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Up-regulation of serum miR-4262
predicts clinical outcome of patients
with acute myeloid leukemia
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Abstract. - OBJECTIVE: The aim of this study
was to investigate whether miR-4262 was associ-
ated with the prognosis of acute myeloid leukemia
(AML) patients.

PATIENTS AND METHODS: Serum and bone
marrow miR-4262 expression were investigated in
186 AML patients and 115 healthy normal controls
by using Real-time PCR. Associations between
miR-4262 expressions and various clinicopatho-
logical characteristics were analyzed. Overall sur-
vival and relapse-free survival were evaluated us-
ingthe Kaplan-Meier method. Univariate and multi-
variate analysis were performed using the Cox
proportional hazard analysis.

RESULTS: Expressionlevels of miR-4262inthe
bone marrow and serum of AML patients were
both significantly higher than those in healthy
controls (both p<0.01). Moreover, increased miR-
4262 expression was significantly associated
with FAB classification (p=0.001) and cytogenet-
ics (p=0.001). Patients with highmiR-4262 expres-
sion had poorer overall survival time and re-
lapse-free survival time than those with low miR-
4262 expression. Finally, multivariate analysis
identified high miR-4262 expression as an inde-
pendent prognostic factor for AML (p<0.001).

CONCLUSIONS: Our datarevealed thatthe eval-
uation of miR-4262 expression in the bone marrow
and serum was an ideal tool for predicting the pro-
gression of AML and prognosis.
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Introduction

Acute myeloid leukemia (AML) is a heteroge-
neous malignant disease, which arises from the
differentiation arrest of myeloid precursor and ma-
lignant proliferation in bone marrow and blood'-.
Despite recent advances in our understanding of
the mechanisms of leukemogenesis, the clinical
outcome of AML is still poor in elder patients’.
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The identification of sensitive and specific AML
biomarkers, which can recognize the patients who
are at the risk of poor outcome and the develop-
ment of new therapeutic approaches, is essential.
miRNAs are small, noncoding RNA molecules
that modulate gene expression and regulate many
cellular processes®. It has become increasingly
clear that aberrant expression of miRNAs is an
important regulator in various cancers, including
AML?7. A variety of miRNAs have been linked
to deregulated oncogenic or tumor suppressor
pathways®. For instance, Xiao et al’ showed that
miR-223 was downregulated in AML patients
compared with healthy subjects, and miR-223 in-
hibits cell proliferation and enhances cell apop-
tosis in AML cells via targeting FBXW?7. Sharifi
et al'"® showed that miR-92a may play a positive
regulator in progression of AML through mod-
ulation of p63 expression. Organista-Nava et al"!
found that miR-24 upregulation was associated
with poor prognosis in AML. Thus, exploring
these miRNAs, which could be used to predict
prognosis of AML patients, was very important.
MiR-4262 is a newly identified miRNA and has
been shown to be an effective biomarker and ac-
tive tumor promoter in several tumors including
hepatocellular carcinoma'? and melanoma'. How-
ever, whether miR-4262 was associated with the
progression of AML has not been reported. In the
present study, we aimed to analyze the correla-
tion between miR-4262 dysregulation and clinical
characteristics and prognosis.

Patients and Methods

Patients and Tissue Samples

Between 2008 and August 2011, a total of 186
blood and narrow bone samples from AML pa-
tients were collected in the Department of Hema-
tology, Jining No. 1 People’s Hospital.
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AML diagnosis was made in accordance
with the revised French-American-British (FAB)
classification. All patients were followed up un-
til December 2016 or death. The control group
consisted of 80 healthy volunteers. None of these
controls had previously been diagnosed with any
malignancy or other benign disease. The mean
age of the patients and control subjects was 45+5
years and 38+9 years, respectively. This study
was approved by the Research Ethics Committee
of Jining No. 1 People’s Hospital, China. Written
informed consent was obtained from all of the pa-
tients according to the committee’s regulations.

Quantitative Real-time Polymerase
Chain Reaction (gRT-PCR)

The isolation of miRNA from serum samples
was performed with the miRNeasy™ RNA iso-
lation kit (Qiagen, Valencia, CA, USA) accord-
ing to the manufacturer’s instructions. To verify
mature miRNA expression levels, qRT-PCR was
performed using the standard TagMan® miRNA
assay protocol on an ABI7500 Real-time PCR
System. Cycling conditions were 95°C for 10 min
followed by 40 cycles at 95°C for 15 s and 60°C for
1 min. The primers were designed and produced
by Invitrogen (Carlsbad, CA, USA). Each sample
was carried out in triplicate. The qRT-PCR data
were normalized using 244 method relative to
U6 small nuclear RNA.

