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Abstract. - OBJECTIVE: To dissect the func-
tioning mode of miR-30c on giant cell tumor of
bone cell metastasis and growth and provide
therapeutic targets for giant cell tumor of bone.

PATIENTS AND METHODS: By quantitative
Real-time polymerase chain reaction (QRT-PCR),
miR-30c expression level in 62 pairs of giant
cell tumor of bone cells tissue samples and five
breast cancer-derived cell lines. Using miR-30c
mimics and inhibitors, we analyzed the effects of
miR-30c over-expression and knockdown on cell
proliferation, invasion, and migration. Dual-lucif-
erase activity assay was recruited to examine the
potential target gene HOXA1, which predicted by
several databases. Protein level was studied us-
ing Western blot.

RESULTS: MiR-30c expressed significantly
lower in giant cell tumor of bone tissue samples
and cell lines. Over-expression miR-30c in giant
cell tumor of bone cells decreased the cell pro-
liferation, invasion, and migration abilities while
down-regulation miR-30c in giant cell tumor of
bone cells increased these abilities opposite-
ly. Dual-luciferase and Western blot confirmed
HOXA1 as a target gene of miR-30c. Further-
more, up-regulation of HOXA1 reserved the sup-
pressive effect of miR-30c over-expression on
cell growth and progression.

CONCLUSIONS: miR-30c could suppress giant
cell tumor of bone cell proliferation and progres-
sion via HOXA1, which might provide a new target
for giant cell tumor of bone diagnosis and therapy.
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Introduction

Giant cell tumor of bone (GCT) is one of the
most common primary invasive bone tumors in
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China, accounting for about 6% of all bone tu-
mors, and is common in people aged 20-40 ye-
ars'?. Giant cell tumors of the bone occur in the
metaphysis of the long bones of the limbs, and are
rare in the sacrum, pelvis, and spine’. Giant cell
tumor of bone often shows strong local invasion,
while osteolytic bone destruction is typical of its
clinical features*. Osteolytic bone destruction can
lead to severe bone pain and pathological fractu-
res, and seriously affect the quality of life of pa-
tients>¢. Giant cell tumor of bone is insensitive
to radiotherapy and chemotherapy, and surgical
resection is the most important treatment’. With
the rapid development of surgical techniques, the
overall resection of giant cell tumor of bone is wi-
dely used in clinical practice, but the recurrence
rate of giant cell tumor of bone has not been high,
reaching 22.4-41.7%?®. Giant cell tumor is defined
as borderline or malignant primary bone tumor
given its local invasive growth and postoperative
recurrence rate’. Osteolytic bone destruction and
abnormal proliferation are the most typical pa-
thological features of giant cell tumor of bone, as
well as the important reason for affecting the qua-
lity of life and the overall survival time of patients
with giant cell tumor, but the specific pathogene-
sis is not clear.

MicroRNA (miRNA) is a class of non-coding
RNA with an average length of 22 nucleotides.
It is widespread in vivo and participates in a se-
ries of physiological and pathological proces-
ses in vivo'®. MicroRNA works by binding to a
non-coding region (3‘-UTR) of a specific target
gene mRNA 3’ and inhibiting or directly cut-
ting off the target mRNA translation process'’.
Bioinformatics analysis of the human genome
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library shows that more than 1/3 of human ge-
nes can be regulated by microRNA!?, At present,
the role of microRNA in tumorigenesis has be-
come the focus of basic research at home and
abroad, but its specific role in giant cell tumor of
bone has not been described yet!'’. MiR-30c¢ was
showed to act as a tumor suppressor in several
cancers via targeting different genes; for instan-
ce, in prostate cancer, miR-30 cinhibited survi-
val by regulating ASF/SF2'. In gastric cancer,
it decreased cell proliferation, metastasis and
epithelial to mesenchymal transition (EMT)
targeting MTA1"°, and miR-30c decreased non-
small cell cancer cell proliferation via targeting
Rab18'%. However, whether miR-30c was abnor-
mally expressed in GCT and how it affects GCT
still remains unclear.

In our study, to reveal the relationship between
miR-30c and GCT, we first evaluated the miR-30c
expression level of 62 pairs of GCT and adjacent
normal tissues as well as in 5 cell lines. We found
miR-30c expressed lower in GCT tissue samples
and cells. Then, by up-regulation and down-re-
gulation of miR-30c, we observed that miR-30c
could decrease cell proliferation, invasion and mi-
gration in GCT. Furthermore, HOXA1 was iden-
tified to be a potential target for miR-30c using
dual-luciferase assay and Western blot. The resto-
ration of HOXAT1 could impair tumor suppression
role of miR-30c. Taken all together, our study
could provide miR-30c as a novel target for GCT
therapy in the future.

