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Abstract

Objective: Aberrant expression of miRNA (miR)-96 is associated with tumorigenesis and tumor progression in
several solid cancers. However, little is known about the expression and prognostic value of miR-96 in acute
myeloid leukemia (AML). Therefore, the aim of this study was to investigate the correlation of miR-96 expression
with clinicopathological features and prognosis of AML.

Methods: Real-time quantitative RT-PCR assay was performed to evaluate the expression levels of miR-96 in
mononuclear cells from bone marrow or peripheral blood specimens in 86 patients with newly diagnosed AML.

Results: Compared with normal controls, miR-96 expression was significantly downregulated in patients with newly
diagnosed AML (P < 0.001). In analysis of 14 diagnosis/CR-paired samples, the expression level of miR-96 was found
markedly elevated in patients after treatment than before (P < 0.001). Moreover, lower levels of miR-96 were
associated with a higher white blood cell count, bone marrow blast count (P < 0.001 and 0.022, respectively), and
lower hemoglobin and platelet count (P = 0.036 and 0.033, respectively). Although the low-expression group
seemed to have a lower CR rate (53.85% vs 70.0%), there was no significant difference between the two groups
(P = 0.213). The low-expression group had a lower relapse-free survival (RFS) (P = 0.038) and overall survival (OS)
(P = 0.022) compared with the high-expression group during a median follow-up of 20 months.

Conclusion: Our data demonstrated that the expression of miR-96 was downregulated in newly diagnosed AML
patients and associated with leukemic burden, as well as RFS and OS. This suggests that miR-96 detection might
become a potential biomarker of prognosis and monitoring in AML.

Virtual slides: The virtual slide(s) for this article can be found here: http://www.diagnosticpathology.diagnomx.eu/
vs/1434808553949498
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Introduction
Acute myeloid leukemia (AML) is a heterogeneous malig-
nancy characterized by differentiation arrest and malignant
proliferation of clonal myeloid precursors. Despite the
fact that the majority of AML patients achieve complete
remission (CR) after chemotherapy, only ~20% of patients
achieve relatively long-term disease-free survival. Most
of them die of either refractory or relapsed AML [1].
Karyotypes, many known valuable fusion genes in AML,
and aberrant expression of several molecules, such as
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mutations in FLT3, C-Kit, NPM1, WT1, and CEBPA genes,
are involved in diagnoses and prognosis of patients with
AML. However, it is difficult to evaluate the survival and
prognosis for most AML patients who lack characteristic
cytogenetic or molecular changes. Thus, there is a need to
find more valuable biomarkers to improve our understand-
ing of the biology of leukemia. Recently, it was reported
that variable miRNA expression signatures are also involved
in the heterogeneity of AML [2-4].
miRNAs are a class of small noncoding single-strand

RNA molecules that negatively regulate gene expression at
the post-transcriptional level by binding to 3′-untranslated
regions of their target mRNAs [5]. Increasing evidence
supports a pivotal role for miRNAs in the multiple pro-
cesses of carcinogenesis, including cell growth, apoptosis,
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differentiation, invasion, and tumor angiogenesis [6-10].
Recently, several studies indicated that expression of
miRNAs is associated with patient survival, and they
can function as prognostic and predictive indicators
[11-14]. Moreover, it has been found that miRNA ex-
pression profiles are more accurate to classify tumors
than mRNA profiles are [15], indicating that miRNAs
could be used as molecular biomarkers for diagnosis of
cancer and prediction of prognosis.
Several recent studies have demonstrated that the ab-

errant expression of miRNA (miR)-96 is associated with
tumorigenesis and tumor progression in several types of
cancer, including prostate cancer, urothelial carcinoma,
bladder carcinoma, hepatoma, and breast cancer [16-20].
Little is known about the expression of miR-96 in AML,
except for one study which used a microarray platform
to scan for an miRNA signature [2]. However, no clinical
correlation with miR-96 was further investigated. Thus,
the aim of the present study was to investigate the cor-
relation of miR-96 expression with clinicopathological
features and prognosis of AML.

