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1 | INTRODUCTION

The understanding of the biology and prognosis of myelodys-
plastic syndrome (MDS) have been made important progress.
Myelodysplastic syndrome is a heterogeneous clonal stem cell dis-
ease of blood and bone marrow characterized by low hematopoietic

Abstract

Background: Myelodysplastic syndrome (MDS) is a heterogeneous clonal disease
originated from hematopoietic stem cells. Epigenetic studies had demonstrated that
DNA methylation and histone acetylation were abnormal in MDS. Azacitidine is an
effective drug in the treatment of demethylation.

Methods: RT-PCR was performed to determine GADD45y in 15 MDS clinical sam-
ples. Myelodysplastic syndrome cell lines SKM-1 and HS-5 were transfected with
GADDA45y eukaryotic expression vector and/or GADD45y shRNA interference
plasmid, and treated with azacitidine. Proliferation and apoptosis were examined by
CCK-8 and Western blot analysis to confirm the function role of GADD45y and azac-
itidine. The methylation level of GADD45y gene was detected by bisulfite conversion
and PCR.

Results: This study found that GADD45y gene was down-expressed in MDS patients'
bone marrow and MDS cell lines, and the down-regulation of GADD45y in MDS
could inhibit MDS cell apoptosis and promote proliferation. Azacitidine, a demeth-
ylation drug, could restore the expression of GADD45y in MDS cells and inhibit the
proliferation of MDS cells by inducing apoptosis, which was related to prognosis and
transformation.

Conclusion: This study indicated that GADD45y was expected to become a new tar-
get of MDS-targeted therapy. The findings of this study provided a new direction for
the research and development of new MDS clinical drugs, and gave a new idea for the

development of MDS demethylation drug to realize precise treatment.
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function, which can lead to lethality or acute myeloid leukemia
(AML). Its clinical manifestations were peripheral blood cell de-
crease, peripheral blood and bone marrow dysplasia/fibroblast, and
clonal cytogenetic abnormality. The typical diagnosis was based on
the presence of persistent cytopenia, dysplastic cells, and genetic
markers. Common clinical problems included the diagnosis of MDS,
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the lack of new MDS drugs confirmation methods, and the lack of
long-term prospective randomized MDS clinical control to guide
allogeneic blood and bone marrow transplantation.® Recent stud-
ies had shown that there were epigenetic regulation (TET2, ASXL1,
EZH2, DNMT3A, IDH1/2), RNA splicing (SF3B1, SRSF2, U2AF1,
ZRSR2), DNA damage response (TP53), transcription regulation
(RUNX1, BCOR, ETV$), and signal transduction (CBL, NRAS, JAK2)
in MDS.2 The developments of small molecular drugs targeting spe-
cific molecular and the strategy to minimize their adverse reactions
are the future development trend.®

DNA methylation, or the covalent addition of a methyl group to
cytosine within the context of the CpG dinucleotide, had been widely
found in mammalian genome. These effects included transcriptional
repression and chromatin remodeling, X chromosome inactivation,
and parasitic DNA suppression. Normal methylation patterns were
frequently disrupted in tumor cells, and the promoter of a tumor
suppressor gene was hypermethylation within gene silence and cell
deletions or mutations.* MDS-specific therapies included drugs tar-
geting abnormal DNA methylation and chromatin remodeling, reg-
ulating/activating the immune system to enhance tumor-specific
cellular immune response and reduce abnormal cytokine signaling,
and blocking abnormal interactions between hematopoietic progen-
itor cells and stromal cells.” For MDS treatment, research began to
deepen to the gene level, such as a mutated cluster affecting three
inositol-specific genes, which was significantly related to the loss
of response to azacitidine and linedoxamine treatment in high-risk
MDS patients.® With the exploration of the pathogenesis of MDS,
new potential therapeutic methods had been proposed, including
hypomethylating agents with longer half-life and exposure time,
regulatory proteins such as antiapoptotic BCL2 protein, inhibition of
PD-1 or CTLA-4, natural immunity, and targeted therapy with CD33/
CD3 polyclonal antibody.”

