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Expression and Clinical Significance of ANXA1 and DICER1
in Myelodysplastic Syndromes
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ABSTRACT
Objective: To explore the expression status of ANXA1 and DICER1 and their clinical significance in myelodysplastic syndromes
(MDS) patients. 
Study Design: A case control study.
Place  and  Duration  of  Study:  Department  of  Hematology,  The  First  Affiliated  Hospital  of  Guangxi  Medical  University,
Nanning,  Guangxi,  China,  from  January  2011  to  June  2020.
Methodology:  Quantitative  real-time  fluorescence  PCR  (qRT-PCR)  was  carried  out  to  detect  ANXA1  and  DICER1  expression
levels in the bone marrow from 49 MDS patients and 12 healthy volunteers as control. The correlation of the clinical parameters
and ANXA1 or DICER1 expression was then analysed in MDS.
Results: Compared with normal controls, the expression of bone marrow ANXA1 and DICER1 in MDS patients was significantly
decreased, especially in patients with secondary acute myeloid leukemia (s-AML). Moreover, down-expression of ANXA1 had a
great effect on differentiating s-AML subjects from MDS cases, and DICER1 expression showed good performance to screen MDS
subjects from normal controls. ANXA1 expression was negatively correlated with clinical features of poor prognosis such as the
percentage of bone marrow blasts, IPSS and WHO subtypes.
Conclusions: Bone marrow ANXA1 may be a potential biomarker for the risk prediction of leukemia transformation in MDS.
DICER1 may have diagnostic significance to MDS.
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INTRODUCTION

Myelodysplastic  syndromes  (MDS),  which  originates  from
hematopoietic stem cell, is a clonal malignant disorder charac-
terised by dysplastic hyperplasia in one or more cell lineages,
ineffective hematopoiesis, refractory hemocytopenia and a
variable inclination to develop into acute myeloid leukemia
(AML). The incidence of MDS is approximately 4/100000 popu-
lation/ year, but it is principally a disease of the elderly (over 70
years old) with an incidence of more than 0.03%/year.1 The
clinical manifestations and prognosis of patients are consider-
ably different. Correct and early diagnosis and treatment of
MDS are often extremely difficult.
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At present, individualised therapy is carried out according to the
prognosis of MDS patients: the low-risk MDS patients can be
treated with supportive care or immunomodulatory drugs such
as lenalidomide and anti-thymocyte globulin,  while  patients
with high-risk MDS are appropriate for demethylation drugs,
combined chemotherapy or allogeneic hematopoietic stem cell
transplantation  (HSCT).  However,  the  exact  mechanism
resulting in hematopoietic failure in MDS and AML patients is
still unclear. In order to further understand the molecular biolog-
ical  mechanism of  MDS,  it  is  necessary to  identify  effective
biomarkers  to  diagnose and estimate the prognosis  of  MDS
patients and provide clues for predicting the risk of leukemia
transformation.

MDS is a hematopoietic disease which is highly heterogeneous.
Its molecular pathogenesis and the mechanism of transforma-
tion  into  AML  have  not  been  full  elucidated,  in  which  the
abnormal expression of micro-ribonucleic acids (miRNAs) may
play an important role. MiRNA is a group of endogenous non--
coding  RNA,  with  a  length  of  19-25  nucleotides.  Over  1900
miRNAs have been reported that have critical regulatory func-
tions and are involved in virtually all physiological processes by
controlling gene encoding protein to regulate cell development,
proliferation, differentiation, apoptosis and metabolism, home-
ostasis.2 Besides, miRNAs are aberrantly expressed in different
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malignancies, which regulate suppressors or oncogenes to facil-
itate cancer biologies such as tumor growth, invasion, angiogen-
esis, and immune evasion.3 Recently, it is reported that part
miRNAs  were  global  down  expressed  in  bone  marrow
mesenchymal stromal cells (MSCs) of MDS, suggesting that the
abnormal expression of miRNA may be involved in the pathogen-
esis of MDS.4

Authors’ preliminary work discovered that the expression of BM
miR-196b in MDS patients increased significantly and rose with
the disease risk. Bioinformatics techniques were used to predict
potential target genes of miR-196b. We verified the reliability
and validity of some genes by quantitative real-time fluores-
cence  PCR  (qRT-PCR)  and  found  that  human  Annexin  A1
(ANXA1)  and  DICER1  were  differentially  expressed  in  bone
marrow from MDS patients.