Materials and methods
Patients and tissue samples
From July 2010 to August 2012, 86 patients were diagnosed
with de novo AML (non-M3) according to the French–
American–British (FAB) criteria at Zhongshan Hospital of
Xiamen University, China. The study was approved by the
local ethics committee of Zhongshan Hospital of Xiamen
University and informed consent was obtained from each
patient or a family member. There were 42 male and 44
female patients, with a medium age of 46 (range 11–75)
years. The median leukocyte count at diagnosis was
54,429/μL (range 710–315,000/μL). According to the
FAB classification, three patients had AML M1, 32 had
M2, 13 had M4, 34 had M5, three had M6, and one had
M7. Sixty-five patients were subjected to cytogenetic classi-
fication according to karyotyping and detection of 16 types
of common fusion genes, including AML1/ETO, PML/
RARa, CBFβ/MYH11, MLL/AF10 and DEK/CAN and four
types of mutations, namely, FLT3/ITD, NPM1, CEBPA and
C-KIT. Clinical characteristics of the patients with AML
are summarized in Table 1. Seventy-two patients received
chemotherapy and were treated with standard cytarabine
plus daunorubicin 7 + 3 induction chemotherapy. CR was
defined by the criteria proposed by Cheson et al. [21]. Pa-
tients who achieved CR were then given high- or medium-
dose cytarabine-based chemotherapy for consolidation
according to their physical condition. Those who did not
achieve CR were treated with medium-dose cytarabine-
based chemotherapy. Forty-two patients with CR were
followed up for a median 20 months (range 12–39 months).
None of patients in CR had undergone stem cell transplant-
ation until the end of follow-up because of the absence of
suitable donors, poor condition, or other reasons. The
data were censored when the patients relapsed or died.
Bone marrow (BM) or peripheral blood (PB) specimens
(peripheral white blood cells >50 × 109) were obtained
from patients at the time of their diagnosis, and from
14 patients in CR after two cycles of chemotherapy,
after receiving informed consent. Five PB specimens
from healthy donors for allogeneic hematopoietic stem
cell transplantation were obtained as healthy controls,
with informed consent.

RNA extraction
Mononuclear cells from blood or BM specimens were iso-
lated by Ficoll gradient (lymphoprep d = 1.077; Axis-Shield,
Oslo, Norway) centrifugation for 20 min at 560 g at room
temperature, and then washed and pelleted. Additionally,
PB CD34+ cells from five healthy donors were enriched
with immunomagnetic methods (Miltenyi Biotec, Bergisch-
Gladbach, Germany; purity >90%). Total RNA was isolated
using RNAprep Pure Blood Kit (Tiangen Biotech, Beijing,
China), according to the manufacturer’s instructions,
followed by treatment with RNase-free DNase I to remove
contaminating genomic DNA. Finally, RNA was dissolved
in RNase-free water. The RNA concentration was quanti-
fied by NanoDrop ND-1000 (Nanodrop, Wilmington, DE,
USA) and stored at −80°C until use.

RT-PCR
miR-96 and U6 snRNA-specific cDNA was formed using
the Gene Amp System 9700 (Applied Biosystems, Foster
City, CA, USA). U6 snRNA was used as an internal control.
Reverse transcriptase primers for miR-96 and U6 were 5′-
GTCGTATCCAGTGCGTGTCGTGGAGTCGGCAATTG
CACTGGATACGACAGCAAAA-3′ and 5′-CGCTTCAC
GAATTTGCGTGTCAT-3′. Reverse transcription condi-
tions contained 800 ng total RNA, 0.3 μl stem-loop RT pri-
mer (1 μM), 2 μl 10× RT buffer, 2 μl dNTP (2.5 mM each),
0.2 μl Moloney murine leukemia virus reverse transcript-
ase (Sangon, Beijing, China), and 0.3 μl RNase inhibitor
(40 U/μl). The 20-μl reaction volumes were incubated at
16°C for 30 min, 42°C for 40 min, 85°C for 5 min, and
then held at 4°C or stored at −20°C.