Azacitidine (AZA) was the first drug approved by the US Food
and Drug Administration (FDA) (May 2004) for the treatment of
MDS, and had been granted the status of orphan drug. Azacitidine
(Vidaza) had been approved by the European Union for use in pa-
tients with high-risk MDS and AM L.% Azacitidine was a DNA meth-
ylation inhibitor, targeting at epigenetic gene silencing, which was
used by cancer cells to inhibit gene expression against malignant
phenotypes.” At the same time, azacitidine was a valuable choice
for the first-line treatment of high-risk MDS/AML patients.’® The
pathogenesis of MDS was supposed to hypermethylation of spe-
cific DNA sequences. 5-azacitidine and decitabine, which reactivate
tumor suppressor gene transcription by DNA methylation, were the
promising new agents.'* Abnormal DNA methylation was related
to gene silencing. Hypomethylation drugs worked by inducing the
re-expression of epigenetic silencing genes.12 Hypermethylation of
tumor suppressor gene had been considered as an important patho-
genesis of MDS. Azacitidine, a pyrimidine nucleoside analogue, had
the function of inhibiting DNA methyltransferase. It could be used
as a treatment to prolong the survival of MDS patients, thus chang-
ing the natural history of these malignant tumors. The activity of

azacitidine in MDS promotes its combination with other epigenetic

modified to treat MDS and AML.*® In preclinical studies, azacitidine
had low methylation/differentiation activity at low concentration,
while high concentration was related to cytotoxic effect. In clinical
trials, azacitidine not only improved MDS-related cell reduction, but
also delayed the transformation of leukemia, improved the quality of
life, and improved the overall survival rate of many patients receiving
AZA treatment.”* AZA could relieve the high-risk MDS, which had
become the frontline therapy for MDS that did not meet the con-
ditions of allogeneic stem cell transplantation. AZA therapy, com-
bination of AZA and other drugs, and prognosis therapy with AZA
in specific cases could treat myeloproliferative neoplasms (MPN),
chronic myelomonocytic leukemia (CMML), and AML.P Epigenetic
dysregulation was related to the pathogenesis of many malignant tu-
mors, including MDS and AML. DNA methylation could lead to tran-
scriptional silencing of tumor suppressor genes. By inhibiting DNA
methyltransferase to re-express these genes, it could treat benign
and malignant diseases. In hematology, azacitidine and decitabine
were widely used in clinic as demethylation drugs.“’ 5-azacitidine
and decitabine had therapeutic effect on high-risk MDS, and 5-azac-
itidine could improve the survival rate of high-risk MDS patients.!”
The two structures were slightly different, and they were finally
metabolized into 5-aza-CTP and 5-aza-dCTP through different met-
abolic pathways. Meanwhile, azacitidine was more effective in the
treatment of MDS caused by mutation of DNA methylation path-
way.'® AZA was the most effective drug in the treatment of MDS,
but was only suitable for 50% of patients. The cause of resistance
to AZA was debatable. Recent studies had found that AZA respond-
ers had more hematopoietic progenitor cells (HPCS) in cell cycle.r’
Azacitidine changed the DNA methylation level of DLK1-DIOS3 re-
gion in the treatment of MDS and myelodysplastic-related AML.%°
Systematic evaluation of azacitidine in the treatment of MDS and
AML had also been paid more and more attention.?* According to
the latest research, the therapeutic effect of 5-azacitidine in MDS
was analyzed by detecting DNA methylation in peripheral blood.??
In the treatment of high-risk MDS, the relative dose intensity of
azacitidine had a significant impact on the survival rate of patients.23
After entering DNA, 5-azacitidine based form covalent compounds
with methyltransferase, and then, proteasome was recruited to de-
grade methyltransferase, so that highly methylated genes could be
re-expressed due to demethylation.?* Reactivate genes that were in-
activated by DNA over methylation allowed cells to return to normal
terminal differentiation, senescence, or apoptosis.25 At present, the
prognosis evaluation system used in MDS is composed of morphol-
ogy, clinical characteristics, and cytogenetics, but did not include
molecular genetic data.

