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ARTICLE INFO ABSTRACT
Article history: Background: Changes in ABO blood type caused by a gradual decrease in antigen expression
Received 23 August 2020 have been found in patients with acute myeloid leukemia (AML). Studies have indicated
Accepted 2 March 2022 that alteration of ABO gene methylation accounts for 50% of acquired weak ABO antigen
Available online 17 March 2022 expression in patients with leukemia. However, the molecular mechanisms contributing to
the remaining 50% of cases are unknown. We hypothesize that deregulation of miRNA is
Keywords: correlated with weak ABO antigen expression in patients with AML.
ABO blood Type Methods: Blood samples of 19 patients with AML and 12 healthy controls were collected, in
microRNAs which the blood type was not changed in these AML patients. Flow cytometric analysis was
Leukemia applied to measure the ABO antigen expression titer among AML patients and controls. A
Hematopoiesis total of 18 leukemia-related miRNAs were analyzed via quantitative real-time polymerase

chain reactions.

Results: We found that miRNA profiles were correlated with the AML patients, especially in
those who had constant or weakened ABO antigen expressions. Compared with healthy
controls, the miR-16 and miR-451 expression were significantly lower in either AML cases
with weak ABO antigen expressions (p = 0.003, p = 0.028, respectively) or AML cases with
constant ABO antigen expressions (p = 0.043, p = 0.040, respectively). Although not sta-
tistically significant, decreasing trends in the miR-451 and miR-16 expressions in the AML
patients with weakened ABO were observed compared to those with constant ABO anti-
gens. The weak ABO antigen expression might correlate with miRNAs, especially miR-16
and miR-451.

Conclusion: This study indicated that decreasing in miR-16 and miR-451 was associated with
AML and AML with weakened ABO expression. In the future, we will continue to include
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more cases and exclude the others factor influencing ABO antigen expression, promoter
methylation and oxidative stress, to replicate the results of this study and investigate the
underlying mechanism of decreasing miR-16 and miR-451 in AML patients with varied ABO

antigen expression levels.

At a glance commentary
Scientific background on the subject

microRNAs (miRNAs) play a pivotal role in gene expres-
sion. Moreover, they participate in embryonic develop-
ment. Thus, we hypothesized that the 30 % of patients
with acute leukemia had very weak ABO antigen
expression that were caused by miRNAs.

What this study adds to the field

We speculated that the weak ABO antigen expression
might correlate with miRNAs, especially miR-16 and
miR-451. This study provided a direction for investi-
gating the underlying mechanism of the weakened ABO
in acute leukemia patients.

It has been shown that A or B antigen expression had a 55%
decrease in patients with acute myeloid leukemia (AML),
which resulted in the alternation in ABO blood type [1]. Pre-
vious studies indicated that alteration of ABO promoter
methylation accounts for 50% of leukemia patients who had
acquired ABO antigen weak expression [2]. However, the
molecular mechanisms contributing to the remaining 50% of
the cases are unknown. The aim of this study was to find out
the reason that influencing the weakened blood type in those
50% unknown casas.

miRNAs are a family of small non-coding RNAs (18—24
nucleotides), and recent studies demonstrated that micro-
RNAs (miRNAs) play a pivotal role in gene expression by either
degradation of the target mRNAs or blocking translation [3,4].
Moreover, miRNAs participate in regulation of various bio-
logical processes such as cell proliferation, differentiation,
and embryonic development [S]. However, only a few miRNAs
have been characterized at the functional level, and even less
is known about the regulation of miRNA expression.

miRNAs also participate in hematopoiesis [6], and several
miRNAs had been identified that control the differentiation of
specific blood cell lineage, e.g. miR-130 in megakaryopoiesis
[7], miR-223 in granulopoiesis [8], and miR-181a in T lympho-
poiesis [9]. miR-221 and miR-222 were found to block kit re-
ceptor at mRNA level, and the finding indicated that miRNAs
participate in early erythropoiesis [10]. The expression profiles
of miRNAs at specific stages of erythropoiesis were identified
by microarray studies [11—13]. miR-24 was proved to induce
red cell maturation and restrict the activin-mediated accu-
mulation of hemoglobin by targeting the activin type I recep-
tor [14]. The abnormal regulation of miRNAs may also be a key
point in abnormal erythropoiesis in polycythemia vera [13,15].