Quantitative real-time PCR
The 10-μl PCR mixture included 2 μl cDNA, 5 μl 2× Master
Mix (SuperArray Bioscience, Frederick, MD, USA), 0.5 μl
primer-F (10 μM), 0.5 μl primer-R (10 μM), and 2 μl
nuclease-free water. Forward and reverse primers for
U6 (89 bp) were 5′-GCTTCGGCAGCACATATACTA
AAAT-3′ and 5′-CGCTTCACGAATTTG-CGTGTCAT-3′.
Primers for hsa-hsa-miR-96 (66 bp) were GSP: 5′-GGT
TTGGCACTAGCACAT-3′; R: 5′-CAGTGCGTGTCGTG
GAGT-3′. Real-time PCR was performed on an ABI
PRISM7900 system (Applied Biosystems) with the following



Table 1 Clinical characteristics of 86 patients with newly diagnosed AML and expression of miR-96

Characteristics Cases miRc96 expression level x2 p

Low expression High expression

Sex Male 42 28 14 0.374 0.541

Female 44 32 12

Age <60 64 46 18 0.527 0.468

≥60 22 14 8

WBC <10 26 11 15 13.323 0.000*

≥10 60 49 11

HGB <80 54 42 12 4.415 0.036*

≥80 32 18 14

PLT <50 48 38 10 4.550 0.033*

≥50 38 22 16

Blast in BM <50% 37 21 16 5.212 0.022*

≥50% 49 39 10

FAB subtype M1/M2 35 25 10 0.791 0.673

M4/M5 47 33 14

Other 4 2 2

Cytogenitics Favorable 12 7 5 0.516 0.776

Intermediate 39 26 13

Unfavorable 14 10 4

Complete Remission Y 42 28 14 1.551 0.213

N 30 24 6

*P<0.05.
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cycling conditions: 95°C for 10 min, followed by 40 cy-
cles of 95°C for 10 s and 60°C for 1 min. The cycle
threshold was automatically given by SDS 2.4 software
(Applied Biosystems) and was defined as the fractional
cycle number at which the fluorescence passed the
fixed threshold of 0.15. The relative expression levels
of miRNAs were calculated using the comparative ΔΔCt
method as described previously [22]. The fold changes in
miRNAs were calculated using the 2(-Delta Delta C(T))
method [23]. All experiments were performed at least
in triplicate.

Statistical analysis
SPSS version 13.0 (IBM, Armonk, NY, USA) were used
for statistical analysis. The Kruskal–Wallis nonparametric
test was used to evaluate the significant difference of
expression of miR-96 between the AML patients and
NC. The t test was used to evaluate the difference of
expression of miR-96 before and after chemotherapy.
With regard to the correlation of leukemia clinical fea-
tures with the expression level of miRNA-96, inter-
group comparisons were performed using the χ2 test.
Kaplan–Meier survival curves were used to determine
any significant relationship between the expression
level of miRNA-96 and the status of the patients with
respect to relapse-free survival (RFS) and overall sur-
vival (OS). RFS was defined as the time between the
achievement of complete remission and the time of the
hematological relapse or the last follow-up. OS was de-
fined as the time between the moment of diagnosis and
death or the last follow-up. Differences were considered
statistically significant when P was <0.05.

