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Abstract

Objective: To investigate the expression level and potential mechanism of hy-
poxia-inducible factor 1 alpha (HIF-1a) in patients with myelodysplastic syndromes
(MDS).

Methods: Immunohistochemistry (IHC) techniques were used to examine the pro-
tein expression of HIF-1a in paraffin-embedded myeloid tissues from 82 patients
with MDS and 33 controls (patients with lymphoma that is not invading myeloid
tissues). In addition, the associations between the protein expression of HIF-1a and
clinical parameters were examined. To further investigate the significance of HIF-1a
expression in MDS patients, the researchers not only extracted the data about HIF-1«
expression from MDS-related microarrays but also analyzed the correlation between
the level of HIF-1a expression and MDS. The microRNA (miRNA) targeting HIF-1a
was predicted and verified with a dual luciferase experiment.

Results: Immunohistochemistry revealed that the positive expression rate of HIF-1a
in the bone marrow of patients with MDS was 90.24%. This rate was remarkably
higher than that of the controls (72.73%) and was statistically significant (P < .05),
which indicated that HIF- 1o was upregulated in the myeloid tissues of MDS patients.
For the GSE2779, GSE18366, GSE41130, and GSE61853 microarrays, the average
expression of HIF-1a in MDS patients was higher than in the controls. Particularly
for the GSE18366 microarray, HIF-1a expression was considerably higher in MDS
patients than in the controls (P < .05). It was predicted that miR-93-5p had a site for
binding with HIF-1a, and a dual luciferase experiment confirmed that miR-93-5p
could bind with HIF-1a.

Conclusion: The upregulated expression of HIF-1a was examined in the myeloid
tissues of MDS patients. The presence of HIF-1a (4) suggested an unsatisfactory

prognosis for patients, which could assist in the diagnosis of MDS. In addition,
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of HIF-1a in MDS.
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1 | INTRODUCTION
Myelodysplastic syndromes (MDS) are defined as a cat-
egory of clonal myeloid disorders that are prone to lead
the development of acute myelocytic leukemia (AML).'*
Currently, researchers are not very knowledgeable about
the complex pathogenesis of MDS. However, angiogenesis
has been regarded as a vital pathophysiological process in
solid tumors for tumor growth, proliferation, and metasta-
sis.”!* In addition, recent studies showed that angiogenesis
and angiogenesis factors play a vital role in the onset and
development of MDS and AML.'"""* Various types of an-
giogenesis factors were observed in the bone marrow of
patients with AML or MDS, including vascular endothelial
growth factor (VEGF), fibroblast growth factor (bFGF),
angiogenin, angiogenin-1, platelet-derived growth fac-
tor (PDGF), hepatocyte growth factor (HGF), epidermal
growth factor (EGF), tumor necrosis factor alpha (TNF-),
transforming growth factor alpha (TGF-a), and transform-
ing growth factor beta (TGF-f). Most of these factors were
secreted by hematopoietic cells in tumors, promoting the
growth and proliferation of leukemia cells via an autocrine
mechanism. '+

Hypoxia-inducible factor 1 alpha (HIF-1a), a subunit that
maintains the activity of hypoxia-inducible factor 1 (HIF-1),
is the key regulatory factor inducing the expression of genes
related to cell survival and adaptation in hypoxia condi-
tions.?**? HIF-1 is considered to be important for regulating
the oxygen balance in cells and mediating hypoxic reactions;
therefore, it is correlated with the onset and development of
tumors. A multitude of HIF-1a-mediated biological effects
could promote tumor development, such as metabolic tran-
sition to glycolysis, stimulation of tumor angiogenesis, and
alteration in the expression of tumor-inhibiting genes.B'
%% In addition, the formation of new vessels greatly affects
the restoration of damaged tissues, which requires a supply
of oxygen and nutrients, especially in tumor tissues.”’? In
breast carcinoma that arises under hypoxic conditions, HIF-1
could mediate the protein-coding genes for transcriptional
activation.” These proteins are indispensable for tumor pro-
gression and the formation of new vessels.’! Recently, a large
number of studies revealed that HIF-1a was an essential tran-
scriptional factor involved in angiogenesis, which was over-
expressed in some types of tumors and accelerated tumors’

miR-93-5p could bind to HIF-1a by targeting, showing its potential to be the target

bioinformatics, hypoxia-inducible factor 1 alpha, immunohistochemistry, myelodysplastic syndromes,

initiation and progression32'34 by, for example, stimulating
relevant genes, like VEGFE. >3

Scholars have defined microRNA (miRNA) as a small
noncoding single-stranded RNA that can bind to target genes,
inhibiting the protein translation of the target genes or de-
grading the mRNA and thus regulating the expression of
downstream target genes and their biological functions.***
Studies have shown that HIF-1a can be the target gene of
various miRNAs. The interactions between theses miRNAs
and HIF-1a can explain some important events related to tu-
morigenesis, such as angiogenesis, metabolism, apoptosis,
cell cycle regulation, proliferation, metastasis, and resistance
to anticancer therapy.

To determine the significance of HIF-la expres-
sion in MDS patients, the expression level of HIF-1a in
MDS was examined with immunohistochemistry (IHC),
the Gene Expression Omnibus (GEO) database, and the
ArrayExpress database. The miRWalk2.0, an online predic-
tion website, claimed that miR-93-5p had complementary
sites for binding with HIF-1a. Therefore, a dual luciferase
experiment was carried out to see whether miR-93-5 could
target HIF-1a to perform its biological functions in MDS
patients.

2 | MATERIALS AND METHODS

2.1 | Cell culture

The researchers purchased 293T cells from the Shanghai
Institutes for Biological Sciences and then cultured the cells
with DMEM medium (Corning) that contained 10% fetal bo-
vine serum (Ausbian), 100 U/mL penicillin, and 100 U/mL
streptomycin. The cells were cultivated in a CO, incubator
with 5% CO,, 95% humidity, and a temperature of 37°C. The
medium was changed daily, and the cells were extracted at
the logarithmic phase for future experiments.

