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Abstract
Background  Acute myeloid leukemia (AML) is a heterogeneous blood disease with poor treatment effect and high recurrence 
rate. With the deepening of non-coding RNA research, more and more miRNAs have been found to participate in various 
physiological processes of tumors. In this study, we tried to find the miRNA related to the prognosis of AML.
Methods  Collect gene expression data and clinical information of AML patients in the Cancer Genome Atlas database for 
statistical analysis. The expression level of miR-195 of each patient was standardized by logCPM and then produced as a 
box plot according to subtype classification. TargetScan was used to predict the target genes of miR-195, and these genes 
were subjected to GO pathway enrichment analysis by Metascape. Differential miRNAs were screened through the DESeq2 
package in the R language. Survival rates were estimated using the Kaplan–Meier method and the log-rank test. The multi-
variate Cox proportional hazard models of EFS and OS were established.
Results  We found that the expression of miR-195 was the lowest in cytogenetically normal (CN-) AML, and high expres-
sion of miR-195 only promoted the prognosis of chemotherapy-only CN-AML patients (EFS: P = 0.016; OS: P = 0.035). 
Multivariate analysis showed that miR-195high was a favorable and independent factor for CN-AML (both P < 0.05). Further 
analysis showed that miR-195 may affect signal transduction through ANHAK2 in AML.
Conclusion  We found that high expression of miR-195 can increase prognosis time of chemotherapy-only CN-AML patients, 
providing a new possibility for treatment.
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Introduction

Acute myeloid leukemia (AML) is a genetically heterogene-
ous disorder [1], its incidence is three to four per 100,000 
per year with a median age of 65–71 years of diagnosis 
[2–4]. AML is still a highly resistant disease of conventional 
chemotherapy, molecular profiling and next-generation Guangsheng Wu and Lin Fu contributed equally to this work and 
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sequencing by PCR has revealed a variety of recurrent gene 
mutations, such as FLT3, DNMT3A, IDH [5]. These muta-
tions result in resistance to conventional chemotherapy. The 
total cure rate of AML is only 30–40% [6]. Cytogenetically 
normal acute myeloid leukemia (CN-AML) is the most 
common karyotype and usually fall into intermediate-risk 
cytogenetics. Gene mutations also have been found to be 
associated with CN-AML. It is necessary to find new factors 
for the prognosis of AML. Aberrantly expressed genes are 
likely to be useful for defining molecular risk in CN-AML.

MicroRNA (miRNA) is a small non-coding 21–23 nucle-
otide RNA which can regulate gene expression by binding 
to the untranslated region of the target mRNA molecule, 
thereby inhibiting transcription or inducing mRNA degra-
dation [7, 8]. MiRNAs have been shown to play important 
roles in a variety of tumor activities, such as proliferation, 
angiogenesis, apoptosis, invasion and metastasis [9–12].

MiR-195 shows different expression patterns and func-
tions in various cancers [13–16]. It has been reported that 
miR-195 can inhibit the proliferation of liver cancer cells 
by targeting Cyclin D1, CDK6 and E2F3 [16], and promote 
the apoptosis of colorectal cancer cells by inhibiting Bcl-2 
[17]. However, the biological function of miR-195 in AML 
is not clear. In this study, we explored the impact of miR-
195 on the prognosis of patients with AML who have been 
diagnosed and treated, especially in normal karyotypes.