Results
Expression of miR-96 in AML patients
miR-96 expression was detected in BM/PB samples from
patients with AML and normal controls. Expression of
miRNA-96 was normalized with U6, and the values
obtained were compared. Consequently, the relative
abundances of miR-96 were significantly downregulated
in AML patients (mean expression value 19.26, n = 86)
compared with those of healthy controls (mean expression
value 195.43, n = 5), which was a significant difference
(Figure 1, P < 0.001). AML patients expressing miR-96 at
levels less than the median (19.26) were assigned to the
low-expression group (mean expression value 4.34, n = 60),
and those samples with expression equal to or above the
median value were assigned to the high-expression group
(mean expression value 52.06, n = 26). Moreover, 14 AML
patients who achieved CR after one or two cycles of



Figure 1 Real-time PCR quantification of miR-96 expression in
newly diagnosed AML patients and healthy controls. miR-96
expression was significantly downregulated in AML patients when
diagnosed (mean value 19.26) compared with those of healthy
controls (mean value 195.43) (P < 0.001). U6 served as an internal
normalized reference for miR-96. All experiments were performed at
least in triplicate.
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chemotherapy were monitored for miR-96 during the
course of treatment. The mean expression value of
these AML patients when diagnosed was 23.70 and
markedly increased to 213.64 when CR was achieved
after chemotherapy (Figure 2, P < 0.001).

Correlation of miR-96 expression with clinical characteristics
of AML
The correlation of miR-96 expression with clinical char-
acteristics at time of diagnosis is summarized in Table 1.
Lower levels of miR-96 were associated with a higher
white blood cell count, BM blast count (P < 0.001 and
0.022, respectively), and lower hemoglobin and platelet
Figure 2 Comparison of miR-96 expression before and after CR
in 14 AML patients. miR-96 level significantly increased after
treatment (mean value 213.64) compared with before treatment
(mean value 23.70, P < 0.001).
count (P = 0.036 and 0.033, respectively). Moreover, we
failed to correlate the expression levels of miR-96 with
other clinical parameters including sex (P = 0.541), age
(P = 0.468), FAB subtype (P = 0.673) and cytogenetic
abnormalities (P = 0.776).

Association of miR-96 expression with clinical outcomes
of AML
Seventy-two newly diagnosed patients received chemother-
apy. The CR rate after two cycles of chemotherapy was
53.85% (28/52) in the low-expression group, compared with
70.0% (14/20) in the high-expression group. Although it
seemed that the low-expression group had a lower CR rate,
there was no significant difference between the two groups.
Forty-two CR patients were followed up for a median
duration of 20 months (range 12–39 months). The low-
expression group had a shorter RFS (P = 0.038) and OS
(P = 0.022). The Kaplan–Meier curves for PFS and OS
stratified according to miR-96 expression in BM from
AML patients in CR are shown in Figure 3.

Discussion
Although more recurrent chromosomes, and even chro-
matin texture features [24], are relevant to AML, it is still
not adequate for diagnosis and prognosis classification in
most AML patients. Nowadays, considerable progress has
been made in identifying, characterizing, and applying
new molecular markers [25-27], including miRNAs. It is
estimated that miRNAs may regulate up to one-third of
the human genome. Thus they represent novel biological
entities with potential value as tumor biomarkers, which
can improve diagnosis, prognosis, and monitoring of treat-
ment response for human cancers [14,28].
miR-96, together with miR-182 and miR-183, belongs to

the miR-183-96-182 cluster, which has been demonstrated
to play important roles in tumorigenesis and tumor pro-
gression [29-31]. Among these numbers, miR-96 may act
as either an oncogenic miR-96 or play an antioncogenic
role in many human malignancies. Several recent studies
have demonstrated that aberrant expression of miR-96
is associated with tumorigenesis, tumor progression, and
chemotherapy response in several types of cancer, includ-
ing urothelial carcinoma, bladder carcinoma, hepatoma,
glioma and breast cancer [17-20,30,32]. Overexpression of
miR-96 has been observed in various types of cancer. In
HepG2 hepatoma [19] and breast cancer [20] cells, overex-
pression of miR-96 induces cell proliferation and growth.
Upregulation of miR-96 in breast cancer cells modulates
their entry into the G1/S transitional phase, which is caused
by downregulation of cyclin-dependent kinase (CDK)
inhibitors, p27(Kip1) and p21(Cip1), and upregulation of
the cell-cycle regulator cyclin D1 [20]. Moreover, miR-96
promotes the migration and invasion of hepatocellular
carcinoma (HCCLM6) cells in vitro [32]. By contrast,