Based on the representative difference analysis of methylation
sensitivity and 5-aza-2v-deoxycytidine demethylation, CpG is-
land of GADD45y (Growth Arrest and DNA Damage 45y) was the
target sequence of hypermethylation gene. Like other GADD45
members, GADD45y was widely expressed in all normal adult and
fetal tissues. GADD45y could inhibit cell growth and induce apop-
tosis in shock. The results showed that the ectopic expression of

GADDA45y strongly inhibited the growth and colony formation of
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tumor cells in silenced cell lines.? GADD45y was an evolutionarily
conserved protein that played important roles in growth suppres-
sion and apoptosis.?’ GADDA45y played an important role in stress
response, cell differentiation, and tumor inhibition by regulating cell
proliferation and gene expression.?® GADD45 protein, including
GADD45a, GADD45p, and GADDA45y, could participate in stress
signal transduction. Through the interaction of other cell proteins
(especially PCNA, p21, cdc2/cyclinB1, p38, and JNK stress response
kinase) related to cell cycle regulation and cell response to stress, it
led to cell cycle arrest, DNA repair, cell survival, aging, and apopto-
sis. GADD45 proteins could promote or inhibit tumor development
and leukemia by using genetic engineering mouse model and bone
marrow transplantation.29 In recent years, it had been found that
myeloid differentiation (MyD) primary response and growth arrest
DNA damage (GADD) genes consist of a group of overlapping genes,
including GADD45, IRF-1, EGR-1, and MyD88.3° GADD45y might
be a functional tumor suppressor, which might play an important
role in esophageal squamous cell carcinoma through the inactiva-
tion of proximal promoter methylation.31 GADDA45y, as a negative
regulator of JAK STAT3 pathway, inhibited liver cancer by induc-
ing cell aging. The decrease or absence of GADD45y expression
might be the reason why tumor cells or precancerous hepatocytes
bypass cell aging.®? Recent studies had confirmed that GADD45y
can induce cardiomyocyte apoptosis in p38 MAPK-dependent man-
ner.3%%4 Meanwhile, the silencing or overexpression of GADD45y
was consistent with the effect of apoptosis and necrosis induced by
GADD45y.%®

The molecular mechanism of 5-aza-2-deoxycytidine (5-aza-2-de-
oxycytidine) in multiple myeloma (MM) was to upregulate a large
number of tumor-related genes silenced by epigenetic genes.36
The multi-targets and the lack of specificity made the treatment of
MDS difficult.?> The frequency of GADD45y methylation and the
epigenetic change of GADD45y might be related to the progress of
diffuse large B-cell lymphoma.?” MDS patients were rich in CpG is-
land DNA hypermethylation, which led to the inactivation of tumor
suppressor genes. Abnormal methylation of tumor suppressor genes
was closely related to the occurrence and development of MDS.
GADDA45y belonged to this kind of genes. There were many studies
on the relationship between GADD45y and tumor in solid tumors
and AML; however, up to now, there is no report in MDS. MDS might
also be due to hypermethylation of CpG island in the promoter re-
gion of GADD45y gene, which led to the occurrence, development
and transformation of MDS. With the development of whole-ge-
nome sequencing technology, a large number of gene mutations
were related to the occurrence, development, specific therapeutic
response, and new targeted therapy of MDS, and the heterogeneity
of MDS was being further clarified.

In this study, the expression of GADD45y in MDS clinical sam-
ples was detected. We constructed GADD45y eukaryotic ex-
pression vector and GADD45y shRNA interference plasmid, and
transfected MDS cell line SKM-1 and American ATCC mouse normal
bone marrow cell line (class B) HS-5, respectively, to study the effect

of GADDA45y on cell proliferation and apoptosis. Using tetracycline

on gene expression system, the MDS cell line SKM-1 was induced
to overexpress GADD45y by azacitidine. The effect of overexpres-
sion of GADD45y on the proliferation of MDS cells in vitro was ob-
served. In order to further understand the role of GADD45y in MDS,
to explore whether the gene can be a biomarker for predicting MDS
demethylation drug treatment, and to provide new ideas for the re-
search and development of MDS clinical new drugs and promoting
the development of MDS precise treatment.

2 | MATERIALS AND METHODS
2.1 | Samples preparation

Sample collection: A total of 15 bone marrow samples from patients
with MDS diagnosed for the first time at The First Affiliated Hospital
of Bengbu Medical College from March 2018 to March 2019 were
enrolled into this study. There are 8 men and 7 women with the
mean age of 58.2 + 9.7 years. Refer to the standard of diagnosis
and curative effect of hematopathy for the diagnosis standard, and
take 10 ml of bone marrow samples. This study was approved by the
Human Ethics Committees Review Board at the The First Affiliated
Hospital of Bengbu Medical College (52018071).

Cell lines and reagents: MDS cell line SKM-1 and human normal
bone marrow cell line HS-5 were purchased from ATCC (USA).