22 |

Paraffin-embedded myeloid tissues from 82 patients with
MDS and 12 patients with AML were obtained from the First
Hospital Affiliated to Guangxi Medical University between
October 2012 and December 2016. According to the expert
consensus on diagnosis and treatment of myelodysplastic

Cases and samples
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TABLE 1
HIF-1a expression in the myeloid tissues

The relationships between

of MDS patients and clinicopathologic

arameters .
P Tissue 1

MDS

Controls
Conversion to AML

Yes

No

Tissue 2

Conversion to AML

Controls
Age
>51
<51
Sex
Male
Female
WHO classification 1
RA/RARS/5¢g-
RAEB1
RAEB2
RCMD
WHO classification 1
RAEBI1/RAEB2

RA/RARS/
RCMD/5q-

IPSS
High risk
Low risk/moderate

risk-1/moderate
risk-2

Prognosis of karyotype

Unsatisfactory
prognosis

Good/average
prognosis
Initial cells
>5%
<5%

. 6023
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Percentage of cases

Cases HIF-1a (—) HIF-1a (+) Va P value
82 8 (9.76) 74 (90.24) 4.43 <.05%
33 9 (27.27) 24 (72.73)

12 2(16.67) 10 (83.33) 0.05 82
82 8 (9.76) 74 (90.24)

12 2 (16.67) 10 (83.33) 0.12 73
33 9(27.27) 24 (72.73)

43 3 (6.98) 40 (93.02) 0.27 .60
39 5(12.82) 34 (87.18)

49 7 (14.29) 42 (85.71) 1.7 19
33 1(3.03) 32(96.97)

10 1 (10.00) 9 (90.00) — 61
21 1 (4.76) 20 (95.24)

19 1(5.26) 18 (94.74)

32 5(15.63) 27 (84.38)

40 2 (5.00) 38 (95.00) 1.09 30
9 6 (14.29) 36 (85.71)

10 1 (10.00) 9 (90.00) — 1.00
61 5(8.20) 56 (91.80)

26 4(15.38) 22 (84.62) 1.26 26
44 2 (4.55) 42 (95.45)

38 2 (5.26) 36 (94.74) 0.63 43
38 5 (13.16) 33 (86.84)

Abbreviations: AML, acute myeloid leukemia; HIF-1a, hypoxia-inducible factor 1 alpha; IPSS, International
Prognostic Scoring System; MDS, myelodysplastic syndrome.

*P <.05

syndrome,44 all the MDS patients were diagnosed based
on the 2008 World Health Organization's criteria for MDS.
Patients, examined with a fluorescence in situ hybridization
(FISH) test or karyotype analysis, were categorized into dif-
ferent groups based on the International Prognostic Scoring
System (IPSS) for MDS.* For the controls, the researchers

selected the paraffin-embedded tissues of 33 patients with
lymphoma that was not invading the bone marrow (Table
1). The present study was approved by the Research Ethics
Committee of the First Affiliated Hospital of Guangxi
Medical University (Nanning, China), and written informed
consent was obtained from all patients.



LIANG ET AL

6024 .
—I—Wl EY—Cancer Medicine _

2.3 | Bioinformatics prediction and the dual
luciferase experiment

For the purpose of exploring the biological role of HIF-1a in
MDS, the miRNAs targeting HIF-1a were predicted using
bioinformatics techniques and four databases (miRWalk,
miRanda, RNA22, and Targetscan) on the miRWalk2.0
website.*® The mediums for wild-type HIF-1a 3'UTR, mu-
tant-type HIF-la 3'UTR, and overexpressed miR-93-5p
were created separately. The gene orders of amplified wild-
type HIF-1a 3'UTR, mutant-type HIF-1a 3'UTR, and over-
expressed miR-93-5p were linked to GV272 and GV268
mediums (Shanghai Genechem Co., Ltd.) after digestion.
Eventually, the colony containing the mediums for wild-type
HIF-1a 3'UTR, mutant-type HIF-1a 3'UTR, and miR-93-5p
was obtained. We chose 293T cells at the logarithmic growth
phase for transfection and divided the samples for the ex-
periment into four cohorts: the negative controls miRNA-NC
and 3'UTR-NC (miR-93-5p no-load plasmid and 3'UTR no-
load plasmid), miRNA (miR-93-5p plasmid vector), 3'UTR
(HIF-1A 3'UTR plasmid), and 3'UTR-MU (HIF-1a 3'UTR
mutant plasmid). The dual-luciferase reporter assay system
(Promega) was applied for luciferase activity assay of the
samples. Forty-eight hours after transfection, the used me-
dium was discarded. Phosphate-buffered saline (PBS) was
used to wash the cells twice, and then passive lysis buffer
was added. After cell lysis, the researchers used the dual-lu-
ciferase reporter assay system to perform a luciferase activity
assay for each cohort.

24 | Immunohistochemistry

The paraffin-embedded tissues were serially sectioned
into 4-pm parts and warmed at 75°C for 30 minutes.
Ethylenediamine tetra acetic acid retrieval solution (Maxim
Biotechnology Development Co., Ltd.) was added to a pres-
sure cooker and heated. The sections were soaked in 3%
hydrogen peroxide for 15 minutes to block endogenous per-
oxidase. Next, the primary antibody was added. The sec-
tioned tissues were treated with HIF-1a and anti-PDGF-B
antibody (Abcam) and then incubated at 37°C for 1.5 hours.
Subsequently, the secondary antibody, SupervisionTM
mouse/rabbit secondary antibody, was incubated at room
temperature for 30 minutes. After washing with PBS, the
sections underwent 3,3'-diaminobenzidine staining (ZSGB-
BIO Corp), were examined under the microscope, and then
were re-dyed with hematoxylin. Finally, dehydration and
pH-neutral resin mounting were performed. The confirmed
positive tissue sections, according to the expert consensus
on diagnosis and treatment of myelodysplastic syndrome
(2014), acted as positive controls, while sections with PBS
as a substitute for the primary antibody were chosen as the
negative controls.*’

2.5 | IHC results

The results of IHC staining of HIF-1a were as follows*®:

1. negative staining: —;

2. positive staining cells <1%: +;

3. positive staining cells 1%-10% and/or cytoplasmic stain-
ing: ++;

4. positive staining cells 10%-50% and/or moderate cyto-
plasmic staining: ++4+;

5. positive staining cells >50% and/or intensive cytoplasmic
staining: ++++.