Methods

Patients

A total of 188 adult de novo AML patients with complete 
clinical data and miR-195 expression information from The 
Cancer Genome Atlas (TCGA, https://​tcga-​data.​nci.​nih.​gov/​
tcga) database were included in the study. Ninety patients 
were treated with chemotherapy only, including 40 CN-
AML patients. Among 40 chemotherapy-only CN-AML 
patients, there were 36 patients with gene mRNA expression 
data. In addition, there were 35 CN-AML patients who had 
received allogeneic hematopoietic stem cell transplantation 
(allo-HSCT). A total of 75 CN-AML patients were involved 
in this study. Chemotherapy-only CN-AML patients age 
ranged from 35 to 88. Clinical features at diagnosis were 
described, including peripheral blood (PB) white blood cell 
counts (WBC), blast percentages in PB and bone marrow 
(BM), French–American–British (FAB) subtypes, and the 
frequencies of known recurrent genetic mutations. Detailed 
clinical and molecular characteristics could be found on the 
TCGA website. Event-free survival (EFS) and overall sur-
vival (OS) were the primary endpoints of this study. EFS 
was defined as the time from diagnosis to withdrawal of the 
study due to lack of complete remission, relapse, or death, 

or was censored at the last follow-up. OS was defined as 
the time from diagnosis to death or was censored at the last 
follow-up. Informed consent was provided to all patients 
and the study protocol was approved by the University of 
Washington Human Research Committee.

Analysis of the miR‑195 expression

To analyze the expression level of each AML subtype 
patient, we normalized the expression level of miR-195 by 
logCPM (count-per-millon), and then made a box plot. In 
addition, after subtracting the median expression level from 
the expression level of each patient, we made a histogram 
to show the expression level distribution of miR-195 in 40 
chemotherapy-only CN-AML patients.

Bioinformatics analysis

We entered miR-195 in the TargetScan website (http://​www.​
targe​tscan.​org/​vert_​72/) to predict its potential target genes 
and downloaded the result list. Then we used Metascape 
(http://​metas​cape.​org/) to carry out the GO (Gene Ontology) 
gene pathway enrichment analysis of target genes. Accord-
ing to the expression of miRNAs in the miR-195high group 
and the miR-195low group, the DESeq2 package in the R 
language screen the differential miRNAs [18]. The threshold 
for screening differential genes was set at fold change > 1 
and false discovery rate < 5%.

Statistical analysis

The clinical and molecular characteristics of the patients 
were summarized using descriptive statistical methods. 
Data sets were described by median and/or range. The 
Mann–Whitney U test was used as appropriate to compare 
numerical comparison and chi-square test for comparison 
of categorical data. Survival rates were estimated using the 
Kaplan–Meier method and the log-rank test. The multivari-
ate Cox proportional hazard models of EFS and OS were 
established using a limited backward elimination process. 
The statistical significance level was 0.05 for a two-tailed 
test. All statistical analyses were performed using SPSS soft-
ware 20.0 and GraphPad Prism software 7.0.

Results

Prognostic significance of miR‑195 in CN‑AML

According to the median expression levels of the miR-195 
in chemotherapy-only group, all patients were divided into 
two groups. Kaplan–Meier analysis demonstrated that the 
chemotherapy patients with high expressions of miR-195 

https://tcga-data.nci.nih.gov/tcga
https://tcga-data.nci.nih.gov/tcga
http://www.targetscan.org/vert_72/
http://www.targetscan.org/vert_72/
http://metascape.org/
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Fig. 1   Kaplan–Meier curves of EFS and OS in different expression 
levels of miR-195. A, B EFS and OS results in all chemotherapy 
patients (n = 90); C The expression level of miR-195 in each AML 

subtype; D, E EFS and OS results in chemotherapy-only CN-AML 
patients (n = 40); F, G EFS and OS results in allo-HSCT patients 
(n = 35). EFS event-free survival, OS overall survival
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Table 1   Comparison of clinical 
and molecular characteristics in 
different groups

WBC white blood cell, BM bone marrow, PB peripheral blood, FAB French–American–British
*Mann–Whitney U test
§Chi-square test

Characteristics Total miR-195 P

High (n = 20) Low (n = 20)

Age/years, median (range) 66 (35–88) 62.5 (38–88) 67.5 (35–82) 0.213*

Age group/n (%) 0.091§

 < 60 years 13 (32.5) 9 (45.0) 4 (20.0)
 ≥ 60 years 27 (67.5) 11 (55.0) 16 (80.0)

