

[30] J. M. Larsen, “The immune response to Prevotella bacteria in
chronic inflammatory disease,” Immunology, vol. 151, no. 4,
pp. 363–374, 2017.

[31] F. Cignarella, C. Cantoni, L. Ghezzi et al., “Intermittent fasting
confers protection in CNS autoimmunity by altering the gut
microbiota,” Cell Metabolism, vol. 27, no. 6, pp. 1222–
1235.e6, 2018.

[32] J. X. Zou, D. E. Rollison, D. Boulware et al., “Altered naive and
memory CD4+ T-cell homeostasis and immunosenescence
characterize younger patients with myelodysplastic syn-
drome,” Leukemia, vol. 23, no. 7, pp. 1288–1296, 2009.

[33] J. J. Tsay, B. G. Wu, M. H. Badri et al., “Airway microbiota is
associated with upregulation of the PI3K pathway in lung can-
cer,” American Journal of Respiratory and Critical Care Medi-
cine, vol. 198, no. 9, pp. 1188–1198, 2018.

[34] H. Sokol, B. Pigneur, L. Watterlot et al., “Faecalibacterium
prausnitzii is an anti-inflammatory commensal bacterium iden-
tified by gut microbiota analysis of Crohn disease patients,” Pro-
ceedings of the National Academy of Sciences of the United States
of America, vol. 105, no. 43, pp. 16731–16736, 2008.

[35] E. Seppanen, D. Tan, K. J. Corscadden et al., “Evidence of
functional cell-mediated immune responses to nontypeable
Haemophilus influenzae in otitis-prone children,” PLoS One,
vol. 13, no. 4, article e0193962, 2018.

[36] J. Shimizu, T. Kubota, E. Takada et al., “Relative abundance of
Megamonas hypermegale and Butyrivibrio species decreased
in the intestine and its possible association with the T cell aber-
ration by metabolite alteration in patients with Behcet's disease
(210 characters),” Clinical Rheumatology, vol. 38, no. 5,
pp. 1437–1445, 2019.

[37] W. L. Chen, J. H. Wang, A. H. Zhao et al., “A distinct glucose
metabolism signature of acute myeloid leukemia with prog-
nostic value,” Blood, vol. 124, no. 10, pp. 1645–1654, 2014.

[38] M. E. W. Logtenberg, J. H. M. Jansen, M. Raaben et al., “Glu-
taminyl cyclase is an enzymatic modifier of the CD47-SIRPα
axis and a target for cancer immunotherapy,” Nature Medi-
cine, vol. 25, no. 4, pp. 612–619, 2019.

[39] H. Jiang, R. Fu, H. Wang, L. Li, H. Liu, and Z. Shao, “CD47 is
expressed abnormally on hematopoietic cells in myelodysplas-
tic syndrome,” Leukemia Research, vol. 37, no. 8, pp. 907–910,
2013.

[40] J. K. Jo, S. H. Seo, S. E. Park et al., “Gut microbiome and
metabolome profiles associated with high-fat diet in mice,”
Metabolites, vol. 11, no. 8, p. 482, 2021.

[41] V. Gopalakrishnan, B. A. Helmink, C. N. Spencer, A. Reuben,
and J. A. Wargo, “The influence of the gut microbiome on
cancer, immunity, and cancer immunotherapy,” Cancer Cell,
vol. 33, no. 4, pp. 570–580, 2018.

[42] J. Mao, D. Wang, J. Long et al., “Gut microbiome is associated
with the clinical response to anti-PD-1 based immunotherapy
in hepatobiliary cancers,” Journal for Immunotherapy of Can-
cer, vol. 9, no. 12, 2021.

[43] N. Chaput, P. Lepage, C. Coutzac et al., “Baseline gut microbi-
ota predicts clinical response and colitis in metastatic mela-

noma patients treated with ipilimumab,” Annals of Oncology,
vol. 28, no. 6, pp. 1368–1379, 2017.

[44] E. E. Ilett, M. Jørgensen, M. Noguera-Julian et al., “Associa-
tions of the gut microbiome and clinical factors with acute
GVHD in allogeneic HSCT recipients,” Blood Advances,
vol. 4, no. 22, pp. 5797–5809, 2020.

[45] F. Zhang, T. Zuo, Y. K. Yeoh et al., “Longitudinal dynamics of
gut bacteriome, mycobiome and virome after fecal microbiota
transplantation in graft-versus-host disease,” Nature Commu-
nications, vol. 12, no. 1, p. 65, 2021.

[46] K. Kakihana, Y. Fujioka, W. Suda et al., “Fecal microbiota
transplantation for patients with steroid-resistant acute graft-
versus-host disease of the gut,” Blood, vol. 128, no. 16,
pp. 2083–2088, 2016.

[47] W. Spindelboeck, E. Schulz, B. Uhl et al., “Repeated fecal
microbiota transplantations attenuate diarrhea and lead to
sustained changes in the fecal microbiota in acute, refractory
gastrointestinal graft-versus-host-disease,” Haematologica,
vol. 102, no. 5, pp. e210–e213, 2017.

21Oxidative Medicine and Cellular Longevity


	Gut Microbiome and Plasma Metabolomic Analysis in Patients with Myelodysplastic Syndrome
	1. Introduction
	2. Method
	2.1. Study Subjects
	2.2. Gut Microbial Analysis
	2.2.1. Sample Collection
	2.2.2. DNA Extraction, 16S rDNA Segment Amplification, and Library Preparation
	2.2.3. Data Analysis

	2.3. Metabolomic Analysis
	2.4. Flow Cytometry
	2.5. Statistical Analysis

	3. Results
	3.1. Gut Microbiota Analysis
	3.1.1. Composition of Gut Microbiota in MDS and Control Groups
	3.1.2. Microbiota Structures in MDS and Control Groups
	3.1.3. Correlation Analysis

	3.2. Plasma Metabolomic Analysis
	3.3. The Correlation between Gut Microbial Composition and Lymphocyte Subsets in MDS Patients

	4. Discussion
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Supplementary Materials