Because about 30% of patients with acute leukemia had
very weak ABO antigen expression analyzed by flow cyto-
metric analysis in our preliminary study, we hypothesize that
deregulation of miRNA caused by AML attenuates the
expression levels of ABO transferases and A/B antigen
expression in the patients with acquired weak expression of
ABO antigens.

Materials and methods

Subjects. This study was approved by the Institutional Review
Board of Chang Gung Memorial Hospital (CGMH) with the
approval ID of 103-6479B and 103-2419B. All the participants
provided written informed consents to participate in this
study, and all methods were performed in accordance with
the relevant guidelines and regulations. Originally, a total of
53 AML patients with blood group A were collected and
detected by flow cytometry. Among them, the A antigen of 7
patients were less than 90% compared to positive control.
Additionally, a total of 32 AML patients with blood group B
were collected and detected by flow cytometry, of which 15
patients had less than 90% of B antigen compared to positive
control. After excluding subjects without complete data and
unable to continue tracking, there were only 7 patients with
blood type A and 12 patients with blood type B (19 in total). No
blood type in these patients was found to be changed. These
samples were collected between 2014 and 2017 at the Blood
Bank of CGMH. The detailed information of final 19 AML pa-
tients was shown in Supplementary Table 1. Six negative
control samples were included from healthy volunteers.
Flow cytometric analysis of A and B antigens. Flow cytometry
was applied in A and B antigen detection, the healthy vol-
unteers and patient's red blood cells were washed twice
with 1X phosphate-buffered saline and 50 ul of a 1.5% red
blood cell PBS suspension were incubated for 60 min at
room temperature with 50 ul 1 : 700 dilutions of FITC-
conjugated lectin from Helix pomatia for blood type A
(L1034, Sigma) or 50 ul1:5 dilutions of FITC conjugated lectin
from Bandeiraea simplicifolia (L2895, Sigma) for blood type B.
The A cell (AC-0001B-01, Formasa Biomedical, Taiwan) and B
cell (AC-0001B-02, Formasa Biomedical, Taiwan) were used
as a reference control RBCs (positive control). As a negative
control, 50 pl of a 1.5% reference RBCs was incubated with
50 ul of 1X PBS as a negative agglutination control. These
samples were washed two times (3400 rpm/1 min) and
suspend in 500 pl PBS, and immune phenotypes were
analyzed on a flow cytometry Cytomics FC500 (Beckman
Coulter) and CPX software (Beckman Coulter). Two vari-
ables, the relative percentage of antigen-expressing cells
and the mean fluorescence index (MFI), were used for data
analysis. MFI is a relative measurement for the amount of
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antigen expression on the cell surface and is defined as a
statistical indicator, comparing changes of fluorescence in-
tensity. In this study, the weakened ABO antigen expression
was defined as those with the MFI lower than 90% of the
standard blood cells based on the findings in our previous
study [16] and subsequent work [17—19]. Defining weak ABO
types with MFI was to avoid errors or inconsistencies of
human judgment. In Chen et al. (2011), we found that the
MFTI of the A antigen expression for weak A subtype (Aiy)
were 65.71 + 13.06% of the wild type A (A,); and the MFI of
the B antigen expression for weak B (Be;) was 90.71 + 1.72%
of the wild type B (B;). Therefore, to include more subtle
blood type changes, we used the MFI <90% (the upper limit)
of the standard blood cells as the cutoff level for the
weakened ABO antigen expression. And the histogram of
flow cytometry showing the weakened antigen expression
was shown in Supplementary Figure 1. The fluorescein
isothiocyanate (FITC)-conjugated lectin from H. pomatia, and
FITC-conjugated lectin from B. simplicifolia were purchased
from Sigma (Saint Louis, MO).

miRNA quantitative real-time polymerase chain reaction
(qRT-PCR)

miRNAs expression levels were assessed using the gqRT-PCR
method. 5 ng of total RNA was used per sample to synthe-
size cDNA. The expression of U6 was used as the internal
control and for RNA template normalization. Total RNA was
extracted from the peripheral blood RBC (3 x 10° cells) using
the miRNeasy mini kit (cat no.217004, Qiagen, CA), cDNAs
were synthesized using the SuperScript III First-Strand Syn-
thesis System for RT-PCR (Invitrogen, #18080-051, CA USA)
with a universal stem-loop primer method [20]. The 20 pl of
reverse transcription reaction mixture contained 50 ng total
RNA, 1 pl universal stem-loop primer USLP (5'-GAAA-
GAAGGCGAGGAGCAGATCGAGGAAGAAGACGGAAGAATGTG