2.2 | Cellline culture

The cells were cultured in RPMI 1640 medium containing 10% fetal
bovine serum and placed in a cell incubator at 37°C and 5% CO,
saturated humidity until the logarithmic growth period.

2.3 | Construction of p3XFLAG-GADD45y
eukaryotic expression vector

Referring to the GADD45y base sequence of GenBank mice, the
GADDA45y primer (F forward: 5-TCTACGAGTCCGCCAAAGTC-3’
and R forward: 5-GCACTTGCCACTGGTGTAGA-3’) was designed
by using primer premier 5.0. The total RNA of HS-5 was extracted
by Trizol method, took the oligo d(T) 18 as the reverse primer, took
the extracted total RNA as the template, and reversed recorded the
cDNA. Taking 1 pL DNA as template, the target gene was amplified
by TaKaRa Ex TagDNA polymerase. The PCR product was electro-
phoretic in 1.5% agarose gel, and the recovery procedure was pu-
rified according to TaKaRa gel recovery and Purification Kit. The
fragments of GADD45y coding region and the vector were digested
with Kpn I and BamH |, respectively, and the fragments of gelled har-
vest vector and GADD45y were digested with T4 DNA ligase. The
products were transformed into DH5a-sensitive cells, coated with
plates (resistant to ampicillin), and grown at 37°C for 16-24 hours,

and about 500 spots were grown. Four spots were picked out
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and dissolved in 1ml LB medium with resistance to ampicillin for
3-4 hours. one pl of bacterial solution was taken as culture medium
Four clones amplified GADD45y fragment for PCR. The positive
bacterial solution was shaken in 4 mL ampicillin resistant LB liquid
medium, 37°C overnight. According to the operating procedures of
the kit, pPBXFLAG-GADDA45y was extracted and purified, and the
plasmids were digested by enzyme, identified by electrophoresis,
and then extracted and sequenced.

2.4 | Construction of GADD45y shRNA
interference vector

The GADD45y shRNA compatible with pLKO.1 plasmid was searched
at http://www.sigmaaldrich.com/, and the GFP shRNA oligos in-
cluded the sequence of sh-GADD45y in the experimental group and
the sequence of shGFP in the control group. The sequence was syn-
thesized by Shanghai biotechnology. The plasmid pLKO.1-TRC was
digested by EcoR | and Age |, the digested plasmid was recovered,
and the double-stranded interference sequence formed by anneal-
ing was linked by T4 DNA ligase and then transferred into human
StbI3 supersensitive cells for bacterial liquid PCR screening. The
positive bacterial liquid was taken and then expanded for culture.

Plasmid extraction was used to obtain a pure lentivirus plasmid.

2.5 | Plasmid transfection into SKM-1 cells

The MDS cell line SKM-1 was inoculated into a 6-well plate for cell
culture. When the cell fusion rate reached 70%-80% in 24 hours, the
cells were transfected with p3XFLAG-GADD45y, p3XFLAG (as neg-
ative control), pLKO.1-shRNA, and pLKO.1-shGFP at a concentra-
tion of 2.5:1 by Lipofectamine™ 2000. After incubation for 6 hours,
the protein and RNA were extracted, respectively. Lipofectamine™
2000 was replaced by DMEM containing 10% fetal bovine serum for

further culture.

2.6 | Detection of GADD45y mRNA expression by
RT-PCR

MDS cells were inoculated on the 6-well plate. When the cell fu-
sion rate reached 70%-80%, p3XFLAG-GADDA45y plasmid and p3X-
FLAG plasmid were transfected with Lipofectamine™ 2000, and
the cells were cultured for 72 hours. The third-generation HS-5 cells

were inoculated on the 6-well plate, and the cell fusion rate reached

TABLE 1 The g-PCR primer sequences

Gene Forward primer
GADDA45y for SKM-1
GADDA45y for HS-5
GAPDH

5'-AACTAGCTGCTGGTTGATCG-3'
5'-CTCTGGAAGAAGTCCGTGGC-3'
5'-GTCGGAGTCAACGGATTTGG-3'

60%-70%. The qPCR primer sequences were listed in Table 1. When
the lentivirus was infected, the culture solution of polyamine was
changed, and 500 pL virus solution was added into each hole, the final
concentration of polyamine was 8 pg/mL 48 hours later, and the mini-
mum killing concentration of puromycin was used to screen the stable
interfering cell line and continue to culture for 2 generations. The total
RNA was extracted by Trizol method, and the cDNA was inversely
obtained. RT-PCR was used to calculate the mRNA expression of the

target gene after standardization by the internal reference gene.