Gender/n (%) 0.827§

 Male 21 (52.5) 12 (60.0) 9 (45.0)
 Female 19 (47.5) 8 (40.0) 11 (55.0

WBC/ × 109/L, median (range) 40 (1.4–298.4) 15.05 (2.5–116.2) 76.85 (1.4–298.4) 0.011*

BM blasts/%, median (range) 75 (30–99) 73 (30–88) 80 (32–99) 0.038*

PB blasts/%, median (range) 32.5 (0–98) 8 (0–97) 52 (6–98) 0.009*

EFS/month, median (range) 15.29 (0.1–84.5) 24.98 (0.1–84.5) 16.03 (0.1–38.1) 0.015*

OS/month, median (range) 18.23 (0.1–84.5) 24.18 (0.1–84.5) 16.83 (0.1–38.1) 0.047*

FAB subtypes/n (%)
 M0 2 (5.0) 1 (5.0) 1 (5.0) 1.000§

 M1 9 (22.5) 4 (20.0) 5 (25.0) 0.705§

 M2 7 (17.5) 2 (10.0) 5 (25.0) 0.212§

 M4 12 (30.0) 5 (25.0) 7 (35.0) 0.490§

 M5 9 (22.5) 7 (35.0) 2 (10.0) 0.058§

 M7 1 (2.5) 2 (5.0) 0 (0.0) 0.311§

Risk/n (%) 0.548§

 Intermediate 37 (92.5) 18 (90.0) 19 (95.0)
 Poor 3 (7.5) 2 (10.0) 1 (5.0)

FLT3/n (%) 0.019§

 FLT3-ITD 7 (17.5) 3 (15.0) 4 (20.0)
 FLT3-TKD 6 (15.0) 0 (0.0) 6 (30.0)
 Wild type 27 (67.5) 17 (85.0) 10 (50.0)

NPM1/n (%) 0.519§

 Mutation 24 (60.0) 11 (55.0) 13 (65.0)
 Wild type 16 (40.0) 9 (45.0) 7 (35.0)

DNMT3A/n (%) 0.525§

 Mutation 18 (45.0) 10 (50.0) 8 (40.0)
 Wild type 22 (55.0) 10 (50.0) 12 (60.0)

IDH1/IDH2/n(%) 0.723§

 Mutation 11 (27.5) 5 (25.0) 6 (30.0)
 Wild type 29 (72.5) 15 (75.0) 14 (70.0)

RUNX1/n (%) 1.000§

 Mutation 2 (5.0) 1 (5.0) 1 (5.0)
 Wild type 76 (90.5) 19 (95.0) 19 (95.0)

NRAS/KRAS/n (%) 0.376§

 Mutation 6 (15.0) 4 (20.0) 2 (10.0)
 Wild type 34 (85.0) 16 (80.0) 18 (90.0)

TET2/n (%) 1.000§

 Mutation 4 (10.0) 2 (10.0) 2 (10.0)
 Wild type 36 (90.0) 18 (90.0) 18 (90.0)

TP53/n (%) 0.311§

 Mutation 1 (2.5) 1 (5.0) 0 (0.0)
 Wild type 39 (97.5) 19 (95.0) 20 (100.0)
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had longer EFS than those with low expressions (P = 0.009, 
Fig.  1A), while OS had no difference (Fig. 1B). Then, 
among all patients included in the TCGA database, we ana-
lyzed the expression of miR-195 in each subtype and found 
that the CN-AML group had the lowest expression, which 
attracted our attention (Fig. 1C). Similarly, after using the 
median of expression to divide CN-AML patients into two 
groups, there were both longer EFS and OS in the miR-
195high group (both P < 0.05, Fig. 1D, E; Supplementary 
Fig. 1). Meanwhile in allo-HSCT CN-AML patients, it had 
no difference about EFS and OS in two different expression 
groups (Fig. 1F, G).