2.6 | Collection and selection of
microarrays and literature

The researchers retrieved microarrays related to MDS from
the GEO and ArrayExpress databases with the searching
strategies: (“dysmyelopoietic syndrome” OR “dysmyelopoi-
etic syndromes” OR “myelodysplastic syndrome” OR “mye-
lodysplastic syndromes” OR “hematopoetic myelodysplasia”
OR “hematopoetic myelodysplasias” OR “MDS”). The in-
clusion standards were as follows: gene expression micro-
arrays of the MDS patients and controls are involved; gene
expression microarrays of MDS and AML are available; and
data concerning the expression of HIF-1a are contained in
the microarray, including the mean and SD values. Therefore,
the researchers eliminated microarrays that lacked controls,
contained no data concerning the expression of HIF-1a, or
included only one case as well as those for which mean or SD
values were unavailable.*’

2.7 | Meta-analysis

For the acquired microarrays, the researchers extracted data
concerning the expression of HIF-1a, calculated the mean
and SD values, and employed Stata 14.0 for meta-analysis.
If P < .05 and I* > 50%, it was determined that heterogeneity
existed, and the random effects model was used. If P > .05
and I* < 50%, it was determined that homogeneity existed,
and the fixed effects model was utilized. Subsequently, for-
est maps and funnel plots were used to illustrate the analy-
sis. Stata 14.0 was employed to carry out the meta-analyses
of measuring the summary receiver operating characteristic
(SROC), helping the researchers draw SROC curves.

28 |

SPSS 22.0 was used for statistical analysis, and SPSS 22.0 or
GraphPad Prism 7.0 was applied for making graphs. The re-
searchers also used Student's ¢ test for comparing two cohorts
of data. For comparisons within a cohort, the researchers

Statistical analysis
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FIGURE 1
the myeloid tissues of the controls. (A),

HIF-1a expression in

After the myeloid tissues of the controls
underwent IHC staining, HIF-1a was
negatively expressed (100x). (B), After the
myeloid tissues of the controls underwent
IHC staining, HIF-1a was negatively
expressed (400x). (C), After the myeloid
tissues of the controls underwent IHC
staining, HIF-1a was positively expressed
(100x). (D), After the myeloid tissues of the
controls underwent IHC staining, HIF-1a
was positively expressed (400x). HIF-1a,
hypoxia-inducible factor 1 alpha; IHC,
immunohistochemistry

FIGURE 2 HIF-1la expression in

the myeloid tissues of MDS patients. (A),
After the myeloid tissues of MDS patients
underwent IHC staining, HIF-1a was
negatively expressed (100x). (B), After the
myeloid tissues of MDS patients underwent
THC staining, HIF-1a was negatively
expressed (400x). (C), After the myeloid
tissues of MDS patients underwent IHC
staining, HIF-1a was positively expressed
(100x). (D), After the myeloid tissues of
MDS patients underwent IHC staining,
HIF-1a was positively expressed (400x).
HIF-1a, hypoxia-inducible factor 1 alpha;
IHC, immunohistochemistry; MDS,
myelodysplastic syndrome

used the chi-squared test or exact probability test. Statistical
significance was set at P < .05.

3 | RESULTS
3.1 | Expression and clinical significance of
HIF-1a in MDS myeloid tissue sections

In this study, IHC staining was conducted on myeloid tissues
from 82 MDS patients and 33 controls, and HIF-1a expres-
sion was evaluated in three types of tissues (Figures 1-3). It

-— LEYm
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was discovered that HIF-1a was expressed in the cell nuclei
and cytoplasm of myeloid tissues. Of the 82 MDS cases, 74
showed positive HIF-1a expression and 8 cases showed neg-
ative expression. Therefore, HIF-1a (+) represented 90.24%
of the cases. Of the 33 control cases, HIF-1a was expressed
positively in 24 cases and negatively in 9 cases. Therefore,
HIF-1a (+) was presented in 72.73% of the cases. In terms
of staining intensity, the MDS cohort displayed more in-
tense staining than the controls (Figure 3). Compared with
the controls (72.73%), the percentage of positively expressed
HIF-1a (90.24%) was clearly higher in the MDS cohort. The
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chi-squared test showed that HIF-1a expression was statisti-
cally significant in the MDS group and controls (P < .05),
indicating that increased HIF-1a expression could be found
in the myeloid tissues of MDS patients (Table 1).

The expression level of HIF-1a in the bone marrow tissues
of MDS was not statistically significant in relation to clini-
copathologic parameters, such as WHO classification, IPSS
scores, karyotype prognosis, and the cell type (Table 1, Figure
4). In the RAEB1/RAEB?2 cohort, the rate of positive HIF-1a
expression was 95.00%, much higher than that in RA/RARS/
RCMD/5q- cohort (85.71%). In addition, the rate of positive
HIF-1a expression was higher for cases with an initial cell
rate of >5% (94.74%) than in cases with an initial cell rate of
<5% (86.84%). Furthermore, the rate of positive HIF-1a ex-
pression was higher for items related to unsatisfactory prog-
nosis (RAEB1/RAEB2, initial cell >5%). RAEB1/RAEB2
comprised 51.35% of the HIF-la (+) cohort, remarkably
higher than in the HIF-1a (—) cohort (25.00%). In addition,
the average rate of the initial cell was 5.73% in the HIF-1ot (+)
cohort and 3.34% in the HIF-1a (—) cohort. Since RAEB1/
RAEB?2 tended to develop into AML, and an initial cell rate of
more than 5% indicates poor prognosis, RAEB1/RAEB2 and
an initial cell rate of >5% could be used as indicators of unsat-
isfactory prognosis. Thus, positively expressed HIF-1a was
associated with unsatisfactory prognosis in MDS patients.

The researchers also investigated the correlations between
blood-relevant clinical parameters and HIF-la expression,
finding that HIF-1a expressed in the myeloid tissues of MDS
patients was statistically significant in terms of the num-
ber of leukocytes (P < .001) and the number of neutrocytes
(P < .05). Nevertheless, no statistical significance was found
in terms of the initial cell, hemoglobin, platelets, lactate de-
hydrogenase, or microglobulin. Despite this, the mean value

controls. (A), After the myeloid tissues
of the controls underwent IHC staining,
HIF-1a was negatively expressed. (400X).
(B), After the myeloid tissues of MDS
patients underwent IHC staining, HIF-1a
was negatively expressed (400x). (C),
After the myeloid tissues of the controls
underwent IHC staining, HIF-1a was
positively expressed (400x). (D), After
the myeloid tissues of MDS patients
underwent IHC staining, HIF-1a was
positively expressed (400x). HIF-1a,
hypoxia-inducible factor 1 alpha;

IHC, immunohistochemistry; MDS,
myelodysplastic syndrome

of lactate dehydrogenase was greater in cases of HIF-1o (+)
(314.54 WL) than in cases of HIF-1a (—) (288.75 wL). This
suggests that HIF-1a is correlated with poor prognosis; the
increased level of lactate dehydrogenase negatively affects
the medical outcomes of hematologic malignancies (Table
2, Figure 5).