Figure 3 Kaplan–Meier curves for RFS and OS stratified according to miR-96 expression in BM/PB samples from 42 AML patients in CR.
RFS(Figure 3A) and OS(Figure 3B) in patients with low miR-96 expression was significantly lower than that in those with high miR-96 expression
(P < 0.05). The P-value was calculated using the log-rank test.
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accumulating studies have demonstrated that tumor-
suppressive roles of miR-96 are found in other types of
cancer. miR-96 levels are markedly decreased in pan-
creatic cancer [33]. In vitro and in vivo assays have
established that miR-96 decreases cancer cell invasion
and migration and slows tumor growth in a manner
associated with KRAS gene downregulation. In ALK-
expressing cancer cell lines and primary human tumors,
transfection with miR-96 decreases levels of the different
forms of ALK protein, and decreases the phosphorylation
of ALK target proteins, resulting in reduced proliferation,
colony formation, and migration [34]. However, the status
of miR-96 expression and its prognostic roles are unclear
in AML.
In this study, we detected the expression of miR-96 in

BM from 86 patients with newly diagnosed AML, and
showed that the relative expression level of miR-96 in
AML was significantly lower than that in normal con-
trols, which is consistent with the study of Garzon [2].
In that study, miR-96 was identified as one of 26 down-
regulated miRNAs in newly diagnosed AML, compared
with mononuclear cells obtained from healthy donors.
Then, we found that the level of miR-96 differed among
the 14 diagnosis/CR-paired samples. The expression of
miR-96 significantly increased after chemotherapy when
patients achieved CR, suggesting that expression of miR-96
is consistent with tumor burden, and expression of miR-96
can be used as a prognostic marker of relapse. We analyzed
the clinicopathological features of miR-96 in AML. Our re-
sults indicated that downregulation of miR-96 in AML was
associated with a higher white blood cell count and bone
marrow blast count, and lower hemoglobin and platelet
count, which represented more aggressive clinical features
and also related to a larger tumor burden. Finally, we
analyzed the correlation of miR-96 expression with
prognosis of AML patients, and found that patients
with low miR-96 expression showed worse RFS and OS
than those with high miR-96 expression, which implies
that expression of miR-96 has an important value in AML
prognosis classification.

Conclusion
The results of our study indicate that expression of miR-96
was downregulated in patients with newly diagnosed AML
and associated with leukemic burden, as well as RFS and
OS. To the best of our knowledge, this is the first study to
demonstrate that miR-96 was strongly correlated with the
aggressive clinical features and poorer prognosis of AML,
suggesting that miR-96 is a potential marker for risk stratifi-
cation in the treatment of AML. However, there are many
problems to be further investigated. For example, what
is the mechanism by which miR-96 is downregulated in
AML? Are there any correlations between the expression of
miR-96 and some known prognosis factors, such as FLT3/
ITD and NPM1 mutation? What is the prognostic value
of miR-96 in the normal karyotype AML population when
the population is further enlarged? This study is hypoth-
esis generating, and further prospective analysis should be
worth doing.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
JNZ, QL and YC designed the study. JNZ carried out the experiments and
drafted the manuscript; JFZ and JF participated in the experiments and data
analysis. All authors read and approved the final manuscript.



Zhao et al. Diagnostic Pathology 2014, 9:76 Page 6 of 6
http://www.diagnosticpathology.org/content/9/1/76
Acknowledgments
We would like to thank Dr Jin-zong Lin, Dr Yan-hong Zhuang, Dr Wang-Zhao
and Dr Jiasheng Hu for providing blood and BM samples and medical care of
patients at Zhongshan Hospital of Xiamen University.