CGTCTCGCCTTCTTTCNNNNNNNN-3, 10 uM), 1 pl U6RT
primer (5'-CGCTTCACGAATTTGCGTGT CAB-3/, 10 uM), as per
the manufacturer's instructions. The expression of miR-1,
miR-9-5p, miR-10a, miR-16, miR-24, miR-125b, miR-145, miR-
150, miR-155, miR-203-3p, miR-221, miR-222, miR-223, miR-
331-3p, miR-451, miR-574-5p, miR-848-5p, and miR-1908-5p
were measured by gqRT-PCR. The primer sequences as
described in Table 1, and the reasons for choosing the 18
miRNAs in study were based on the below literature. In a re-
view paper from S Yendamuri (2009), he sorted out the role of
miRNA in hematopoiesis from precursor cells to mature blood
cells. Wherein miR-150 and miR-223 promoted cell differen-
tiation; miR-150, miR-155, miR-221, and miR-222 inhibited cell
differentiation; and miR-150, miR-155, miR-221, miR-222, miR-
16, and miR-145 were related to red blood cell differentiation
[21]. As for miR-9-5p, miR-155, and miR-203-3p, we referred to
the research of Chuang MK et al. (2015) that predicted the
prognosis of AML patients with 3-microrna scoring system
[22]. miR-574-5p, miR-451, and miR-848-5p were selected
based on the ABO gene 3'UTR sequence. Additionally, Kron-
stein Wiedemann R et al. reported that miR-331-3p and miR-
1908-5p were related to the performance of tranferase A in
2015 ISBT annual meeting [23]. Furthermore, miR-1, miR-10a,
miR-16, miR-24, miR-125b, miR-145 were often discussed as
being associated with leukemia [24—26]. These miRNAs were
included in the analysis and the clinical relevance of leukemia
was summarized in Supplementary Table 2. But mir-848-5p
has not been found to be related to leukemia yet.

The level of miRNAs expression was measured using the
quantification cycle (Cq) value. miRNAs expression assay was
used and quantified by the comparative 2224 method [27]
and normalized to U6 expression. We chose the small nuclear
RNA (snRNA) U6 as a housekeeping gene. For a quantitative
analysis of 18 miRNAs expression, the amplification of cDNAs
by the qRT-PCR method was done using LightCycler FastStart
DNA Master SYBR Green I on a LightCycler® 480 System

Table 1 miRNA qRT-PCR primer.

Primer

Sequence

U6 gPCR Forward primer
U6 gPCR Reverse Primer
miR-1

miR-9-5p

miR-10a

miR-16

miR-24

miR-125b

miR-145

miR-150

miR-155

miR-203-3p

miR-221

miR-222

miR-223

miR-331-3p

miR-451

miR-574-5p
miR-848-5p
miR-1908-5p
Reverse qPCR Primer

5'-GCTTCGGCAGCACATATACTAAAAT-3
5'-CGCTTCACGAATTTGCGTGTCAT.-3'
5'- GCGGGTGGAATGTAAAGAAGTATGTAT-3'
5'-GCGTCTTTGGTTATCTAGCTGT-3’
5'-CGTACCCTGTAGATCCGAATTTGTG
5'-AGCAGCACGTAAATATTGGCG-3
5'-GCTGCCTACTGAGCTGATATCAGT -3
5'- GTCCCTGAGACCCTAACTTGTGA -3’
5'- GTCCAGTTTTCCCAGGAATCCCT -3’
5'-GC-TCTCCCAACCCTTGTACC-3'
5'-GCGG TTAATGCTAATCGTGATA-3’
5'-GTGAAATGTTTAGGACCACTAG-3’

