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SUMMARY
Background: The current study mainly aims to evaluate the role and clinical significance of miR-145 in the progression of AML.
Methods: Serum and bone marrow nucleated cells (BMNc) were collected and the level of miR-145 was detected
by RT-PCR. Pearson’s correlation assay was carried out to analyze the correlation between serum miR-145 and
clinical index. The receiver operating characteristic (ROC) curve was constructed to determine the diagnosis value of serum miR-145.
Results: MiR-145 was significantly decreased in serum and BMNc of patients with AML compared with the control group. Pearson’s correlation assay showed that serum miR-145 was positively correlated with miR-145 levels
in BMNc. Further study showed that the level of serum miR-145 was much lower in AML patients with initial
WBC count ≥ 50 x 109/L than that of WBC count < 50 x 10 9/L. Moreover, the level of serum miR-145 in prednisone poor responders was significantly lower than that in prednisone good responders. Compared with minimal
residual disease (MRD) < 0.01% group, serum miR-145 was much lower in AML patients with MRD ≥ 0.01%
group. Pearson’s correlation analysis showed that serum miR-145 was positively correlated with MRD. In addition, miR-145 diagnosed AML with an AUC of 0.915 (95% confidence interval: 0.828 to 1.000; p < 0.001).
Conclusions: The level of miR-145 in serum and BMNc of AML patients was significantly lower than those of the
control group. Serum miR-145 was related to poor prognosis and disease recurrence of AML.
(Clin. Lab. 2020;66:xx-xx. DOI: 10.7754/Clin.Lab.2019.191143)
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INTRODUCTION
Acute myeloid leukemia (AML) is the most common
acute leukemia in adults [1]. It is a highly heterogeneous hematological malignant disease characterized by
an accumulation of immature myeloid blasts in the bone
marrow and blood [2,3]. Although a significant improvement has been reported in the 5-year survival rate
of AML patients over the past years, the prognosis and
relapse of AML is still dismal [4]. It is still difficult to
predict the clinical outcome and treatment response of
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AML patients [5]. Hence, to identify an effective and
sensitive marker might shed light on the diagnosis and
prognosis of AML malignancy.
MicroRNA (miRNA, miR) is a newly discovered small
non-coding RNA that regulates gene expression after
transcription [6]. Over the past years, accumulating evidence has shown that abnormal expression of miRs may
be responsible for hematologic malignancies, and some
miRNAs can be used as potential biomarkers for AML
patients [5-7]. For instance, reduced serum miR-34a has
been shown to correlate with poor prognosis of AML
patients [5]. Elevated circulating exosomal miR-125b
level is shown to predict higher risks of relapse and
overall death among AML patients [6]. However, very
little is known regarding the role of miRNAs.
miR-145 has been shown to be differentially expressed
in many neoplastic diseases, such as lung cancer, colon
cancer, etc. [8,9]. Prominently, miR-145 has also been
shown to be dysregulated in AML cell lines [10].
However, the expression of miR-145 in patient samples
has never been explored. Therefore, this study further
elucidates the expression of miR-145 in vivo, which
may provide a new perspective for the diagnosis and
prognosis of AML.