3.2 | Expression and significance of HIF-1a
in MDS-related microarrays

A total of 14 microarrays were included in our research (Table
3). These microarrays were searched for and selected from the
GEO and ArrayExpress databases (Figure 6). In all 14 micro-
arrays, which contained data about the controls, HIF-1a was
more highly expressed in GSE2779, GSE18366 (P < .05),
GSE41130, and GSE61853 than in the controls. In GSE18366
in particular, HIF-1a expression was considerably higher in
MDS patients than in the controls (P < .05) and statistically
significant according to the receiver operating characteristic
(ROC) analysis area under the curve (AUC) = 0.77 (P < .05).
Compared with the controls, HIF-1a expression was lower
in GSE4619 (P < .05), GSE19429 (P < .001), GSE30195
(P < .05), GSE30201 (P < .01), GSE43399, GSE51757,
GSES58831 (P < .01), GSE81173, GSE100340, and GSE15061
(P < .01).

3.3 | Meta-analysis of HIF-1x expression in
MDS-related microarrays and diagnostic test

Meta-analysis using the standardized mean difference (SMD)
was performed on HIF-1a expression in the 14 microarrays,
which included the MDS cohort as well as the controls.
In these 14 microarrays, a heterogeneity test showed that
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FIGURE 4 The relationships between HIF-1a expression in the myeloid tissues of MDS patients and clinicopathologic parameters. HIF-1a,

hypoxia-inducible factor 1 alpha; MDS, myelodysplastic syndrome. *P < .05

P =625%and P = .001, so the random effects model was
applied. Also, the meta-analysis revealed that SMD = —0.38
(—0.71, =0.05), z = 2.24, and P = .025, with statistical sig-
nificance in the differential expression. In the microarrays,
the researchers observed a downregulated expression of
HIF-1a in the MDS cohort (Figures 7 and 8). In addition,
meta-analysis of the diagnostic test of the 14 microarrays re-
vealed that the sensitivity of HIF-1a was 0.59 (0.49-0.69),

the specificity was 0.90 (0.77-0.96), and the AUC was 0.78
(0.74-0.82; Figure 9).

34 |

The researchers used the four databases on miRWalk2.0
(miRWalk, miRanda, RNA22, and Targetscan) to predict the
target miRNAs of HIF-1a. It was discovered that miR-93-5p

HIF-1a targeting miR-93-5p
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TABLE 2 The relationships between HIF-1a expression in the myeloid tissues of MDS patients and blood-related clinicopathologic

parameters

Median value (range)

Blood-related parameters HIF-1a (—)
Initial cells (%)
Leukocytes (><109/L)
Hemoglobin (g/L)
Platelets (x10%/L)

Neutrocytes (X1 0°’/L)

0.50 (0.00-13.20)
2.40 (1.52-3.30)
64.00 (40.30-108.00)
22.50 (2.00-387.00)
1.20 (0.70-2.10)
174.00 (9.00-732.00)
3.55(2.12-6.54)

Lactate dehydrogenase (p/L)
Microglobulin (pg/L)

HIF-1a () T value P value
5.00 (0.00-18.50) —1.16 25
3.06 (0.98-10.53) —3.57 <.001 %%

67.00 (26.30-113.40) 0.18 .86

73.30 (4.30-477.80) —0.85 40
1.49 (0.08-8.70) =225 <.05*

242.00 (105.00-2777.00) -0.24 .81

3.20 (1.42-6.33) 1.19 24

Abbreviations: HIF-1a, hypoxia-inducible factor 1 alpha; MDS, myelodysplastic syndrome.

*P <.05.
##kP < .001.

had target sites for HIF-1a (Figure 10). Also, miR-93-5p was
differentially expressed miRNA in the MDS cohort and the
controls. In GSE76775, miR-93-5p exhibited the lowest ex-
pression in the MDS cohort (Figure 11).

3.5 | The dual luciferase experiment:
miR-93-5p could directly target HIF-1a

With the assistance of bioinformatics techniques and the dif-
ferentially expressed miRNA in GSE76775, the researchers
discovered that miR-93-5p was the target gene of HIF-1a.
Complementarity was also found between HIF-1a and miR-
93-5p, which indicated that miR-93-5p and HIF-la were
likely to combine in cells to fulfill biological roles and in-
fluence cell functions. To molecularly explore the target
relationship and determine whether miR-93-5p could target
HIF-1a, a dual luciferase experiment was carried out on
293T-cell lines. Blank control, wild-type, and mutant-type
HIF-1a plasmids and overexpressed miR-93-5p plasmids
were transfected into 293T cells. The experiment revealed
that overexpressed miR-93-5p could lead to a remarkable
reduction in the luciferase activity in the wild-type group
(P < .01) compared with the blank control, while overex-
pressed miR-93-5p resulted in obviously higher luciferase
activity in the mutant-type group than in the wild-type group
(P < .001; Figure 12), which confirmed that miR-93-5p had
target sites for HIF-1a.

4 | DISCUSSION

HIF-1 has been extensively detected in the cells of mammals.
In hypoxic conditions, HIF-1 was involved in transcriptional
induction of various genes that participated in physiological
reactions like angiogenesis, glucose metabolism, cell prolif-
eration, cell survival, and regulation.so'52 HIF-1a, a subunit

of HIF-1, possesses the ability to determine HIF-1 activity
and plays a leading role in hypoxia response. Tumor cells’
accommodation for hypoxic conditions is of paramount im-
portance in tumor progression.53