5'- GCACCTGGCATACAATGTAGAT-3'
5'- CTCAGTAGCCAGTGTAGATC -3’
5'-CGTGTATTTGACAAGCTGAGTT -3
5'-CCCTGGGCCTATCCTAGAA-3'
5'-CAAACCGTTACCATTACTGAGTT-3
5'-TGAGTGTGTGTGTGTGAGTGT -3’
5'-CACACACACACACACACGTAT-3’
5'-TATAGGGACGGCGATTGGTC-3'
5'-CGAGGAAGAAGACGGAAGAAT-3'
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(Roche, Sydney, Australia), according to the manufacturer's
instructions, and each sample was analyzed in triplicate. The
20 pl real-time PCR volume included 0.5 pl of RT product, 1 pl of
miRNA specific forward qPCR primer (4uM), 1 pl of universal
reverse qPCR primer (4uM) which is derived from sequences
within universal stem-loop primer, and 17.5 pl of SYBR Green
real-time PCR Master Mix. The reactions were incubated at
95 °C for 10 min, followed by 45 cycles of 95 °C for 10s, 60 °C for
5s, 72 °C for 10s.

Statistical analysis

The relative amount of the miRNA expression level was
calculated using the Cq value and presented as mean + sd. The
miRNA expression levels were first compared among the three
groups of subjects: the healthy controls, the weak ABO antigen
expression group, and the constant ABO antigen expression
group using the Kruskal-Wallis test. Following three-group
tests, pair-wise comparisons of the miRNA expression levels
were then carried out using the Mann—Whitney U test be-
tween any two of the three groups. Linear regression was then
performed to examine the linear correlation between any
significantly identified miRNA and the level of antigen,
measured by the multiparametric flow cytometry (FCM) %. All
statistical analyses were performed using the SPSS 18.0 pro-
gram for Windows. A test result was considered statistically
significant if p <0.05.

Results

In the comparisons of the expression levels for 18 miRNAs
among the control group, the AML group with weak ABO antigen

expression and the AML group with constant ABO antigen
expression, the results of the Kruskal-Wallis test revealed that
the expression of miR-16 (p = 0.015) and miR-451 (p = 0.042) were
significant among the three groups. In addition, both the
quantity of miR-16 and miR-451 were the lowest in the AML
cases with weak ABO antigen expression and the highest in the
healthy controls (Table 2). Furthermore, the results of pair-wise
comparisons using the Mann—Whitney U test suggested that,
the miR-16 expression was significantly lower in either AML
cases with weak ABO antigen expressions (p = 0.003) or AML
cases with constant ABO antigen expression (p = 0.043),
compared with the normal controls. Similarly, the expression
level of miR-451 was significantly lower in both AML cases with
weak ABO antigen expression (p = 0.028) and AML cases with
constant ABO antigen expression (p = 0.040) than the healthy
controls. However, the statistical differences of both miR-16 and
miR-451 expression were not significantbetween these two AML
sub-groups (Fig. 1). The target genes of miR-16 and miR-451 were
summarized in Supplementary Table 3.

Discussion

The mechanism of weak ABO expression in patients with leu-
kemia has not been comprehensively studied yet. This was the
first report to demonstrate that miRNA expression was signif-
icantly different in AML patients with weakened ABO and
healthy control. Studies have indicated that miRNA expression
was regulated during hematopoietic differentiation, suggesting
miRNA involvement in the hematopoietic differentiation pro-
cess [8]. However, the relationship between the weakening of
the ABO antigen and the regulation of miRNA has not been
determined. Our results indicated that erythroid-specific miR-

Table 2 The miRNA expression levels (mean + SD) in the AML sub-groups with weak/constant ABO antigen expression and

in the control group.

AML Control
Weak (N =7) Constant (N = 12) All (N = 19) (N =12
miR155 1.39 + 1.17 1.98 +1.28 1.76 + 1.24 1.46 +1.33
miR150 0.65 + 0.45 0.77 + 0.58 0.73 + 0.52 1.07 + 0.40
miR221 1.60 + 1.41 1.58 + 0.97 1.59 + 1.11 1.31 +0.94
miR222 1.66 + 1.57 1.49 + 1.09 1.55 + 1.24 1.26 + 0.92
miR223 1.49 + 1.68 1.44 +1.03 1.46 +1.26 1.39 + 1.19
miR95p 2.59 + 3.63 2.66 +5.17 2.64 + 4.55 1.28 + 1.01
miR2033P 3.93 + 6.58 3.06 + 4.58 3.38 +5.24 1.48 +1.37
miR5745P 3.83 + 6.95 2.23 +2.76 2.82 +4.63 1.36 + 1.14
miR8485P 4.25 +7.37 3.71+7.21 3.91 + 7.07 1.32 +0.98
miR3313P 3.78 +5.99 3.22 +4.99 3.43 +5.22 1.27 +0.97
miR19085P 1.26 + 0.71 1.88 +3.17 1.65 + 2.53 1.09 + 0.48
miR1 212 +1.44 3.15 + 6.17 2.77 + 4.92 1.55 + 1.45
miR10a 1.39 + 0.97 1.97 +3.12 1.76 + 2.52 1.14 + 0.58
miR24 0.66 + 0.39 1.45 + 3.38 1.16 + 2.68 2.67 +3.88
miR125b 1.48 + 1.75 2.20 + 1.55 1.94 + 1.62 1.58 +1.71
miR145 1.11 +0.74 0.82 + 0.56 0.92 + 0.63 1.17 + 0.63
miR16 0.31 + 0.247 0.61 + 0.74% 0.50 + 0.62% 1.29 +1.01°
miR451 0.46 + 0.32° 0.57 + 0.49° 0.53 + 0.43% 1.39 + 1.21°