density (OD) 260/280. A poly(A) tail was added using
Poly(A) Tailing Kit (Thermo Fisher Scientific). Reverse
transcription was carried out using TaqMan™ MicroRNA Reverse Transcription Kit (Thermo Fisher Scientific, Inc., Waltham, MA, USA). Reverse transcription
system: dNTP 2 μL, reverse transcriptase 1 μL, 5 x Buffer 4 μL, RNase inhibitor 1 μL, DEPCH2O 8 μL, random primer 1 μL, template RNA 3 μL. The reaction
conditions were 75°C, 10 minutes; 37°C, 50 minutes;
70°C, 15 minutes; 4°C, forever. To quantify the relative
mRNA levels, qPCR was performed using SYBR Green
Supermix (Bio-Rad Laboratories, Inc., Hercules, CA,
USA) in an iCycleriQ real-time PCR detection system.
The PCR amplifications were performed in a 10 μL reaction system containing 5 μL SYBR Green Supermix,
0.4 μL forward primer, 0.4 μL reverse primer, 2.2 μL
double distilled H2O, and 2 μL template cDNA. Thermocycling conditions were as follows: 95°C for 10 minutes followed by 40 cycles of 95°C for 15 seconds and
60°C for 1 minute. Relative mRNA expression was normalized to U6 using the 2-∆∆Cq method [11].
Statistical analysis
The data were represented as the mean ± standard error
of the mean (SEM). The two-tailed unpaired Student’s
t-test was used for comparisons of two groups. The oneway ANOVA multiple comparison test (SPSS 13.0) followed by Tukey’s post hoc test were used for comparisons of two or more groups. Pearson’s correlation assay
was carried out to analyze the correlation between serum miR-145 and clinical index. The receiver operating
characteristic (ROC) curve was constructed to determine the diagnosis value of serum miR-145. p < 0.05
indicates a statistically significant difference. SPSS
software 20.0 and GraphPad Prism 5.0 were used to
conduct the statistical analyses in this study.

MATERIALS AND METHODS
Patient samples
BMNc and blood samples from 40 patients with AML
were taken from patients at the Jinan Infectious Diseases Hospital from June 2017 to March 2018. The
study was approved by the Medical Ethics Committee
in Jinan Infectious Diseases Hospital and informed consent was obtained. All patients were newly diagnosed,
had no history of other malignant tumors, and had not
received any anti-tumor drug treatment. The age of
AML patients ranged from 19 to 42 years old (average
age: 26.35 ± 5.91 years), including 24 males and 16 females. Bone marrow puncture was performed before
and after treatment. Blood samples were collected at admission. MRD assessments by flow cytometry were retrieved and low risk groups were categorized with
< 0.01%, while high risk group were categorized with
≥ 0.01%. Another 20 patients with non-hematopoietic
diseases of the same age were selected as the control
group, including 11 males and 9 females (aged 21 to 49
years, with an average age of 27.01 ± 6.23 years). There
were 9 cases of iron deficiency anemia, 9 cases of allergic purpura, and 2 cases of other diseases. There was no
significant difference in gender and age between the
two groups (p > 0.05).

RESULTS
Decreased miR-145 in serum and BMNc of AML patients
First, we analyzed the level of miR-145 in serum and
BMNc of AML patients. Compared with the control
group, our data showed that the level of miR-145 in serum and BMNc was much lower in AML patients than
in the control group (Figure 1A and 1B).
Serum miR-145 was positively correlated with
BMNc miR-145 in AML patients
Furthermore, we analyzed the correlation between serum miR-145 and the level of miR-145 in BMNc. Pearson’s correlation assay showed that serum miR-145 was
positively correlated with the level of miR-145 in
BMNc (r = 0.791, p < 0.001) (Figure 2).

RT-PCR
Total RNA was extracted from BMNc and serum samples using RNAVzol LS (Vigorous Biotechnology Beijing Co., Ltd, Beijing, China) according to the manufacturer’s protocol. The concentration and the purity of
RNA samples was determined by measuring the optical
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Figure 1. MiR-145 was reduced in serum and BMNc of AML patients compared to the controls.
The results showed that the expression of miR-145 was significantly down-regulated in serum (A) and BMNc (B) of AML patients compared
with the control group. ***p < 0.001 vs. as indicated.

Figure 2. Pearson’s correlation assay showed that serum miR-145 was positively correlated with the level of miR-145 in BMNc.
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Figure 3. RT-PCR was carried out to analyze the level of serum miR-145 according to clinical indicators in AML patients.
(A) The level of serum miR-145 was significantly lower in AML patients with initial WBC count ≥ 50 x 109/L compared to that of patients with
WBC count < 50 x 109/L. (B) The level of serum miR-145 in pre-sensitized AML patients was significantly lower than that in insensitive AML
patients. * - p < 0.05, *** - p < 0.001 vs. as indicated.