Author details
1Department of Hematology, the First Affiliated Hospital of Sun Yat-Sen
University, 510080 Guangzhou, Guangdong, China. 2Department of
Hematology, Zhongshan Hospital of Xiamen University, 361004 Xiamen,
Fujian, China. 3Department of Pathology, the First Affiliated Hospital of
Sun Yat-Sen University, 510080 Guangzhou, Guangdong, China.
4Department of Nosocomial Infection Control Department, Zhongshan
Hospital of Xiamen University, 361004 Xiamen, Fujian, China.

Received: 28 January 2014 Accepted: 18 March 2014
Published: 29 March 2014

References
1. Tallman MS, Gilliland DG, Rowe JM: Drug therapy for acute myeloid

leukemia. Blood 2005, 106:1154–1163.
2. Garzon R, Volinia S, Liu CG, Fernandez-Cymering C, Palumbo T, Pichiorri F,

Fabbri M, Coombes K, Alder H, Nakamura T, Flomenberg N, Marcucci G,
Calin GA, Kornbalu SM, Kantarjian H, Bloomfield CD, Andreeff M, Croce CM:
MicroRNA signatures associated with cytogenetics and prognosis in
acute myeloid leukemia. Blood 2008, 111:3183–3189.

3. Jongen-Lavrencic M, Sun SM, Dijkstra MK, Valk PJ, Lowenberg B: MicroRNA
expression profiling in relation to the genetic heterogeneity of acute
myeloid leukemia. Blood 2008, 111:5078–5085.

4. Dixon-McIver A, East P, Mein CA, Cazier JB, Molloy G, Chaplin T, Andrew
Lister T, Young BD, Debernardi S: Distinctive patterns of microRNA
expression associated with karyotype in acute myeloid leukaemia.
PLoS One 2008, 3:e2141.

5. Bartel DP: MicroRNAs: genomics, biogenesis, mechanism, and function.
Cell 2004, 116:281–297.

6. Chen T: The role of MicroRNA in chemical carcinogenesis. J Environ Sci
Health C Environ Carcinog Ecotoxicol Rev 2010, 28:89–124.

7. Ufkin ML, Peterson S, Yang X, Driscoll H, Duarte C, Sathyanarayana P: miR-
125a regulates cell cycle, proliferation, and apoptosis by targeting the
ErbB pathway in acute myeloid leukemia. Leuk Res 2014, 38:402–410.

8. Wang XS, Gong JN, Yu J, Wang F, Zhang XH, Yin XL, Tan ZQ, Luo ZM, Yang
GH, Shen C, Zhang JW: MicroRNA-29a and microRNA-142-3p are regulators
of myeloid differentiation and acute myeloid leukemia. Blood 2012,
119:4992–5004.

9. Zhu J, Feng Y, Ke Z, Yang Z, Zhou J, Huang X, Wang L: Down-regulation of
miR-183 promotes migration and invasion of osteosarcoma by targeting
Ezrin. Am J Pathol 2012, 180:2440–2451.

10. He T, Qi F, Jia L, Wang S, Song N, Guo L, Fu Y, Luo Y: MicroRNA-542-3p
inhibits tumor angiogenesis by targeting Angiopoietin2. J Pathol 2014:
[Epub ahead of print].

11. Wang W, Li F, Zhang Y, Tu Y, Yang Q, Gao X: Reduced expression of
miR-22 in gastric cancer is related to clinicopathologic characteristics or
patient prognosis. Diagn Pathol 2013, 8:102.

12. Marcucci G, Maharry K, Radmacher MD, Mrozek K, Vukosavljevic T, Paschka
P, Whitman SP, Langer C, Baldus CD, Liu CG, Ruppert AS, Powell BL, Carroll
AJ, Caliqiuri MA, Kolitz JE, Larson RA, Bloomfield CD: Prognostic
significance of, and gene and microRNA expression signatures
associated with, CEBPA mutations in cytogenetically normal acute
myeloid leukemia with high-risk molecular features: a cancer and
leukemia group B study. J Clin Oncol 2008, 26:5078–5087.