The previous experiments in this research demonstrated
that the mRNA of HIF-la displayed considerably higher
expression in MDS patients (P < .001). This high expres-
sion was related to factors associated with poor prognosis
(P < .05), including WHO classification, chromosomal
abnormalities, and IPSS scores. Using IHC, this research
explored the protein level and expression significance of
HIF-1a and PDGF-B in MDS and AML patients. The exper-
iment showed that, compared with the 33 controls, the pro-
tein level of HIF-1a was upregulated in the 82 MDS cases
(P < .05). Regarding the clinical parameters, the researchers
observed that the positive expression rate of HIF-la was
higher in the RAEB1/RAEB2 cohort than in the RA/RARS/
RCMDY/5q cohort, the rate of HIF-1a (+) was higher in the
initial cell >5% cohort than in the initial cell <5% cohort,
and the mean value of lactate dehydrogenase was greater in
the HIF-1a (4) cohort than in the HIF-1a (—) cohort. Based
on these results, we conclude that the MDS patients with
positive HIF-1a expression tended to have a poor progno-
sis, since RAEB1/RAEB2 was likely to convert to AML, the
percentage of initial cells (>5%) was associated with poor
prognosis, and the increased level of lactate dehydrogenase
was correlated with unsatisfactory prognosis for hemato-
logic malignancies. In addition, for patients with positive
HIF-1a expression, the mean survival time was shorter in
cohorts with factors related to poor prognosis (including the
RAEBI1/RAEB2, unsatisfactory prognosis, high risk, and
initial cell >5% cohorts; P < .05). This indicates that HIF-1o
was upregulated in MDS patients and connected with fac-
tors related to poor prognosis, such as conversion to AML,
increasing percentage of initial cells, increasing lactate de-
hydrogenase level, and short survival time.
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FIGURE 5 The relationships between HIF-1a expression in the myeloid tissues of MDS patients and blood-related clinicopathologic
parameters. HIF-1a, hypoxia-inducible factor 1 alpha; MDS, myelodysplastic syndrome. *P < .05, ***P < .001
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FIGURE 6 Flow chart illustrating
the selection of MDS-related microarrays
from the literature. GEO, Gene Expression
Omnibus; HIF-1a, hypoxia-inducible factor

6261 potentially relevant studies included
6067 studies from the GEO database
193 from the Array Express database
1 from PubMed

1 alpha; MDS, myelodysplastic syndrome;
SD, standard deviation
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1769 potentially relevant studies included

A

4492 duplications excluded

d

| 32 studies deserved further investigation

1737 works removed after screening
the title and abstract

A

<
<

| 14 prospective studies included

18 works were excluded:

6 from the no-control group

7 from the no-mean-or-SD group
5 from the no-HIF-1a group

Study %
ID SMD (95% Cl) Weight
1
GSE2779 — - 0.39 (~0.46, 1.23) 7.16
1
GSE4619 —_— -0.70 (-1.36,-0.04)  8.76
1
GSE18366 : +- 0.98 (0.09, 1.88) 6.79
1
GSE19429 —_— -0.61 (-1.11, =0.11) 10.25
1
GSE30195 - : -1.78 (-3.03,-0.52)  4.59
1
GSE30201 -+ . -1.35 (-2.37,-0.34) 592
GSE41130 ' -~ 0.42 (—0.46, 1.30) 6.88
GSE43399 -+ —0.43 (-1.49, 0.62) 5.66
1
GSE51757 + : -1.26 (-2.82, 0.30) 3.39
1
GSE58831 —L -0.76 (-1.27,-0.26)  10.19
1
GSE61853 b —— 0.60 (~0.27, 1.47) 6.96
1
GSE81173 -— —0.94 (-1.98, 0.09) 5.82
GSE100340 ;: -0.22 (-1.32, 0.87) 5.45
GSE15061 — -0.38 (-0.67,—0.10)  12.18
1
Overall (I-squared = 62.5%, P = 0.001) <> -0.38 (-0.71,-0.05)  100.00
1
NOTE: Weights are from random effects analysis E
I

-3.038 0

I
3.03

FIGURE 7 Forest plot of HIF-1a expression level in 14 microarrays related to MDS and the control group. HIF-1a, hypoxia-inducible factor

1 alpha; MDS, myelodysplastic syndrome; SMD, standardized mean difference

Du et al>* found that HIF-1a expression was notably higher
in the 48 examined myeloid tissue samples from MDS pa-
tients than in the 20 samples from the controls. Furthermore,
HIF-1a was more highly expressed in the RAEB1/RAEB2
cohort than in the RA/RARS/RCMD/5q- cohort, in the IPSS
>1.5 cohort than in the IPSS <1.5 cohort, and in the chromo-
some abnormality cohort than in the normal controls. These
results indicate that high HIF-loa expression is associated
with unsatisfactory prognosis, consistent with our research.

A large number of studies have demonstrated that HIF-1a
plays a role in the carcinogenesis of solid tumors. HIF-1a was
highly expressed in the majority of tumors examined in these
studies, indicating poor prognosis. Wang et al® used a quanti-
tative real-time polymerase chain reaction and IHC to investi-
gate HIF-1a expression in pancreatic carcinoma. They found
that HIF-1a expression was increased in most patients, with
weakly positive expression in most cancer tissues and strongly
positive expression in the adjacent tissues. Clinicopathologic
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FIGURE 8 Funnel plot of HIF-1a expression level in 14
microarrays related to MDS and the control group. HIF-1a, hypoxia-
inducible factor 1 alpha; MDS, myelodysplastic syndrome; SMD, the
standardized mean difference

SROC with confidence and predictive ellipses

Observed data

Summary Operating Point
¢  SENS=059[0.49 — 0.69)
SPEC = 0.90 [0.77 — 0.96]

SROC Curve
AUC =0.78[0.74 — 0.82]

————— 95% Confidence ellipse
COIGR + 95% Prediction ellipse

Sensitivity
o
o
A

0.0 T 1
1.0 0.5 0.0
Specificity
FIGURE 9 SROC curve of HIF-1a in 14 microarrays related

to MDS and the control group. AUC, area under the curve; HIF-1a,
hypoxia-inducible factor 1 alpha; SENS, sensitivity; SPEC, specificity;
SROC, summary receiver operating characteristic

analysis revealed that the strongly expressed HIF-1a in the
cancer group was associated with the depth of tumor inva-
sion, pathologic stage of cancer, advanced stage according to
the American Joint Committee on Cancer classification, and
shorter overall survival time. Therefore, it was regarded as a
factor associated with unsatisfactory prognosis.

For comprehensive analysis of HIF-la expression in
MDS patients, a total of 14 microarrays from the GEO and
ArrayExpress databases were included in this research. In
GSE18366, HIF-1a was obviously expressed more highly in
the MDS cohort than in the controls, and a diagnostic test
of ROC confirmed that the expressed HIF-1a could help to
diagnose MDS with statistical significance. These results
were consistent with the results of our IHC experiment.