However,  the  patterns  of  bone  marrow  ANXA1  and  DICER1
expression  and  their  clinical  significance  in  MDS  remain
unknown. To address this problem, the aim of the current study
was to explore the expression and clinical value of ANXA1 and
DICER1 in MDS patients.

METHODOLOGY
The study was approved by the Human Ethics Committee of The
First Affiliated Hospital of Guangxi Medical University. A total of 61
bone marrow samples were obtained from 38 MDS patients before
any chemotherapy, 11 MDS patients who subsequently devel-
oped  into  secondary  acute  myeloid  leukemia  (s-AML)  and  12
healthy  volunteers  from  2011  to  2014  in  The  First  Affiliated
Hospital of Guangxi Medical University. All MDS patients received
regular follow-up and the follow-up period was up to June 2020 (84
months). The patients who had other hematological diseases or
malignant tumors were excluded. Twelve healthy volunteers had
no  obvious  abnormalities  in  all  examination  indexes.  Written
informed  consents  were  obtained  from  all  the  participants
according to the Declaration of  Helsinki  prior  to bone marrow
collection. MDS patients were classified according to the World
Health Organization (WHO, 2016) Criteria. Refer to the Interna-
tional  Prognostic  Scoring  System  (IPSS),  MDS  patients  were
divided into three groups: relatively low-risk group (low risk +
intermediate risk I,  n=23), relatively high-risk group  (interme-
diate risk II +high risk, n=15), and s-AML group (n=11). Detailed
clinical features of 49 MDS patients were provided in Table I.

Up to 2ml BM sample was extracted from each participant and BM
mononuclear cells was seperated by density gradient centrifuga-
tion. Total RNA was isolated from BM cells using TRIzol reagent
(Invitgen, USA) according to the manufacturer’s instructions. RNA
was then reverse transcribed to cDNA. Reverse transcription was
performed with SuperScriptTM III Reverse Transcriptase (Invit-
rogen)  on  Gene  Amp  PCR  System  9700  (Applied
Biosystems). QRT-PCR was processed on ViiA 7 Real-time PCR
System  (Applied  Biosystems)  using  2X  PCR  master  mix
Kit (Arraystar). Conditions of qRT-PCR were as follows: 95°C for 10
min, followed by 40 PCR cycles (95°C for 10s) and 60°C for 1 min.
The primers used in the present study were as follows: GAPDH

forward:  5’GGGAAACTGTGGCGTGAT3’  and  revers:  5’GAGTGG-
GTGTCGCTGTTGA3;  ANXA1  forward:  5’ACCTTCAATCCATCCTC
GG3’  and  reverse:  5’TGATCTGTTGACG  CTGTGC3;  DICER1
forward: 5’TGCAATGTGAGACCGAATG3’ and reverse: 5’CATAGT-
TAGGACTGCGGAAAG3. The relative ANXA1 and DICER1 expres-
sion was calculated with the comparative 2−∆∆Ct method using
housekeeping gene GAPDH as the endogenous normaliser.

As the data were not subjected to normal distribution, the relative
ANXA1 and DICER1 expression among different groups was anal-
ysed  using  the  Mann-Whitney  U-test  or  Kruskal-Wallis  test  as
appropriate. Quantitative variables were expressed as median
(IQR). With the median expression of ANXA1 and DICER1 as the
cut-off value, patients with MDS were divided into high expression
group  and  low  expression  group.  Qualitative  variables  were
expressed as frequencies and percentages. Pearson Chi-square
test or Fisher’s exact probabilities was employed to detect the rela-
tionship between the expression of ANXA1 or DICER1 and clinical
characteristics. And r value was used to evaluate the degree of
linear correlation between two variables. Receiver operating char-
acteristic (ROC) curve and the area under the curve (AUC), sensi-
tivity and specificity were used to assess the diagnosis value of
bone  marrow  ANXA1  and  DICER1  expression.  Kaplan-Meier
survival  analysis  was  carried  out  to  explore  the  relationship
between the expression of  ANXA1/DICER1 and patient clinical
outcome. The statistical analyses were processed with SPSS 25.0
(SPSS Inc, Chicago, IL, USA) and GraphPad Prism 7 (GraphPad Soft-
ware Inc., La Jolla, CA, USA) software. Results were considered
statistically significant when p-value <0.05.