Patients and Methods

Tissue Samples and Cell Lines

All 62 pairs of GCT and adjacent normal tissue
samples were collected from the First Hospital of
Harbin City and all the patients had not received
any chemotherapy before surgery. All recruited
patients signed the informed consents and the stu-
dy was approved by the medical Ethics Commit-
tee of the First Hospital of Harbin City. The tissue
samples were conserved in liquid nitrogen befo-
re next experiments. The clinical features were
collected according to the standard of the Ameri-
can Joint Committee on Cancer (AJCC). Human
giant-cell tumor of bone cell lines (GCT cells)
was purchased from the Cell Bank of Chinese
Academy of Sciences. GCT cells were cultured
in Dulbecco modified Eagle medium (DMEM)
(Sigma-Aldrich, St. Louis, MO, USA) containing
10% fetal bovine serum (FBS) (Gibco) (Carlsbad,

CA, USA), and were maintained at temperature of
37°C with 5% CO, in the humid air.

Cells Transfection

The miR-30c mimics and inhibitors were provi-
ded by Genepharma (Shanghai, China). GCT cells
were planted into six-well plate and culture to densi-
ty of 60-70%, then, incubated with miR-30c mimics,
miR-30c inhibitors or relative negative control in se-
rum-free DMEM containing lipofectamine 3000 for
48 h according to the specifications. The transfection
efficiency was measured by gqRT-PCR.

The plasmid pcDNA3.1-HOXAT1 was synthe-
sized by Genepharma (Shanghai, China). Cells
were cultured for 24 h in six-well plate, and then
incubated with pcDNA3.1- HOXA1 mixed with
lipofectamine 3000 in serum-free DMEM. After
maintained 48 h in normal culture atmosphere, the
expression of HOXA1 was confirmed.

RNA Extraction and Quantitative
Real-time PCR

Total RNA of tissue samples and cells were iso-
lated by using TRIzol reagent (Invitrogen, Carl-
sbad, CA, USA) and reversed using a miRNA Re-
verse Kit (TaKaRa, Dalian, China). The miR-30c
expression level was detected using SYBR Pre-
mix kits (TaKaRa, Dalian, China) with ABI Step
One (ABI, Vernon, CA, USA) and U6 was used as
internal control. Each experiment was confirmed
three times. All the relative expression levels were
measured by using the 2-22T method.

CCK8 Assay

CCKS assay kit (Dojindo, Kumamoto, Japan)
was applied to measure the proliferation of cells.
The cells seeded in a density of 1x10° cells with
100 uL medium were cultured for 24, 48, 72, 96 h
after transfection. A total of 10 uL CCKS reagent
was added into the wells and absorbance of 450
nm was measured.

Colony Formation Assay

To further investigated cell growth of GCT cel-
Is, cells were plated in 6-well plates at a density
of 600 per well and maintained in normal me-
dium for 10 days. The colonies were fixed in 70%
methanol for 20 min and then stained with 0.5%
crystal violet for 10 min on ice, washing each well
3 times with phosphate-buffered saline (PBS).

Wound-Healing Assay
Wound-healing assay was applied to detect
the ability of cell migration. Cells were put into
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six-well plates and cultured to a density of 100%.
After washing with PBS for 3 times, 3 scratches
per well were created using 200 uL tip on the sur-
face of cells. Then, the cells were incubated in se-
rum-free DMEM for 48 h and the wound healing
condition was measured using microscope at 0 h
and 48 h.

Transwell Assay

Transwell inserts (Millipore, Billerica, MA,
USA) were used to measure the invasion ability.
Atotal of 1x10° treated cells in 10% FBS medium
were seeded into the top chamber of the insert,
which had plated Matrigel (BD Biosciences,
Franklin Lakes, NJ, USA), and the lower cham-
ber was immersed in FBS-free medium. After 24
h incubation, the membrane containing cells on its
lower surface was fixed with pre-cooling metha-
nol and stained with 0.5% crystal violet. Next, the
cells stained were calculated after pictures taken
using a microscope in five random visions.