3’ gauggacgugcuugucGUGAAAc 5’ has-miR-93
NEREN
732:5 cugauguuucuauaguCACUUUg 3’ HIF1A

FIGURE 10 The site at which miR-93-5p binds to HIF-1a.
HIF-1a, hypoxia-inducible factor 1 alpha; miRNA, microRNA

P =0.008
e
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Expression of miR-93-5p
N
1

o

Control MDS

FIGURE 11
and 7 controls from a GSE76775 microarray. MDS, myelodysplastic

Expression of miR-93-5p in 14 MDS patients

syndrome; miRNA, microRNA

Data concerning the expression of HIF-la were processed
by a meta-analysis that combined a continuous variable and
SMD. The analysis revealed that SMD = —0.38 (-0.71,
—0.05), z = 2.24, and P = .025, with statistical significance
in the differential expression. According to the microarrays,
HIF-1a expression was downregulated in MDS. In addition,
the meta-analysis of SROC showed that the AUC was 0.78
(0.74-0.82), demonstrating the moderate value of HIF-1a for
diagnosing MDS. In the four microarrays related to AML and
MDS, greater heterogeneity was detected in general HIF-1a
expression, with the diamond intersecting with the vertical
line (line of no effect; Figure 7). The AUC of HIF-la was
0.78 (0.74-0.82), indicating that HIF-1a had moderate prog-
nostic capability for AML.

The meta-analysis combining continuous variables and
SMD demonstrated that downregulated expression of HIF-1a
occurs in MDS patients. This could be explained by the
different test platforms and methods used to deal with the
microarrays. These circumstances may have led to the incon-
sistency between the results of meta-analysis and IHC.

Recent research has determined that oncomiR
(miR-93-5p) plays an essential role in the onset and devel-
opment of various tumors. Jiang et al® discovered that, in
hypoxic conditions, NF-kB expression increased in hepa-
toma cells, and the Bp50 and p65 NF-k subunits bound to
the HIF-1a promoter, thereby increasing transcription. In ad-
dition, miR-93-5p was the downstream target of NF-k c-Rel
subunits and was able to reduce the mRNA and protein level
of HIF-1a. Also, miR-93-5p was related to gastric cancer. Li
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FIGURE 12 Results from the dual luciferase reporter assay
system showing that miR-93-5p and HIF-1a have complementary
sequences. HIF-1a, hypoxia-inducible factor 1 alpha; miRNA,
microRNA. *¥¥*P < .001

et al’” found that the expression of miR-93-5p was increased
in gastric cancer tissues, and overexpression of miR-93-5p
promoted the proliferation, metastasis, invasion, and chemi-
cal resistance of tumor cells. The findings of Shyamasundar
et al*® demonstrated that overexpressed mature miR-93-5p in
MDA-MB-231 breast cancer cells can suppress cell migra-
tion, invasion, and adhesion. Suppression of miR-93 caused
contrary results. Wang et al® found that, in patients with he-
patocellular carcinoma, miR-93-5p can directly target 3'-UTR
in the mRNA of PPARGCI1A (also known as PGC-1a), inhib-
iting the expression of PPARGC1A, which functions as a co-
activator of transcription and a metabolic modulator. Yang et
al® revealed the relationships between miR-93-5p expression
and the overall survival rate of patients with non-small cell
lung carcinoma (NSCLC). In NSCLC patients, miR-93-5p
expression was upregulated and exerted a carcinogenic role
by inhibiting PTEN and RB1. This suggests that miR-93-5p
might act as a prognostic indicator and therapeutic target.

In conclusion, this research found that HIF-1a expres-
sion was upregulated in the myeloid tissues of MDS patients.
Such upregulation was associated with the factors related to
unsatisfactory prognosis. In addition, HIF-1a correlated with
angiogenesis. The researchers also confirmed that HIF-1a
can bind to miR-93-5p by targeting. Based on these results,
it is presumed that, in MDS patients, HIF-1a will bind to
miR-93-5p by targeting and participate in angiogenesis in the
bone marrow, thereby fulfilling its biological functions in the
initiation and progression of MDS. More research is required
to confirm these results.

. 6033
Cancer Medicine - WI LEYJ—

ACKNOWLEDGMENTS

This study was supported by funds from the Guangxi
Medical University Training Program for Distinguished
Young Scholars; the Medical Excellence Award, funded
by the Creative Research Development Grant of the First
Affiliated Hospital of Guangxi Medical University; the
Guangxi Zhuang Autonomous Region Health and Family
Planning Commission Self-financed Scientific Research
Project (Z20180979); the Guangxi Feasible Technology
Research and Development of Medical Treatment and
Public Health Project (S201303-04); the Natural Science
Foundation of Guangxi, China (2015GXNSFDA139028,
2011GXNSFAO018256) and the Guangxi Education
Department Research Project (ZD2014033).

CONFLICT OF INTEREST

None declared.

ORCID

Zhi-gang Peng "= https://orcid.org/0000-0001-7408-9237

REFERENCES

1. Brunner AM, Blonquist TM, Hobbs GS, et al. Risk and timing of
cardiovascular death among patients with myelodysplastic syn-
dromes. Blood Adv. 2017;1(23):2032-2040.

2. Alkharabsheh O, Al-Kali A, Saadeh S, et al. The clinical outcomes
of reclassified erythroleukemia (erythroid/myeloid) as myelodys-
plastic syndrome (MDS) per 2017 WHO guideline compared to
MDS. Am J Hemat. 2018;93(11):E355-E357.

3. Kuang X, Wei C, Zhang T, Yang Z, Chi J, Wang L. miR-378 inhib-
its cell growth and enhances apoptosis in human myelodysplastic
syndromes. Int J Oncol. 2016;49(5):1921-1930.

4. Li X, Yang B, Wang L, Chen L, Luo X, Liu L. SPAG6 regulates
cell apoptosis through the TRAIL signal pathway in myelodysplas-
tic syndromes. Oncol Rep. 2017;37(5):2839-2846.

5. Skirnisdottir I, Akerud H, Seidal T. Clinical significance of
growth factor receptor EGFR and angiogenesis regulator VEGFR2
in patients with ovarian cancer at FIGO stages I-1I. Int J Oncol.
2018;53(4):1633-1642.

6. Meng LX, Zhu FH, Zhou XM, et al.Survivin is critically involved
in VEGFR?2 signaling-mediated esophageal cancer cell survival.
Biomed Pharmacother. 2018;107:139-145.

7. Blanchard TG, Lapidus R, Banerjee V, et al. Upregulation of
RASSF1A in colon cancer by suppression of angiogenesis signaling
and Akt activation. Cell Physiol Biochem. 2018;48(3):1259-1273.

8. Yel, HuangJ, He Q, et al. Blockage of store-operated Ca(2+) entry
antagonizes Epstein-Barr virus-promoted angiogenesis by inhibit-
ing Ca(2+) signaling-regulated VEGF production in nasopharyn-
geal carcinoma. Cancer Manag Res. 2018;10:1115-1124.