Statistical Analysis

The statistical analyses were performed us-
ing SPSS 19.0 software (SPSS Inc., Chicago, IL,
USA). The difference in serum and bone narrow
miR-4262 expression levels was determined by the
Mann-Whitney test. X°-test was used to analyze
the relationship between miR-4262 expression
levels and the clinicopathological characteristics.
Overall survival and relapse-free survival curves
were analyzed with the Kaplan-Meier method and
compared using the log-rank test. Multivariate
survival analysis was performed using the Cox
proportional hazards model. The factors selected
from univariate analysis. p<0.05 was considered
indicative of statistical significance.

Results

MiR-4262 was up-regulated in bone
marrow and serum of AML patients

To determine the expression levels of miR-
4262 in AML patients and normal controls, Re-

al-time PCR was performed. The results showed
that miR-4262 expression was significantly in-
creased in the bone narrow of AML patients
compared with the normal controls (p<0.01 Fig-
ure 1A). Similarly, the serum miR-4262 level
was significantly higher in AML patients when
compared with normal controls (p<0.01 Figure
IB). Those data revealed that miR-4262 may
play a positive regulator in AML.

miR-4262 was correlated
with the clinicopathological
features of AML

To investigate the association between miR-
4262 expression and clinicopathological param-
eters, the 186 blood samples were divided into
two subgroups (low and high expression group)
based on their miR-4262 expression. Table I
showed increased miR-4262 expression was
significantly associated with FAB classification
(p=0.001) and cytogenetic (p=0.001). However,
there were no significant associations between
miR-4262 expression and other clinical features
including age, gender, WBC, complete remis-
sion (all p>0.05).

Relationship between miR-4262
expression and survival outcomes
in AML patients

We further examined whether miR-4262 ex-
pression correlated with outcome in AML patients.
Results of the Kaplan-Meier survival analysis
showed that patients with high levels of serum miR-
4262 had a poorer overall survival rate than those
with low levels of miR-4262 (Figure 2, p<0.001).
Moreover, the high serum miR-4262 expression
group also exhibited a significantly lower 5-year
relapse-free survival than the low serum miR-4262
expression group (Figure 3, p<0.001).

Prognostic factors
determined by univariate
and multivariate
Cox regression analysis

Finally, univariate and multivariate analyses
were utilized to evaluate whether miR-4262 ex-
pression level was independent prognostic pa-
rameters of AML patient outcomes. Our results
showed that miR-4262 expression level, cytoge-
netic and FAB classification were independent
prognostic indicators for overall survival (p<0.05,
Table I1). These findings suggest that serum miR-
4262 expression is a biomarker of poor prognoses
in AML patients.
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Table I. Correlation of serum miR-4262 expression with clinicopathological features of AML.

Variable No. of cases miR-4262 expression P
Low (n %) High (n %)

Gender 0.351
Male 103 50 53
Female 83 46 37

Age 0.519
<55 116 62 54
>55 70 34 36

WBC 0.715
<10 54 29 25
>10 132 67 65

Blast in BM 0.493
<50% 75 41 34
>50% 111 55 56

FAB classification 0.001
M1-M6 146 85 61
M7 40 11 29

Complete remission 0.809
Y 112 57 55
N 74 39 35

Cytogenetics 0.001
Favorable 55 46 9
Intermediate 71 32 39
Unfavorable 60 18 42

Table Il. Univariate and multivariate Cox regression analyses for overall survival.

Variable Univariate analysis Multivariate analysis
HR (95% ClI) P P
Cytogenetics
Favorable/intermediate  2.147 (1.337-4.883) 0.007 1.896 (1.156-4.135) 0.011
vs. unfavorable
FAB classification 2.783 (1.547-5.592) 0.003 2.341 (1.138-4.882) 0.004
MI-M6 vs. M7
MiR-4262 expression  3.114 (1.611-6.873) 0.001 2.791 (1.355-5.421) 0.001
Low vs. High
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Figure 1. Over-expression of miR-4262 in AML patients as determined by RT-PCR.
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Figure 2. Kaplan-Meier curves of the overall survival of
186 AML patients. Patients with high levels of miR-4262
expression were correlated with a poor overall survival in
AML patients (p<0.001).