# The Mann—Whitney U test compared with the control group had p < 0.05.
® The Kruskal-Wallis test among the control group, the AML group with weak ABO antigen expressions and the AML group with constant ABO

antigen expressions had p < 0.05.
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Fig. 1 Boxplots comparing the expression level of (A) miR-16
and (B) miR-451 between any two of the three groups. The
Mann—Whitney U test p-values were indicated.

mik-16

451 and miR-16 were downregulated in AML patients and
especially in those with weak ABO expression.

In 2007, Zhan et al. examined the expression profiles of 295
miRNAs in an erythroid culture system using array hybridi-
zation and real-time PCR, and determined that miR-451
increased more than the other miRNAs in cellular content
[28]. Rathjen et al. demonstrated miR-451 was abundant in
human RBCs [29]. Moreover, reticulocytes are young RBCs and
contain many types of messenger RNAs (mRNAs), which were
still being translated for RBC function during the last stage of
erythropoiesis [30]. In addition, miR-16 had a positive corre-
lation to the expression of erythroid surface antigens and
hemoglobin synthesis [31]. Consequently, some of the mRNAs
in reticulocytes might be the target gene of miR-451 and miR-
16 and then resulted in weakened ABO.

The reason why lower miR-16 and miR-451 expression levels
were observed in the AML patients in contrast to the controls
(Table 2 and Fig. 1) might be due to that the transcription level of
ABO gene would be changed in AML patients [32], and that gene
transcription level would be affected by miRNA regulation [33].
According to Havelange V and Garzon R's research [34], it indi-
cated that miR-16 and miR-451 were increased during hemato-
poiesis from megakaryocyte—erythroid progenitor cell (MEP) to
erythrocyte, and a study of Bruchova H et al. [35] showed that
there was a significantly overexpression of miR-16 and miR-451
in reticulocytes, which is one of MEP. Consequently, we sup-
posed that miR-16 and miR-451 were involved in the phase of
MEP transform into RBC and then influenced the expression
level of ABO antigen by transforming the sugars or proteins on
RBCs membrane [36], and we created a concept map to illustrate
thatin Fig. 2.

These findings were consistent with the finding regarding
Plasmodium vivax infection. Goldberg DE et al. proposed that
Plasmodium parasites eat, digest, and thereby receive nutrients
from hemoglobin in RBCs [37]. Additionally, Rathjen et al.
(2006) revealed that the level of miR-451 in Plasmodium-infec-
ted RBCs was lower than that in healthy RBCs [25]. Moreover,
hypersplenism in malaria infection increases clearance of
plasma miRNAs. In the pathophysiology of malaria infection,
the spleen increases destruction of infected and noninfected
RBCs [38]. This hypersplenism induces increased trapping of

-

min 451 T \maturation and proliferation

Normal ABO
antigen expression

 —

(@r::::-@n::w

HSC MEP RBC
= miR-16 + / Decreasing ABO
Leukemia —— mirasie antigen expression
REC

Fig. 2 The concept map that there might be a down-regulation of miR-16 and miR-451 during human erythroid differentiation.
HSC: Hematopoietic stem cell; CMP: common myeloid progenitor; MEP: megakaryocyte—erythroid progenitor cell; RBC: red

blood cell.
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blood cells as well as the circulation of microparticles con-
taining miRNAs. Therefore, malaria-induced hypersplenism
might cause a decrease in plasma miR-451 and miR-16 levels
[39]. The function of miRNA-16 is to regulate cell differentia-
tion and apoptosis, and which had a positive association with
the expression level of erythroid surface antigens [31].
Therefore, the reason of the weakened ABO antigen expres-
sion for the decrease of miRNA-16 expression might be like
the mechanism of above-mentioned antigen.