2.7 | Detection of apoptosis-related protein
expression by Western blot

The MDS cell line SKM-1 was inoculated on the 6-well plate. When
the cell confluence was 70%-80%, the p3XFLAG-GADDA45y plas-
mid and p3XFLAG plasmid were transfected with Lipofectamine™
2000. Seventy-two hours later, the third-generation FDC-P1 was
inoculated on the 6-well plate, and the fusion degree of the cells
was 60%-70%. When the lentivirus was infected, the culture me-
dium containing polyamine was changed, and 500 pL lentivirus
solution was added into each hole, so that the final concentration
of polyamine was 8 pg/mL, 48 hours, and the minimum killing con-
centration of puromycin was selected to stabilize the interfering
cell lines. The 2nd generation was continuously cultured, and the
protein lysate was dissolved in 30 minutes by ice bath and centrifu-
gated, and then, the 50 g protein thereof was extracted by dode-
cyl sulfonate-polyacrylamide gel electrophoresis. The wet spinning
method was transferred to the polyvinylidene fluoride membrane.
The 5% skimmed milk powder was sealed at room temperature, and
the 1H was added at room temperature (Caspase-3, Caspase-7, and
Caspase-9). Caspase-3, Caspase-7, and Caspase-9 were diluted with
1:1000 and incubated overnight at 4°C. After TBST washing, HRP-
labeled second antibody (diluted with 1:5000) was added. After in-
cubation for 1H at room temperature, TBST membrane was rinsed
for three times, the positive bands were displayed with chemilumi-
nescent reagent, and the images were processed and analyzed with
gray-scale analysis software.

2.8 | Cell proliferation testing

CCK-8 method was used to detect the cell survival rate. SKM-1
cell line transfected with 24-hours MDS and FDC-P1 cell infected
with virus were inoculated into 96-well plate (100 pL/well) with

a density of approximate 5 x 10° cells/mL. the control group was

Reverse primer
5'-CGTTCAAGACTTTGGCTGAC-3'
5'-CAATGTCGTTCTCGCAGCA-3'
5'-ATGGTGGTGAAGACGCCAGT-3'
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set up with 5 multiple wells in each group. After incubation for
48 hours, CCK-8 of 10 pL was added to continue incubation for
2 hours. The absorbance (a) value of each hole was measured at
450 nm of enzyme-linked immunosorbent assay. Calculate the sur-

vival rate of those cells.

2.9 | Determination of the optimal concentration of
GADDA45y expression induced by azacitidine

The experiment was divided into 6 groups. The final concentration
of azacitidine in each experimental group was set as 0O, 0.25, 0.5,
0.75, 1, and 5 pmol\L, respectively. After 24 hours, the expression
of Turbo RFP was observed under the inverted fluorescence micro-
scope (Zeiss). After determining the optimal concentration of azac-
itidine, Western blot was used to detect the expression of GADD45y

induced by azacitidine.

2.10 | Detection of methylation level of
GADDA45y gene

Genomic DNA isolated from SKM-1 cells and three controls with
AZA was used for analysis of the methylation. Referring to previ-
ous literature,?° bisulfite conversion was performed using EpiTect
Bisulfite Kit. Amplicons were generated using FastStart High Fidelity
PCR System and purified with Agencourt AMPure beads. The puri-
fied PCR products were sequenced using the Roche 454 GS Junior
System. Image processing was performed by the GS RunBrowser
software (Roche Applied Science). Methylation status of CpG sites
was quantified using QUMA web-based tool.

2.11 | Statistical analysis

SPSS 22.0 software was used to statistical analyze all data. All data were
expressed as mean + SD of at least three separate experiments. For the

(A) 12 - . : (B)

RT-PCR or Western blot analyses, the mean + SD was derived from trip-
licate measurements of one experiment. A t test or one-way ANOVA
was used to compare the groups. P < .05 means significant difference.