Figure 4. Serum miR-145 negatively correlated with MRD.
(A) Compared with MRD < 0.01% group, serum miR-145 was much lower in AML patients with MRD ≥ 0.01% group. (B) Pearson’s correlation analysis showed a positive correlation between serum miR-145 and MRD. * - p < 0.05 vs. as indicated.
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Figure 5. ROC analysis showed that serum miR-145 could screen AML patients from controls.

Relationship between serum miR-145 and clinical indicators in AML patients
Furthermore, we analyzed the level of serum miR-145
in AML patients based on clinical indicators. Our data
showed that the level of serum miR-145 was significantly lower in AML patients with initial WBC count
≥ 50 x 109/L (n = 14) than in patients with WBC count
< 50 x 109/L (n = 26) (Figure 3A). In addition, the level
of serum miR-145 in prednisone poor responders
(n = 8) was significantly lower than in prednisone good
responders (n = 32) (Figure 3B). However, the expression of serum miR-145 was not related to gender, age,
and chromosomal abnormalities (data not shown).

Serum miR-145 could screen AML patients from
controls
In addition, ROC analysis was carried out to evaluate
the diagnostic value of serum miR-145 in the diagnosis
of AML, and our data showed that the AUC of miR-145
diagnosed AML was 0.915 (95% confidence interval:
0.828 - 1.000; p < 0.0001). When the cutoff value was
0.21, miR-145 has a sensitivity of 80.8% and a specificity of 100% for diagnosis of AML (Figure 5).

DISCUSSION
AML is a highly heterogeneous disease characterized
by an accumulation of abnormal primordial cells and
immature cells in bone marrow [13]. miRNAs are
shown to affect the cellular proliferation and differentiation in AML patients [14,15]. Here, for the first time,
we showed novel data that miR-145 was significantly
lower in the serum and BMNc of patients with AML
than those of the control group. Further study showed a
positive correlation between serum miR-145 and BMNc
miR-145 levels, indicating serum miR-145 and BMNc
miR-145 may originate from the same source. Since serum is a non-invasive sample, it is better as a biomarker
for early screening of AML.
It is reported that accurate typing and prognosis analysis
before treatment are important for developing personal-

Serum miR-145 negatively correlated with minimal
residual disease (MRD)
MRD plays an important role in the evaluation of prognosis among AML patients, and it is also considered as
the root cause of leukemia recurrence [12]. Hence, we
evaluated the level of miR-145 in AML patients according to the level of MRD. Compared with MRD < 0.01%
group (n = 27), serum miR-145 was much lower in
AML patients with MRD ≥ 0.01% group (n = 13) (Figure 4A). Pearson’s correlation analysis showed a positive correlation between serum miR-145 and MRD
(r = 0.715, p < 0.01) (Figure 4B), indicating lower serum miR-145 might indicate the recurrence of AML.
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ized treatment plans and ensuring long-term survival
[16]. Age, immunophenotyping, chromosomal abnormalities, genetic abnormalities, early treatment response, etc. are all important factors affecting the prognosis of AML patients [17,18]. Here, we showed that
the relative expression of miR-145 in the serum of
AML patients is related to the WBC count and prednisone sensitivity. This indicates that serum miR-145 expression levels may be associated with poor patient
prognosis.
In AML patients who achieve a complete remission
(CR), MRD has emerged as an important prognostic
factor for relapse and survival in AML [19]. It is reported that eradication of MRD may enhance the survival
rate among AML patients [20]. In the present study, we
showed that serum miR-145 has a positive correlation
with MRD. The expression of serum miR-145 was significantly lower in AML patients with MRD ≥ 0.01%
group than that of MRD < 0.01% group, suggesting that
low expression of miR-145 predicts poor prognosis.
Hence, miR-145 can be used as an indicator of prognosis in adult AML patients. Furthermore, the AUC demonstrated the high diagnostic value of miR-145 for
AML, indicating serum miR-145 has a high diagnostic
efficacy for the diagnosis of AML.
Although the data are promising, several limitations remain in the present study. First, as the sample size is
still small, large cohorts are required for further validation. Second, it is uncertain whether this downregulation of serum miR-145 is specific for hematological
malignancies. Therefore, it is necessary to compare serum miR-145 in different types of cancer to validate the
specificity for AML diagnosis.
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