9. Mahecha AM, Wang H. The influence of vascular endothelial
growth factor-A and matrix metalloproteinase-2 and -9 in an-
giogenesis, metastasis, and prognosis of endometrial cancer.
OncoTargets Ther. 2017;10:4617-4624.


https://orcid.org/0000-0001-7408-9237
https://orcid.org/0000-0001-7408-9237

6034 .
—I—WI EY—Cancer Medicine _

10.

11.

12.

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

23.

24.

25.

26.
217.

28.

LIANG ET AL

Li CH, Sun XJ, Niu SS, et al. Overexpression of IQGAP1 promotes
the angiogenesis of esophageal squamous cell carcinoma through
the AKT and ERK-mediated VEGFVEGFR?2 signaling pathway.
Oncol Rep. 2018;40(3):1795-1802.

Raaijmakers MH. Myelodysplastic syndromes: revisiting the role
of the bone marrow microenvironment in disease pathogenesis. Int
J Hematol. 2012;95(1):17-25.

Buckstein R, Kerbel R, Cheung M, et al. Lenalidomide and met-
ronomic melphalan for CMML and higher risk MDS: a phase
2 clinical study with biomarkers of angiogenesis. Leuk Res.
2014;38(7):756-763.

Miller LH, Qu CK, Pauly M. Germline mutations in the bone
marrow microenvironment and dysregulated hematopoiesis. Exp
Hematol. 2018;66:17-26.

Lin B, Zhao K, Yang D, et al. Wogonoside impedes the progression
of acute myeloid leukemia through inhibiting bone marrow angio-
genesis. J Cell Physiol. 2018;234(2):1913-1924.

Papaioannou D, Shen C, Nicolet D, et al. Prognostic and biological
significance of the proangiogenic factor EGFL7 in acute myeloid
leukemia. Proc Natl Acad Sci USA. 2017;114(23):e4641-e4647.
Karakurt N, Aksu T, Koksal Y, et al. Angiopoietins in the bone
marrow microenvironment of acute lymphoblastic leukemia.
Hematology (Amsterdam, Netherlands). 2016;21(6):325-331.

Kim CK, Han DH, Ji YS, et al. Biomarkers of angiogenesis as
prognostic factors in myelodysplastic syndrome patients treated
with hypomethylating agents. Leuk Res. 2016;50:21-28.

Yang JG, Wang LL, Ma DC. Effects of vascular endothelial growth
factors and their receptors on megakaryocytes and platelets and re-
lated diseases. Br J Haematol. 2018;180(3):321-334.

FM, Martinez-Banos D.
Antiangiogenesis in myelodysplastic syndrome. Curr Cancer Drug
Targets. 2011;11(9):1044-1052.

Liu L, Zhang P, Bai M, et al. p53 upregulated by HIF-1alpha pro-
motes hypoxia-induced G2/M arrest and renal fibrosis in vitro and
in vivo. J Mol Cell Biol. 2018;11:371-382.

Hayashi Y, Zhang Y, Yokota A, et al. Pathobiologic pseudohypoxia

Aguayo A, Armillas-Canseco

as a putative mechanism underlying myelodysplastic syndromes.
Cancer Discov. 2018;8(11):1438-1457.

Li L, Ren F, Qi C, et al. Intermittent hypoxia promotes melanoma
lung metastasis via oxidative stress and inflammation responses in a
mouse model of obstructive sleep apnea. Respir Res. 2018;19(1):28.
Ajdukovic J. HIF-1—a big chapter in the cancer tale. Exp Oncol.
2016;38(1):9-12.

Chen J, Cui B, Fan Y, et al. Protein kinase D1 regulates hypoxic
metabolism through HIF-1alpha and glycolytic enzymes in cancer
cells. Oncol Rep. 2018;40(2):1073-1082.

Shan H, Hou P, Zhang M, et al. PTBP1 knockdown in renal cell
carcinoma inhibits cell migration, invasion and angiogenesis in
vitro and metastasis in vivo via the hypoxia inducible factor-1alpha
pathway. Int J Oncol. 2018;52(5):1613-1622.

SuM, Xu X, Wei W, et al. Involvement of human chorionic gonadotropin
in regulating vasculogenic mimicry and hypoxia-inducible factor-1alpha
expression in ovarian cancer cells. Cancer Cell Int. 2016;16:50.
Leppénen J, Helminen O, Huhta H, et al. Weak HIF-lalpha ex-
pression indicates poor prognosis in resectable pancreatic ductal
adenocarcinoma. World J Surg Oncol. 2018;16(1):127.

Tian QG, Wu YT, Liu Y, et al. Expressions and correlation analysis
of HIF-1lalpha, survivin and VEGF in patients with hepatocarci-
noma. Eur Rev Med Pharmacol Sci. 2018;22(11):3378-3385.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Zhang J, Xu J, Dong Y, Huang B. Downregulation of HIF-1alpha
inhibits the proliferation, migration and invasion of gastric cancer
by inhibiting PI3K/AKT pathway and VEGF expression. Biosci
Rep. 2018;38(6):BSR20180741.

Hoffmann C, Mao X, Brown-Clay J, et al. Hypoxia promotes
breast cancer cell invasion through HIF-1alpha-mediated up-regu-
lation of the invadopodial actin bundling protein CSRP2. Sci Rep.
2018;8(1):10191.

De Francesco EM, Maggiolini M, Musti AM. Crosstalk between
Notch, HIF-1alpha and GPER in breast cancer EMT. Int J Mol Sci.
2018;19(7):2011.

Jeon M, Shin Y, Jung J, et al. HIFIA overexpression using cell-
penetrating DNA-binding protein induces angiogenesis in vitro and
in vivo. Mol Cell Biochem. 2018;437(1-2):99-107.

Bai C, Liu X, Qiu C, Zheng J. FoxM1 is regulated by both HIF-1a
and HIF-2a and contributes to gastrointestinal stromal tumor pro-
gression. Gastric Cancer. 2019;22:91-103.

Cho KH, Yu SL, Cho DY, Park CG, Lee HY. Breast cancer metas-
tasis suppressor 1 (BRMS1) attenuates TGF-betal-induced breast
cancer cell aggressiveness through downregulating HIF-1alpha ex-
pression. BMC Cancer. 2015;15:829.

Li Y, Liu Y, Wang C, et al. Succinate induces synovial angio-
genesis in rheumatoid arthritis through metabolic remodeling
and HIF-1alpha/VEGEF axis. Free Radical Biol Med. 2018;126:
1-14.