The erythroid maturation was regulated by miR-451 ac-
cording to repressing Cox10 and inhibiting mitochondrial ac-
tivity [40]. Oxidative stress regulation plays an important role
in erythropoiesis, which involved in the maturation of eryth-
rocytes, differentiation of erythroid cell progenitors, and so on
[41]. Consequently, the erythroid cell progenitors would be
destroyed by the oxidative stress when miR-451 was
decreased [42] his oxidative stress might be one of the reasons
for the weakened expression of ABO antigen via modifying the
lipids and proteins on the membrane of RBCs [43].

We have performed linear regression analyses to explore
the relationship between the miR-16/miR-451 and the level of
antigen, measured by the multiparametric flow cytometry
(FCM) % in our case. We found that the linear correlation
seemed not to be able to ideally delineate the relationship
between miRNA and the level of antigen due to the frequency
distribution of the level of antigen in our subjects
(Supplementary Fig. 2(A) and 2(B)). For all the subjects (N = 31),
the coefficient estimates of both miR-16 and miR-451 on the
level of antigen were not significant with p = 0.1299 and 0.2391
and adjusted R-Square = 0.0471 and 0.0152, respectively. For the
AML cases (N = 19), the condition was similar, and the coef-
ficient estimates of both miR-16 and miR-451 on the level of
antigen were not significant with p = 0.2924 and 0.4458 and
adjusted R-Square = 0.0099 and —0.022, respectively.

The miR-16 and miR-451 expressions were not statistically
different between the AML patients with and without
decreased ABO antigens, possibly due to our limited sample
size. The miR-16 and miR-451 were elevated in the final
mature stage of red blood cells in healthy people, but in
contrast, they were reduced in leukemia patients [30]. There-
fore, it would be easier to identify statistically significant dif-
ferences between leukemia patients and healthy people.
According to our experimental data, the level of miR-16 and
miR-451 were much lower in AML patients with weakened
ABO than those with normal ABO expression (Table 2). How-
ever, a larger number of samples would be needed to identify
statistical differences between leukemia patients with and
without weakened ABO, even though we have seen an obvious
trend in their proportions. Another possible reason was that
other factors weakening the ABO antigen were not excluded,
such as promoter methylation loss the ABO allelic expression
[2,44], and oxidative stress modify lipid and proteins on RBCs
[43]. However, there were several studies reporting that miR-
16 and miR-451 were associated with late stage of erythroid
differentiation [45], and Choong et al. showed a correlation of
miR-16 expression with increase of erythroid surface antigens
(Glycophorin A, MNS blood group) [31], which echoed our
hypothesis. Nevertheless, there was large variations in the
miR-16 and -451 expressions, which might have influenced
the final statistical result with our limited sample size. We

speculated that the possible reason of the outliers was that the
microRNA or U6 might be degraded during the extraction of
total RNA, which might have affected the results of RT-PCR.
Although U6 was usually used as the internal control and
normalization in the early quantitative analysis of microRNA,
the stability of U6 was not satisfactory [46,47]. It was also re-
ported that the expression of U6 might differ in different or-
ganizations [48], so the internal control should be carefully
selected and employed in the future.

Conclusions

In conclusion, in addition to the observation that miR-16 and
miR-451 decreased in AML patients, the miR-16 and miR-451
expression level had significance between healthy controls
and AML with weakened ABO antigen expression. We specu-
lated that the weak ABO antigen expression might correlate
with miRNAs, especially miR-16 and miR-451, and the
decreased miR-16 and miR-451 were related to the maturation
and differentiation of erythrocytes and ABO antigen synthe-
sis. Moreover, miRNA might be a factor in the expression of A
or B antigen by transforming the sugars or proteins on RBCs
membrane. In the future, we will continue to include more
study samples and exclude the others factor influencing ABO
weakening, promoter methylation and oxidative stress, to
replicate the results of this study and investigate the under-
lying mechanism of decreasing miR-16 and miR-451 in the
weakened ABO.
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