13. Li G, Zhang Z, Tu Y, Jin T, Liang H, Cui G, He S, Gao G: Correlation of
microRNA-372 upregulation with poor prognosis in human glioma.
Diagn Pathol 2013, 8:1.

14. Schaefer A, Jung M, Mollenkopf HJ, Wagner I, Stephan C, Jentzmik F, Miller K,
Lein M, Kristiansen G, Jung K: Diagnostic and prognostic implications of
microRNA profiling in prostate carcinoma. Int J Cancer 2010, 126:1166–1176.

15. Lu J, Getz G, Miska EA, Alvarez-Saavedra E, Lamb J, Peck D, Sweet-Cordero A, Ebert
BL, Mak RH, Ferrando AA, Downing JR, Jacks T, Horvitz HR, Golub TR: MicroRNA
expression profiles classify human cancers. Nature 2005, 435:834–838.

16. Haflidadóttir BS, Larne O, Martin M, Persson M, Edsjö A, Bjartell A, Ceder Y:
Upregulation of miR-96 enhances cellular proliferation of prostate cancer
cells through FOXO1. PLoS One 2013, 8:e72400.
17. Yamada Y, Enokida H, Kojima S, Kawakami K, Chiyomaru T, Tatarano S,
Yoshino H, Kawahara K, Nishiyama K, Seki N, Nakagawa M: MiR-96 and
miR-183 detection in urine serve as potential tumor markers of urothelial
carcinoma: correlation with stage and grade, and comparison with
urinary cytology. Cancer Sci 2011, 102:522–529.

18. Wang Y, Luo H, Li Y, Chen T, Wu S: Yang L: hsa-miR-96 up-regulates
MAP4K1 and IRS1 and may function as a promising diagnostic marker in
human bladder urothelial carcinomas. Mol Med Rep 2012, 5:260–265.

19. Xu D, He X, Chang Y, Xu C, Jiang X, Sun S, Lin J: Inhibition of miR-96
expression reduces cell proliferation and clonogenicity of HepG2 hepatoma
cells. Oncol Rep 2013, 29:653–661.

20. Lin H, Dai T, Xiong H, Zhao X, Chen X, Yu C, Li J, Wang X, Song L:
Unregulated miR-96 induces cell proliferation in human breast cancer by
downregulating transcriptional factor FOXO3a. PLoS One 2010, 5:e15797.

21. Cheson BD, Bennett JM, Kopecky KJ, Buchner T, Willman CL, Estey EH,
Schiffer CA, Doehner H, Tallman MS, Lister TA, Lo-Coco F, Willemze R, Biondi
A, Hiddemann W, Larson RA, Lowenberg B, Sanz MA, Head DR, Ohno R,
Bloomfield CD: Revised recommendations of the international working
group for diagnosis, standardization of response criteria, treatment outcomes,
and reporting standards for therapeutic trials in acute myeloid leukemia.
J Clin Oncol 2003, 21:4642–4649.

22. Schmittgen TD, Livak KJ: Analyzing real-time PCR data by the comparative
C(T) method. Nat Protoc 2008, 3:1101–1108.

23. Livak KJ, Schmittgen TD: Analysis of relative gene expression data using
real-time quantitative PCR and the 2(−Delta Delta C(T)) Method.
Methods 2001, 25:402–408.

24. De Mello MR1, Albuquerque DM, Pereira-Cunha FG, Albanez KB, Pagnano KB,
Costa FF, Metze K, Lorand-Metze I: Molecular characteristics and chromatin
texture features in acute promyelocytic leukemia. Diagn Pathol 2012, 7:75.