Zhi Z, Yang W, Liu L, Jiang X, Pang L. Early missed abortion
is associated with villous angiogenesis via the HIF-1alpha/VEGF
signaling pathway. Arch Gynecol Obstet. 2018;298(3):537-543.
Lee SO, KimJS, Lee MS, Lee HJ. Anti-cancer effect of pristimerin
by inhibition of HIF-1alpha involves the SPHK-1 pathway in hy-
poxic prostate cancer cells. BMC Cancer. 2016;16:701.

Zhu P, Ou Y, Dong Y, Xu P, Yuan L. Expression of VEGF and
HIF-1alpha in locally advanced cervical cancer: potential biomark-
ers for predicting preoperative radiochemotherapy sensitivity and
prognosis. Onco Targets Ther. 2016;9:3031-3037.

Chen M, Wu L, Tu J, et al. miR-590-5p suppresses hepatocellu-
lar carcinoma chemoresistance by targeting YAP1 expression.
EBioMedicine. 2018;35:142-154.

Li B, Chen P, Wang J, et al. MicroRNA-1254 exerts oncogenic
effects by directly targeting RASSF9 in human breast cancer. Int J
Oncol. 2018;53(5):2145-2156.

Wang Y, Zhang S, Bao H, et al. MicroRNA-365 promotes lung
carcinogenesis by downregulating the USP33/SLIT2/ROBO1 sig-
nalling pathway. Cancer Cell Int. 2018;18:64.

Zhuang M, Qiu X, Cheng D, Zhu C, Chen L. MicroRNA-524 pro-
motes cell proliferation by down-regulating PTEN expression in
osteosarcoma. Cancer Cell Int. 2018;18:114.

Komabayashi Y, Kishibe K, Nagato T, Ueda S, Takahara M,
Harabuchi Y. Circulating Epstein-Barr virus-encoded micro-RNAs
as potential biomarkers for nasal natural killer/T-cell lymphoma.
Hematol Oncol. 2017;35(4):655-663.

Chinese Society of Hematology, Chinese Medical Association.
Expert consensus on diagnosis and treatment of myelodysplastic
syndrome (2014). Chin J Hematol. 2014;35(11):1042-1048. Chinese
Germing U, Hildebrandt B, Pfeilstocker M, et al. Refinement of
the international prognostic scoring system (IPSS) by including
LDH as an additional prognostic variable to improve risk assess-
ment in patients with primary myelodysplastic syndromes (MDS).
Leukemia. 2005;19(12):2223-2231.



LIANG ET AL

. 6035
Cancer Medicine - WI LEYJ—

46.

47.

48.

49.

50.

51.

52.

53.

He RQ, Gao L, Ma J, Li ZY, Hu XH, Chen G. Oncogenic role
of miR-183-5p in lung adenocarcinoma: a comprehensive study of
gqPCR, in vitro experiments and bioinformatic analysis. Oncol Rep.
2018;40(1):83-100.

Zhang Y, Li ZY, Hou XX, et al. Clinical significance and ef-
fect of AEG-1 on the proliferation, invasion, and migration
of NSCLC: a study based on immunohistochemistry, TCGA,
bioinformatics, in vitro and in vivo verification. Oncotarget.
2017;8(10):16531-16552.

Tong H, Hu C, Zhuang Z, Wang L, Jin J. Hypoxia-inducible fac-
tor-lalpha expression indicates poor prognosis in myelodysplastic
syndromes. Leuk Lymphoma. 2012;53(12):2412-2418.

Gao L, Zhang LJ, Li SH, et al. Role of miR-452-5p in the tumor-
igenesis of prostate cancer: a study based on the Cancer Genome
Atlas (TCGA), Gene Expression Omnibus (GEO), and bioinfor-
matics analysis. Pathol Res Pract. 2018;214(5):732-749.

Soni S, Padwad YS. HIF-1 in cancer therapy: two decade long
story of a transcription factor. Acta Oncol. 2017;56(4):503-515.
Leung E, Cairns RA, Chaudary N, et al. Metabolic targeting of HIF-
dependent glycolysis reduces lactate, increases oxygen consumption
and enhances response to high-dose single-fraction radiotherapy in
hypoxic solid tumors. BMC Cancer. 2017;17(1):418.

Kim SL, Park YR, Lee ST, Kim SW. Parthenolide suppresses hy-
poxia-inducible factor-lalpha signaling and hypoxia induced ep-
ithelial-mesenchymal transition in colorectal cancer. Int J Oncol.
2017;51(6):1809-1820.

Harrison H, Pegg HJ, Thompson J, Bates C, Shore P. HIF1-alpha
expressing cells induce a hypoxic-like response in neighbouring
cancer cells. BMC Cancer. 2018;18(1):674.

54.

55.

56.

57.

58.

59.

60.

Du L, Ma J, Jiang Y, Zhao W, Yao Y. The expression of HIF-1la
in myelodysplastic syndrome and its clinical prognosis. J Guangxi
Med Univ. 2017;34(05):730-733.

Wang M, Chen MY, Guo X]J, Jiang JX. Expression and signifi-
cance of HIF-la and HIF-2a in pancreatic cancer. J Huazhong
Univ Sci Technol (Med Sci). 2015;35(6):874-879.

Jiang Y, Zhu Y, Wang X, et al. Temporal regulation of HIF-1
and NF-kappa B in hypoxic hepatocarcinoma cells. Oncotarget.
2015;6(11):9409-9419.

Li LI, Zhao J, Huang S, et al. MiR-93-5p promotes gastric cancer-
cell progression via inactivation of the Hippo signaling pathway.
Gene. 2018;641:240-247.

Shyamasundar S, Lim JP, Bay BH. miR-93 inhibits the invasive
potential of triple-negative breast cancer cells in vitro via protein
kinase WNKI1. Int J Oncol. 2016;49(6):2629-2636.

Wang X, Liao Z, Bai Z, He Y, Duan J, Wei L. MiR-93-5p promotes
cell proliferation through down-regulating PPARGC1A in hepato-
cellular carcinoma cells by bioinformatics analysis and experimen-
tal verification. Genes. 2018;9(1):51.

Yang W, Bai J, Liu D, et al. MiR-93-5p up-regulation is involved
in non-small cell lung cancer cells proliferation and migration and
poor prognosis. Gene. 2018;647:13-20.

How to cite this article: Liang H-W, Luo B, Du L-H,

et al. Expression significance and potential mechanism
of hypoxia-inducible factor 1 alpha in patients with
myelodysplastic syndromes. Cancer Med. 2019;8:6021—
6035. https://doi.org/10.1002/cam4.2447



https://doi.org/10.1002/cam4.2447