RESULTS
QRT-PCR results revealed that bone marrow ANXA1 expression in
each  subgroup  of  MDS  was  significantly  lower  than  normal
controls (p<0.05, Figure 1A). And s-AML patients had dramatically
lower  ANXA1 expression  than  patients  with  relatively  low-risk
MDS and patients with relatively high-risk MDS (p<0.05, Figure
1B). More importantly, ROC curve analysis showed that ANXA1
was a potential indicator for distinguishing s-AML patients from
MDS patients with AUC of 0.799, and the sensitivity and specificity
were 81.82% and 84.21%, respectively (p=0.003, Figure 2).

On the other  hand,  the expression of  DICER1 from each MDS
subgroup  was  obviously  more  reduced  compared  to  normal
controls, especially in the s-AML group (all p <0.01, Figure 1C-D).
ROC curve analysis showed that compared to healthy controls,
low-expression  of  DICER1  may  have  the  diagnostic  reference
value for MDS as the AUC value was 0.821 and its sensitivity and
specificity  were  66.67%  and  79.59%,  respectively  (p=0.001,
Figure 3). The relative expressions of ANXA1 and DICER1 were
shown in Table II.

The median values of absolute neutrophil counts (ANC), hemo-
globin and platelets were used as the cut-off values to divide the
MDS patients into high group and low group. As shown in Table I,
ANXA1 expression was negatively correlated to the percentage
of bone marrow (BM) blasts (r=-0.315, P=0.027, WHO classifica-
tion  (r=-0.259,  p=0.009),  IPSS  (r=-0.365,  p=0.011)  in  MDS
patients.
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Table I: Association between different clinical features and ANXA1 or DICER1 expression in MDS patients.
Clinical
variables

ANXA1 Expression DICER1 Expression
Low(n=25) High(n=24) P Low(n=25) High(n=24) P

Gender   0.196   0.913
Male 18(72%) 13(54.2%)  16(64%) 15(62.5%)  
Female 7(28%) 11(45.8%)  9(36%) 9 (37.5%)  
BM blasts (%)   0.027   0.296
<5 11(44%) 18(75%)  13(52%) 16(66.7%)  
>5 14(56%) 6(25%)  12(48%) 8(33.3%)  
PLT(×109/L)   0.195   0.321
<50 14(56%) 9(37.5%)  10(40%) 13(54.2%)  
>50 11(44%) 15(62.5%)  15(60%) 11(45.8%)  
Hb(g/L)   0.674   0.879
<70 14(56%) 12(50%)  13(52%) 13(54.2%)  
>70 11(44%) 12(50%)  12(48%) 11(45.8%)  
ANC (×109/L)   0.199   0.889
<1 15(60%) 10(41.7%)  13(52%) 12(50%)  
>1 10(40%) 14(58.3%)  12(48%) 12(50%)  
WHO subtype   0.009   0.396
MDS-SLD 2(8%) 1(4.2%)  1(4%) 2(8.3%)  
MDS-MLD 9(36%) 13(54.2%)  11(44%) 11(45.9%)  
MDS-EB 4(16%) 9(37.5%)  5(20%) 8(33.3%)  
s-AML 10(40%) 1(4.2%)  8(32%) 3(12.5%)  
IPSS   0.011   0.258
low+INT1 9(36%) 14(58.3%)  10(40%) 13(54.2%)  
high+INT2 6(24%) 9(37.5%)  7(28%) 8(33.3%)  
s-AML 10(40%) 1(4.2%)  8(32%) 3(12.5%)  
Cytogenetics   0.312   >0.999
Favorable 15(60%) 13(54.2%)  14(56%) 14(58.3%)  
Intermediate 0(0%) 3(12.5%)  1(4%) 2(8.3%)  
Unfavorable 6(24%) 8(33.3%)  7(28%) 7(29.2%)  
PLT: Platelets; Hb: Hemoglobin; ANC: Absolute neutrophil counts; low+INT1, Low risk and intermediate I risk; high+INT2, High risk and intermediate II risk.