3 | RESULTS

3.1 | Expression of GADD45y gene in MDS patients'
bone marrow cells and MDS cell lines

Based on the fact that GADD45y could inhibit tumor growth by
promoting apoptosis, and it had been reported that GADD45y has
biological activity in AML treatment, this study first analyzed the
expression level of GADD45y in MDS patients' bone marrow cells.
Compared the expression level of GADD45y in human acute my-
eloid leukemia cells SKM-1 and human bone marrow stromal cell line
HS-5, it was found that the expression level of GADD45y in SKM-1
cell line had no significant difference between bone marrow cells
in MDS patients, while the expression level of GADD45y in HS-5
cell line was significantly higher than the former two. The results
showed that the expression level of GADD45y was not high in MDS
patients (Figure 1). According to the results of RT-PCR and Western
blot, GADD45y protein may play a key role in the occurrence, devel-
opment, and transformation of MDS.

3.2 | Effection of GADD45y on proliferation and
apoptosis of MDS cells

After that, we studied the biological activity of GADD45y in MDS
by transient expression of GADD45y in SKM-1 cells or inhibition of
GADDA45y protein expression by shRNA in FDC-P1 cells. The results
showed that GADD45y was successfully expressed in SKM-1 cell line,
and the expression level was significantly higher than that in the con-
trol group. The expression of GADD45y was successfully inhibited
in FDC-P1 cells (Figure 2A and B). The expression level of apoptosis-
related protein, Caspase-3, Caspase-7, and Caspase-9, was positive

HS-5 MDS patients SKM-1
09
E Gadd45G
3
06
T
wn
03 4
é GAPDH
0.0

MDS patients HS-5 SKM-1

Cell

FIGURE 1 Expression comparison of GADD45y in myelodysplastic syndrome (MDS) patients and MDS cell lines. (A) The mRNA
expression of GADD45y by RT-PCR, *P < .01. (B) The protein expression of GADD45y by Western blot
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FIGURE 2 Effection of GADD45y in myelodysplastic syndrome (MDS) cell lines. (A) The mRNA expression of GADD45y in different cell
lines by RT-PCR, *P < .01. (B) The protein expression of GADD45y and apoptosis-related proteins in different cell lines by Western blot. (C)
The cell proliferation rates of cells transfected with different plasmids,*P < .05. (D) The role of GADD45y in apoptosis of SKM-1 and FDC-P1

cells

correlation with the expression level of GADD45y in SKM-1 cells
and FDC-P1 cells (Figure 2B). The proliferation rate of SKM-1 cells
is positive correlation and FDC-P1 cells is negative correlation with
the expression level of GADD45y by CCK-8 (Figure 2C). It indicated
that decreasing GADDA45y expression reduced the proliferation of
FDC-P1 cells and raised the SKM-1 cell proliferation. And meanwhile,
the increasing GADD45y expression raised the apoptosis of FDC-P1
cells and lower the SKM-1 cell apoptosis (Figure 2D). So far, we found
that GADD45y can inhibit or promote apoptosis by changing the ex-
pression level of apoptosis-related proteins in MDS cell line.

3.3 | Effection of azacitidine on the expression of
GADD45y in MDS cells

Azacitidine was the first drug to treat MDS, but its mechanism needed
further study. After confirming the effect of GADD45y on MDS cell
line by inducing apoptosis, we began to try to detect the change of
GADDA45y protein expression level in MDS cell line affected by azac-
itidine. After treatment of SKM-1 cell line with different concentration

of azacitidine, we found that the proliferation of SKM-1 cell line was
significantly inhibited with the increase of azacitidine concentration,
which was in direct proportion to the concentration of azacitidine. To
detect the expression level of GADD45y in SKM-1 cell line after azac-
itidine treatment, we were surprised to find that with the increase of
azacitidine concentration, the expression level of GADD45y protein
in the cell line also changed (Figure 3). When the concentration of
azacitidine increased, the expression level of GADD45y increased,
the expression of apoptosis-related proteins also increased, and the
proliferation of MDS cell line was inhibited. So far, we had determined
that azacitidine could promote the apoptosis of SKM-1 cells by regu-
lating the expression level of GADD45y in MDS cells and changing the

expression level of apoptosis-related proteins.
3.4 | Mechanism of azacitidine targeting GADD45y
gene therapy for MDS

In order to study how azacitidine acted on MDS cell line through
GADDA45y, we further overexpressed GADD45y in SKM-1 cell line.
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The results showed that GADD45y was overexpressed in SKM-1 cell
line, and with the increase of GADD45y expression level, the pro-
tein expression level related to apoptosis was also increased, and the
proliferation of SKM-1 cell line was significantly inhibited (Figure 4).
When azacitidine was added to SKM-1 cell line, the expression level
of GADD45y was further increased, and the effect of apoptosis was
more obvious.