Clinical and molecular characteristics of the CN‑AML 
patients in chemotherapy‑only group

All normal karyotype chemotherapy patients (n = 40) were 
divided by miR-195 median expression levels, respectively 
(Table 1). Comparing to the miR-195low group, the miR-
195gigh group had less WBC count (P = 0.011), BM blasts 
(P = 0.038) and PB blasts (P = 0.009), and fewer patients 
with FLT3-ITD (P = 0.019). No significant differences 
were found in age, gender distribution, FAB subtypes, and 
frequency of other recurrent genetic mutations (NPM1, 
DNMT3A, IDH1/IDH2, RUNX1, NRAS/KRAS, TET2 and 
TP53) between the two groups.

Multivariate analyses of EFS and OS in CN‑AML 
patients

To assess the prognostic significance of the aforementioned 
clinical and molecular characteristics in the CN-AML chem-
otherapy patients, we chose the expression levels of miR-
195 (high vs. low), age (≥ 60 vs. < 60), WBC count (≥ 15 
vs. < 15 × 109/L), BM blasts (≥ 70 vs. < 70%), FLT3-ITD 
(positive vs. negative), and other common genetic mutations 

(NPM1, RUNX1, TET2 and DNMT3A; mutated vs. wild) to 
construct multivariate analyses (Table 2). High miR-195 
expression and age ≥ 60 were identified as independent risk 
factors for EFS (both P < 0.05), while high miR-195 expres-
sion and TET2 mutation were independent risk factors for 
OS (both P < 0.05).

Potential mechanism of miR‑195 
in chemotherapy‑only CN‑AML group

To explore the mechanism of miR-195 in chemotherapy-only 
CN-AML, we first used TargentScan to predict the potential tar-
get genes of miR-195. In the end, we got 82 related target genes 
with expression data in the TCGA database (Supplementary 
Table 1). After GO enrichment of these target genes, it was found 
that they were mainly concentrated in some pathways, such as 
protein localization to membrane, stress-activated protein kinase 
signaling cascade, mitogen-activated protein kinase (MAPK) 
signaling pathway, and so on (Fig. 2A). Then we analyzed the 
prognostic effects of 82 target genes in chemotherapy-only CN-
AML group. And based on miRNA’s main inhibitory effect on 
target genes, we screened out the most likely downstream target 
of miR-195, AHNAK nucleoprotein 2 (AHNAK2). Among the 
36 CN-AML chemotherapy patients, patients with high expres-
sion of AHNAK2 had shorter OS, which was the opposite of the 
results of miR-195 (P = 0.0492, Fig. 2B). Then we also screened 
the differential miRNAs between two groups, and 18 miRNAs 
were down-expression in miR-195low group (Fig. 2C, 2D).

Discussion

In this study, we found in CN-AML, the expression of miR-
195 was the lowest. And high expression of miR-195 was 
only beneficial to the prognosis in chemotherapy CN-AML 
patients, while no difference in common karyotypes. But 

Table 2   Multivariate analysis 
of EFS and OS in 40 CN-AML 
patients

EFS Event-free survival, OS overall survival, HR hazard ratio, CI confidence interval, WBC white blood 
cell, BM bone marrow

Variables EFS OS

HR (95%CI) P value HR (95%CI) P value

miR-195 (high vs. Low) 0.358 (0.160–0.801) 0.012 0.312 (0.132–0.740) 0.008
Age (≥ 60 vs. < 60) 2.826 (1.140–7.005) 0.025 2.148 (0.854–5.403) 0.104
WBC (≥ 15 vs. < 15 × 109/L) 0.814 (0.320–2.070) 0.666 0.736 (0.283–1.915) 0.530
BM blasts (≥ 70 vs. < 70%) 0.655 (0.252–1.704) 0.386 0.632 (0.237–1.687) 0.360
FLT3-ITD (positive vs. negative) 2.677 (0.980–7.315) 0.055 2.738 (0.991–7.567) 0.052
NPM1 (mutated vs. wild) 0.725 (0.257–2.047) 0.544 0.423 (0.150–1.195) 0.105
RUNX1 (mutated vs. wild) 0.591 (0.112–3.102) 0.534 0.299 (0.055–1.630) 0.163
TET2 (mutated vs. wild) 0.367 (0.079–1.694) 0.199 0.119 (0.027–0.527) 0.005
DNMT3A (mutated vs. wild) 1.333 (0.598–2.974) 0.482 0.299 (0.055–1.630) 0.163
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these prognostic effects were not observed in CN-AML 
patients with allo-HSCT. This may be because allo-HSCT is 
currently the only treatment that may cure AML. The treat-
ment is more intense and can overcome some problems that 
chemotherapy cannot handle.