25. Masetti R, Togni M, Astolfi A, Pigazzi M, Manara E, Indio V, Rizzari C, Rutella S,
Basso G, Pession A, Locatelli F: DHH-RHEBL1 fusion transcript: a novel recurrent
feature in the new landscape of pediatric CBFA2T3-GLIS2-positive acute
myeloid leukemia. Oncotarget 2013, 4:1712–1720.

26. Masetti R, Pigazzi M, Togni M, Astolfi A, Indio V, Manara E, Casadio R,
Pession A, Basso G, Locatelli F: CBFA2T3-GLIS2 fusion transcript is a novel
common feature in pediatric, cytogenetically normal AML, not restricted
to FAB M7 subtype. Blood 2013, 121:3469–3472.

27. Kralik JM1, Kranewitter W, Boesmueller H, Marschon R, Tschurtschenthaler G,
Rumpold H, Wiesinger K, Erdel M, Petzer AL, Webersinke G:
Characterization of a newly identified ETV6-NTRK3 fusion transcript in
acute myeloid leukemia. Diagn Pathol 2011, 6:19.

28. Sánchez‐Espiridión B, Martín‐Moreno AM, Montalbán C, Figueroa V, Vega F,
Younes A, Medeiros LJ, Alvés FJ, Canales M, Estévez M: MicroRNA
signatures and treatment response in patients with advanced classical
Hodgkin lymphoma. Br J Haematol 2013, 162:336–347.

29. Mihelich BL, Khramtsova EA, Arva N, Vaishnav A, Johnson DN, Giangreco AA,
Martens-Uzunova E, Bagasra O, Kajdacsy-Balla A, Nonn L: miR-183-96-182
cluster is overexpressed in prostate tissue and regulates zinc homeostasis
in prostate cells. J Biol Chem 2011, 286:44503–44511.

30. Tang H, Bian Y, Tu C, Wang Z, Yu Z, Liu Q, Xu G, Wu M, Li G: The miR-183/
96/182 cluster regulates oxidative apoptosis and sensitizes cells to
chemotherapy in gliomas. Curr Cancer Drug Targets 2013, 13:221–231.

31. Weeraratne SD, Amani V, Teider N, Pierre-Francois J, Winter D, Kye MJ,
Sengupta S, Archer T, Remke M, Bai AH, Warren P, Pfister SM, Steen JA,
Pomeroy SL, Cho YJ: Pleiotropic effects of miR-183 96 182 converge to
regulate cell survival, proliferation and migration in medulloblastoma.
Acta Neuropathol 2012, 123:539–552.

32. Chen RX, Xia YH, Xue TC, Ye SL: Suppression of microRNA-96 expression
inhibits the invasion of hepatocellular carcinoma cells. Mol Med Rep 2012,
5:800–804.

33. Yu S, Lu Z, Liu C, Meng Y, Ma Y, Zhao W, Liu J, Yu J, Chen J: miRNA-96
suppresses KRAS and functions as a tumor suppressor gene in
pancreatic cancer. Cancer Res 2010, 70:6015–6025.

34. Vishwamitra D, Li Y, Wilson D, Manshouri R, Curry CV, Shi B, Tang XM,
Sheehan AM, Wistuba II, Shi P, Amin HM:MicroRNA 96 is a post-transcriptional
suppressor of anaplastic lymphoma kinase expression. Am J Pathol 2012,
180:1772–1780.1.

doi:10.1186/1746-1596-9-76
Cite this article as: Zhao et al.: Prognostic value of miR-96 in patients
with acute myeloid leukemia. Diagnostic Pathology 2014 9:76.


	Abstract
	Objective
	Methods
	Results
	Conclusion
	Virtual slides

	Introduction
	Materials and methods
	Patients and tissue samples
	RNA extraction
	RT-PCR
	Quantitative real-time PCR
	Statistical analysis

	Results
	Expression of miR-96 in AML patients
	Correlation of miR-96 expression with clinical characteristics of AML
	Association of miR-96 expression with clinical outcomes of AML

	Discussion
	Conclusion
	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