Azacitidine is a classical demethylation drug. GADD45y DNA
was extracted from the experimental group and the control group.
Compared with the control group, the methylation level of GADD45y
in the experimental group with azacitidine was significantly lower.
So far, azacitidine can improve the expression level of GADD45y
by changing the methylation level of GADD45y gene, promote cell
apoptosis, promote MDS cell line apoptosis, and finally achieve the
effect of MDS disease treatment. GADD45y can be used as a target
and biomarker for the treatment of MDS.

4 | DISCUSSION

Through the analysis and comparison of MDS patients' bone marrow
cell samples and SKM-1 cell lines, we found that the expression level
of GADD45y protein in MDS patients was significantly lower than
that of HS-5. It was probably related to the occurrence, develop-
ment, and transformation of MDS. If the bone marrow samples of
healthy people could be obtained in the follow-up study, compared
with the expression level of GADD45y in MDS patients, the role of
GADDA45y in the occurrence and development of MDS could be fur-
ther confirmed. In order to further analyze the role and influence
of GADD45y in the pathological process of MDS, the expression
of GADD45y in FDC-P1 was silenced, resulting in accelerated cell
proliferation and reduced apoptosis. The recombinant expression
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of GADD45y in SKM-1 cells showed that the increase of GADD45y
expression level could promote the apoptosis of SKM-1 cells, inhibit
the proliferation of SKM-1 cells, and have certain value for the ma-
lignant transformation and prognosis of MDS. In later research, we
could investigate whether GADD45y could participate in autophagy
of MDS-related cell lines, and the application of GADD45y in the
treatment of MDS diseases.

In this study, we found that the expression of GADD45y in MDS
cell line was significantly increased when azacitidine was used as
demethylation drug, and the dose of azacitidine was related to the
apoptosis of MDS cell line and the expression of GADD45y in MDS
cell line. Furthermore, the overexpression of GADD45y in SKM-1
cell line was studied. The results showed that GADD45y could
induce the apoptosis of SKM-1 cell line through caspase signal-
ing pathway. When azacitidine was added, the expression level of
GADD45y in SKM-1 cell line continued to increase, and the apop-
tosis was more obvious. Methylation analysis showed that the DNA
methylation level of GADD45y in SKM-1 cell line was significantly
higher than that in SKM-1 control group with azacitidine added,
while the expression level of GADD45y in SKM-1 cell line was sig-
nificantly lower than that in SKM-1 control group with azacitidine
added, which was also confirmed in the GADD45y overexpression
system of SKM-1 cell line, indicating that azacitidine can promote
the expression of GADD45y in MDS cell line, and the demethyla-
tion of GADD45y could improve the expression level of GADD45y.
GADDA45y could further induce the apoptosis of MDS cell line
through caspase signal pathway and finally achieve the effect of
MDS treatment. Although azacitidine targeting GADD45y had
been proposed in this study to promote the apoptosis of MDS cell
line through demethylation, more detailed apoptosis mechanism
needs to be further studied, especially the specific cytokines in-
volved in apoptosis signal pathway.
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FIGURE 3 Effection of GADD45y in myelodysplastic syndrome cell lines. (A) and (B) The mRNA expression of GADD45y in SKM-1 cells
under different concentrations of AZA by RT-PCR. (C) The protein expression of GADD45y in SKM-1 cells under different concentrations
of AZA by Western blot. The final concentration of azacitidine in each experimental group was set as 0, 0.25, 0.5, 0.75, 1, and 5 pmol\L,
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FIGURE 4 Effection of GADD45y in myelodysplastic syndrome cell lines. (A) and (B) The mRNA expression of GADD45y in SKM-1
cells under AZA by RT-PCR, *P < .01. (C) The protein expression of GADD45y and apoptosis-related proteins in SKM-1 cells under AZA by
Western blot. (D) Methylation of GADD45y’s CpGs in the MDS cell line, *P < .01

In summary, we found the apoptosis promoting effect of
GADD45y in MDS cell line and proposed the more detailed mech-
anism of azacitidine increasing the expression level of GADD45y
through demethylation to inhibit MDS cell proliferation and promote
apoptosis. This provides a new perspective for MDS-targeted ther-
apy and proposes a new potential biomarker for MDS demethyla-
tion drug therapy. In addition, the overexpression of GADD45y is
expected to become a new method for MDS-targeted therapy.
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