Table II: The relative expression of ANXA1 and DICER1 in subgroups of MDS and normal controls.
Group Patients (N=61) ANXA1 Expression DICER1 Expression
MDS groups n=49 0.534(0.589) 0.822(1.419)
Relatively low-risk group n=23 0.610(0.492) 0.952(1.612)
Relatively high-risk group n=15 0.624(0.596) 0.920(1.326)
s-AML group n=11 0.252(0.057) 0.322(1.425)
Normal controls n=12 1.150(0.976) 2.342(3.209)

There was no correlation between ANXA1 expression and other
clinical parameters, including gender, cytogenetics, hemoglobin
levels, platelet counts and ANC nevertheless. In like manner,
however, there was no relevance between DICER1 expres-
sion  and these clinical  parameters.  During  the  84-month
follow-up,  there  was  no  statistically  significant  difference in
overall survival or patient outcome between high expression
group  and  low  expression  group  of  ANXA1  or  DICER1
(p>0.05).

DISCUSSION

MDS is a highly heterogeneous hematopoietic malignancy
with a high risk of transformation to AML. At present, the
occurrence and progression of MDS are complex multi-gene,
multi-stage  pathological  processes,  and  its  pathogenesis
remains  elusive.  DICER1,  belongs  to  RNase  III  family,  is
extensively expressed in various tissues and plays a crucial

part in the maturation of miRNA. Accumulated evidence has
indicated that DICER1 expression is different among tumors,
and varies according to the development stages in the same
tumor.  For  instance,  DICER1 was  down-regulated  in  liver
cancer, cervical cancer, ovarian cancer 5 and breast cancer,6

while  over-expressed  in  cutaneous  melanoma,7  prostate
cancer8 and rectal cancer.
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Figure 1A: The relative expression of ANXA1 in each MDS subgroup
and  normal  controls.  low+INT-1,  low  risk+  intermediate  risk  I.
INT-2+high: intermediate risk II+ high risk.

Figure 1B: The relative expression of ANXA1 in relatively low + high
risk MDS groups and s-AML group.

In  the current  study,  bone marrow DICER1 expression in
MDS patients was significantly down-regulated compared to
normal controls.  These results were consistent with other
studies  regarding  MDS.  Hakan  et  al.  found  that  DICER1
expression  in  multipotent  mesenchymal  stem  cells  from
MDS and AML patients was lower than healthy controls, and
gradually  decreased from healthy controls  to  AML.  Some
differentially expressed miRNAs suggested that DICER1 may
be involved in the pathogenesis of MDS and AML, which may
become a new target gene for therapy.9 In addition, Raaij-
makes et al. discovered that the specific deletion of DICER1
in  mouse osteoprogenitor  cells  can give rise  to  hemocy-
topenia, myelodysplasia and induce into MDS and s-AML.10

Subsequently,  studies  confirmed  that  DICER1  gene  expres-
sion in MDS patients was lower than healthy controls.4,11

Figure 1C: The relative expression of DICER1 in each MDS subgroup
and normal controls.

Figure 1D: The relative expression of DICER1 in three MDS groups
and normal controls.

Figure 2: ROC analysis using ANXA1 for screening AML cases from
MDS patients.
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Figure 3: ROC analysis using DICER1 for separating MDS patients
from normal controls.

In this study bone marrow DICER1 expression in MDS and s-
AML patients was greatly lower than healthy controls, espe-
cially  in  s-AML.  In  MDS subjects,  the  expression level  of
DICER1  was  significantly  down-regulated.  ROC  analysis
showed that DICER1 low-expression could distinguish MDS
cases from normal controls. Thus, we believe that DICER1
may be  a  potential  biomarker  for  accurate  diagnosis  for
MDS.