Discussion

Increasing evidence has shown that miRNAs
are involved in cancer development'*'. Recently,
many miRNAs from cancer tissues have been ob-
served to be dysregulated in various cancers'®".
However, MiRNAs are not only expressed in
cancer tissues but also in sera. More importantly,
circulating miRNAs are more stable in serum and
plasma compared with those in tissues'™. A pre-
vious study'” showed that miRNAs in blood may
originate from the damaged cells or circulating
cells, suggesting that circulating miRNAs may be
used as predictors for diagnosis and prognosis of
tumor patients. Indeed, several miRNAs such as
miR-215% and miR-34¢* have been reported to be
associated with poor clinical outcome in AML. In
the current study, we are looking forward to the
discovery of suitable circulating miRNAs for prog-
nosis of AML.

As a newly found miRNA, the effect of miR-
4262 has remained largely elusive. Previous stud-
ies showed that miR-4262 functions either as on-
cogenes or tumor suppressor genes depending on
various cancer types. For instance, Lu et al'? found
that miR-4262 expression was up-regulated in
HCC, and it enhances the proliferation of hepato-
cellular carcinoma cells by activating the NF-kB.
Zhang et al® showed that miR-4262 promoted the
proliferation of human cutaneous malignant mela-
noma cells by targeting KLF6. However, findings
by Song et al*? indicated the levels of miR-4262
were significantly decreased in osteosarcoma tis-
sues. Moreover, they proved that miR-4262 over-

Figure 3. Kaplan-Meier curves of the overall survival of
186 AML patients. Patients with high levels of miR-4262
expression were correlated with a poor relapse-free survival
in AML patients (p<0.001).

expression inhibited tumor progression via modu-
lation of osteopontin in osteosarcoma. The above
findings revealed that miR-4262 played an import-
ant role in the carcinogenesis process. However, to
our best knowledge, the role of plasma miR-4262
in AML during the carcinogenesis process of
AML has never been studied.

In the present study, we first found the expres-
sion of miR-4262 was significantly upregulated
in the bone narrow and serum of AML patients
and positively associated with FAB classification
and cytogenetic. Meanwhile, Kaplan-Meier sur-
vival analyses and log-rank tests further showed
that patients with high miR-4262 expression had
poorer overall survival time and relapse-free sur-
vival time than those with low miR-4262 expres-
sion, suggesting its potential prognostic value for
AML. Furthermore, according to multivariate
analysis, increased miR-4262 expression was an
independent poor prognostic factor for pancreatic
patients.

Conclusions

We provided compelling clinical evidence that
miR-4262 can be served as an independent prog-
nostic marker for survival in AML. Additional
investigation is required to confirm the findings
before the clinical application of miR-4262.

Conflict of interest
The authors declare no conflicts of interest.



G.-T. Han, Z.-L. Sun

References

1) Estev E, DoHNErR H. Acute myeloid leukaemia. Lan-
cet 2006; 368: 1894-1907.

2) Estey EH. Acute myeloid leukemia: 2013 update on
risk-stratification and management. Am J Hema-
tol 2013; 88: 318-327

3) Park MH, CHo SA, Yoo KH, Yang MH, Axn JY, Lee
HS, Lee KE, MuN YC, CHo DH, SeonGg CM, Park JH.
Gene expression profile related to prognosis of
acute myeloid leukemia. Oncol Rep 2007; 18:
1395-1402.

4) Rvan BM, RosLes Al, Harris CC. Genetic variation in
microRNA networks: the implications for cancer
research. Nat Rev Cancer 2010; 10: 389-402.

5) Xu LH, Guo Y, Cen JN, Yan WY, He HL, Niu YN,
Lin YX, CHENn CS, Hu SY. Overexpressed miR-155 is
associated with initial presentation and poor out-
come in Chinese pediatric acute myeloid leuke-
mia. Eur Rev Med Pharmacol Sci 2015; 19: 4841-
4850.

6) Croce CM. MicroRNA dysregulation in acute my-
eloid leukemia. J Clin Oncol 2013; 31: 2065-2066.

7) Farvap-Kazan H, Bimar N, NajarR M, Lewale P,
FaryaD-Kazan M, BADRAN R, HAMADE E, DAHER A, Hus-
seiN N, ELDIRANI R, BErrl F, VANHAMME L, BUrRNY A,
MaRrTIAT P, Rouas R, Babran B. Circulating miR-150
and miR-342 in plasma are novel potential bio-
markers for acute myeloid leukemia. J Transl Med
2013; 11: 31.