The prognostic effect of MiR-195 had been found in some 
tumors. In pediatric AML, the expression of miR-195 was 
reduced in bone marrow or serum, and patients with low 
expression of miR-195 also had worse survival [19]. In blad-
der cancer and gastric cancer, low expression of miR-195 
was also a poor prognostic factor [20, 21]. According to 
our analysis, highly expressed miR-195 is an independent 

prognostic factor for CN-AML, representing longer OS and 
EFS. This is most likely due to the fact that the miR-195high 
patient group has fewer WBC count, BM blasts, PM blasts 
and lower frequency FLT3-ITD mutations.

The pathway enrichment of miR-195 target genes 
showed that the main concentrated pathways were pro-
tein localization to membrane, stress-activated protein 
kinase signaling cascade, and MAPK signaling pathway. 
These three pathways were closely related to the extra- 
and intracellular signal transduction. Previous studies 
had found that in bladder cancer and cervical cancer, 
miR-195 can affect the MAPK pathway to regulate tumor 

Fig. 2   Potential mechanism of miR-195 in chemotherapy-only CN-
AML group. A The GO enrichment results of 82 target genes of miR-
195; B chemotherapy-only CN-AML patients with high expression of 

AHNAK2 had shorter OS; C, D Results of miR-195 target miRNA by 
unsupervised clustering heat map and volcano map analysis. GO gene 
ontology, AHNAK2 AHNAK nucleoprotein 2, OS overall survival
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cell proliferation and apoptosis [20, 22]. In addition, 
we screened out the potential target gene of miR-195 in 
AML, ANHAK2, which not only had a negative prognostic 
effect due to its increased expression in a variety of tumors 
[23–25], but also participated in cell signal transduction. 
In lung adenocarcinoma, down-regulating the expres-
sion of ANHAK2 can reduce the activity of the MAPK 
pathway to inhibit cell proliferation [26]. In this study, 
we guessed that in chemotherapy-only CN-AML, miR-195 
was likely to play a role in cell signal transduction through 
ANHAK2. Of course, these needed follow-up experiments 
to confirm. Meanwhile, according to the differentially 
expressed miRNAs obtained, miR-195 may also have an 
effect on other miRNAs in chemotherapy-only CN-AML.

According to the results of OS in Table 2, the TET2 muta-
tion is also an independent prognostic factor for CN-AML, in 
addition to miR-195. TET2 mutations are present in multiple 
lymphoid and myeloid lines as well as CD34+ progenitor cells, 
suggesting early clonal mutations in the stem cell compartment 
[27]. TET2 mutations are present in 32% of patients in second-
ary acute myeloid leukemia [28]. The TET2 mutation status 
has been found to be an uncertain prognostic indicator. Some 
studies have shown that TET2 is significantly associated with a 
poor prognosis in AML, in contrast, others have found that it is 
associated with a good prognosis in MDS [29, 30]. The role of 
TET2 in CN-AML needs further exploration.

In conclusion, our analysis finds that high expression of 
miR-195 is an independent and favorable prognostic fac-
tor in AML normal karyotype chemotherapy patients. But 
their effects can be eliminated by allo-HSCT. The results 
of the study are limited by the small sample size and fur-
ther studies of larger samples are needed.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s10147-​021-​01999-5.
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