ANXA1, a calcium-dependent phospholipid-binding protein, is
the  first  member  of  the  Annexin  family.  Since  its  discovery,
ANXA1  was  considered  to  involve  in  anti-inflammatory
response, cell differentiation, proliferation and apoptosis, signal
regulation  and  other  cellular  biological  activities.12  Recent
studies have shown that ANXA1 may play multiple roles in the
occurrence and development of malignancies at different levels
(from cancer initiation to metastasis).13,14

ANXA1 expression in various types of tumors was contradic-
tory.Gao. et al. showed that ANXA1 was down-expressed in
gastric and bile duct cancers. Forced-expressed ANXA1 in
gastric cancer cells strongly restrained cell growth and modu-
lated COX-2 expression.15 Similar studies were observed in
other  tumors.16-18  However,  ANXA1  was  up-expressed  in
some cancer types such as hepatocellular carcinoma, non-s-
mall cell lung cancer, melanoma and esophageal cancer.19-22

As for hematologic malignancies, Sabran et al. found that
ANXA1 expression in acute lymphoblastic leukemia (Jurkat),
AML (U937) and chronic myeloid leukemia (K562) cell lines
were visibly higher compared to peripheral blood mononu-
clear cells (PBMCs) from normal controls. Moreover, ANXA1
expression in U937 cells was lower than in K562 and Jurkat
cells, indicating that ANXA1 can be used as a biomarker to
distinguish AML from healthy people.23  The expression of
ANXA1  was  up-regulated  in  hairy  cell  leukemia  (HCL).
Brunangelo.et al did immunostaining in 500 B-cell  tumors
with a specific anti-ANXA1 monoclonal antibody and demons-
trated that ANXA1 expression was unique to HCL.24

From these results, it is speculated that the expression of
ANXA1 is abnormal in MDS. However, studies on ANXA1 in
bone marrow of MDS patients are scant. This study showed
that compared with relatively low-risk MDS group, ANXA1
expression was down-regulated in relatively high-risk MDS
patients. Furthermore, in s-AML patients, the expression was
more  decreased.  As  a  result,  ANXA1  expression  in  MDS
patients is negatively correlated with the risk of leukemia
transformation. At present,  the IPSS risk score of  MDS is
mainly determined by the percentage of BM blasts, cytoge-
netics and peripheral blood. Hence, this study analysed the
correlation between the relative expression of ANXA1 and
these  clinical  parameters.  Results  indicated  that  ANXA1
expression in MDS patients was negatively correlated with
the  percentage  of  BM  blasts,  IPSS  and  WHO  stratification,
but did not correlate with cytogenetics and peripheral blood.
As the percentage of BM blasts, IPSS and WHO stratification
are important indices for MDS disease classification, risk clas-
sification, disease progression and prognosis, low expression
of ANXA1 may contribute to the disease progression and
poor  prognosis  in  MDS,  suggesting  that  ANXA1  may  be
conducive to early diagnosis and management of MDS. In
addition, the ROC curve suggested that ANXA1 down-expres-
sion may lead to the occurrence of AML, which can be used
to distinguish s-AML patients from MDS patients. In conclu-
sion, we speculate that ANXA1 may play a crucial role in the
transformation from MDS to AML.

Unfortunately, the univariate survival analysis showed that
the expression of ANXA1 or DICER1 was not correlated with
prognosis.  The  reasons  may  be  sufficient  sample  size  and
the therapy of MDS patients is not unified, thus the survival
time cannot be compared. Next, the authors will expand the
sample  size,  strictly  screen  and  follow  up  the  eligible
patients  and  then  analyze  the  correlation  between  the
disease prognosis and ANXA1 or DICER1.

CONCLUSION

Taken together, this data provide a convincing evidence that
bone marrow ANXA1 and DICER1 expressions in MDS patients
are  significantly  decreased  compare  to  healthy  controls,  and
their abnormal expressions may play an important role in MDS
pathogenesis. ANXA1 can be used as a potential biomarker to
predict the leukemia transformation risk of MDS, and DICER1
may contribute to the diagnosis of MDS.
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