8) Caun GA, SevigNani C, Dumitru CD, Hysiop T, NocH
E, YENDAMURI S, SHIMizu M, RATTAN S, BuLLricH F, NEe-
GRINI M, Croce CM. Human microRNA genes are
frequently located at fragile sites and genomic re-
gions involved in cancers. Proc Natl Acad Sci U S
A 2004; 101: 2999-3004.

9) XiaoY, Su C, Deng T. miR-223 decreases cell prolif-
eration and enhances cell apoptosis in acute my-
eloid leukemia via targeting FBXW?7. Oncol Lett
2016; 12: 3531-3536.

10) SHARIFI M, SALEHI R, GHEIsARl'Y, Kazemi M. Inhibition of
microRNA miR-92a induces apoptosis and inhib-
its cell proliferation in human acute promyelocytic
leukemia through modulation of p63 expression.
Mol Biol Rep 2014; 41: 2799-2808.

11) OrcANISTA-NAVA J, GOMEZ-GOMEZ Y, ILLADES-AGUIAR
B, DeL CARMEN ALARCON-ROMERO L, SAAVEDRA-HERRERA
MV, RivERA-RAMIREZ AB, GARZON-BARRIENTOS VH, LEY-
va-VAzauez MA. High miR-24 expression is associ-

ated with risk of relapse and poor survival in acute
leukemia. Oncol Rep 2015; 33: 1639-1649.

12) Lu S, Wu J, Gao Y, Han G, Ding W, Huang X. Mi-
croRNA-4262 activates the NF-kB and enhances
the proliferation of hepatocellular carcinoma cells.
Int J Biol Macromol 2016; 86: 43-49.

13) ZnanGg D, Li Z, ZuanG Y, Tu C, Huo J, Liu Y. miR-
4262 promotes the proliferation of human cutane-
ous malignant melanoma cells through KLF6-me-
diated EGFR inactivation and p21 upregulation.
Oncol Rep 2016; 36: 3657-3663.

14) Caun GA, Croce CM. MicroRNA signatures in hu-
man cancers. Nat Rev Cancer 2006; 6: 857-866.

15) Xia M, Li H, WanG JJ, Zenc HJ, WanG SH. MiR-99a
suppress proliferation, migration and invasion
through regulating insulin-like growth factor 1 re-
ceptor in breast cancer. Eur Rev Med Pharmacol
Sci 2016; 20: 1755-1763.

16) CHen L, CHu F, Cao Y, SHAO J, WaNG F. Serum miR-
182 and miR-331-3p as diagnostic and prognostic
markers in patients with hepatocellular carcino-
ma. Tumour Biol 2015; 36: 7439-7447.

17) Kim SJ, KanG HS, Lee JH, Park JH, Jung CH, Bae
JH, OH BC, Sonag DK, Baex WK, Im SS. Melatonin
ameliorates ER stress-mediated hepatic steatosis
through miR-23a in the liver. Biochem Biophys
Res Commun 2015; 458: 462-469.

18) ALLeGrA A, Alonct A, CampPo S, PENNA G, PETRUNGA-
rRo A, Gerace D, Musouino C. Circulating microR-
NAs: new biomarkers in diagnosis, prognosis and
treatment of cancer (review). Int J Oncol 2012; 41:
1897-1912.

19) WittmanN J, JAck HM. Serum microRNAs as pow-
erful cancer biomarkers. Biochim Biophys Acta
2010; 1806: 200-207.

20) WaNG YX, ZHanG TJ, Yang DQ, Yao DM, Yane L,
ZHou JD, DenG ZQ, Ma JC, Guo H, Wen XM, LiN
J, Qian J. Reduced miR-215 expression predicts
poor prognosis in patients with acute myeloid leu-
kemia. Jpn J Clin Oncol 2016; 46: 350-356.

21) YanG DQ, Znou JD, WaNG YX, DenG ZQ, YANG J, Yao
DM, Qian Z, YAnG L, LiN J, Qian J. Low miR-34c
expression is associated with poor outcome in de
novo acute myeloid leukemia. Int J Lab Hematol
2017; 39: 42-50.

22) Song K, Liu N, YanG Y, Quu X. Regulation of osteo-
sarcoma cell invasion through osteopontin modi-
fication by miR-4262. Tumour Biol 2016; 37: 6493-
6499.