Dual-Luciferase Assay

The Dual-Luciferase reporter system (Prome-
ga, Madison, WI, USA) was employed to test the
activity of luciferase. The HOXA1 3’-UTR ¢cDNA
fragment containing the wild type or mutant miR-
30c binding site was amplified and cloned into
pGL3 luciferase vector (Promega, Madison, WI,
USA). GCT cells were transfected with miR-30c
mimics and the conducted PGL3 vector using li-
pofectamine 3000. The activity of luciferase was
determined using luminometer (Promega, Madi-
son, WI, USA) and measured as the fold-change
to the basic pGL3 vector relatively.
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Western Blot

Reagent RIPA (Beyotime, Shanghai, Chi-
na) was utilized to extract protein from cells.
BCA protein assay kit (TaKaRa, Otsu, Shiga,
Japan) was chosen for quantifying protein con-
centrations. The target proteins were separated
by sodium dodecyl sulphate-polyacrylamide gel
electrophoresis (SDS-PAGE). Then they were
transformed onto the polyvinylidene fluoride
(PVDF) membrane and then incubated with anti-
bodies. Cell Signaling Technology (Danvers, MA,
USA) provided us with rabbit anti-HOXAT1 and
rabbit anti-GAPDH, as well as goat anti-rabbit
secondary antibody. Chemiluminescent film was
applied for assessment of protein expression with
ImagelJ software.

Statistical Analysis

Statistical analysis was done using SPSS 19.0
software (IBM, Armonk, NY, USA) and all quan-
titative data were showed as mean + SD. One-way
ANOVA test was used for comparison between
groups followed by post hoc test (Least Signifi-
cant Difference). p values < 0.05 were considered
having obvious significant.

Results

MiR-30c Expressed Lower in GCT Tissues
and Cell Lines

To detect the relationship between the miR-30c
expression and giant cell tumor of bone, we exa-
mined miR-30c levels in 62 pairs of GCT tissues
and adjacent normal tissues as well as GCT cel-
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Figure 1. MiR-30c was down-regulated in GCT tissues and cell lines. 4, Analysis of the expression level of miR-GCT in
62 pairs GCT tumor and adjacent tissues. B, Expression of miR-30C in miR-30c mimics treated GCT cells. D, Expression of
miR-30c in miR-30c inhibitors treated GCT cells. MiR-30c was detected by qRT-PCR and U6 was used as an internal control.
Data are presented as the mean £ SD of three independent experiments. “p< 0.01, *"p< 0.001.
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Figure 2. MiR-30c effected the proliferation of GCT cells. 4 and B, CCKS8 assay was performed to determine proliferation
of GCT cells treating with miR-30c mimics or inhibitors compared to each negative control. C and D, Colony formation assay
was performed to determine the growth of GCT cells transfected with mimics or inhibitors, respectively. Data are presented

as the mean + SD of three independent experiments. “p< 0.01.

Is. Clearly shown in the Figure 1A, GCT tissues
expressed significantly lower miR-30c level than
adjacent normal tissues. This result indicated that
miR-30c could suppress GCT tumorigenesis.

To further study the effect of miR-30c in GCT,
we next over-expressed or knockdown miR-30c
expression by transfected with miR-30c mimics
or inhibitor (Figure 1B and C).

MiR-30c Over-Expression Inhibited the
Proliferation of GCT Cells

CCKS and colony formation assay were used
to explore the miR-30c effects in cell prolife-
ration. GCT cells treated with miR-30c mimics
performed reduced proliferation activity than ne-
gative control group (Figure 2A), while GCT cel-
Is transfected with miR-30c inhibitors displayed

increased growth ability than its control group
(Figure 2B). Also, GCT cells formed lesser co-
lonies after miR-30c mimics treatment (Figure
2C) and GCT cells formed more colonies after
miR-30c inhibitors transfection compared to
control group, relatively (Figure 2D). All these
data suggested that miR-30c could inhibit GCT
cells proliferation.

Up-Regulation of miR-30c Inhibited the
GCT Cell Migration and Invasion

We measured the miR-30c influence in GCT
cells migration abilities using wound-healing as-
say. Over-expressed miR-30c in GCT cells signi-
ficantly decreased the migration ability (Figure
3A); in contrast, knockdown of miR-30c in GCT
cells increased the wound-healing ability compa-
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red with control cells (Figure 3B). In addition, to gure 3C) but markedly enhancement after miR-
evaluate the influence of miR-30c in cell invasion, 30c inhibition in cell invasion ability (Figure 3D).
we carried out transwell invasion assay and found These results illustrated miR-30c suppressed GCT
sharp decline after miR-30c overexpression (Fi- cell migration and invasion.
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Figure 3. MiR-30c effected the migration and invasion of GCT cells. 4 and B, Wound-healing assay was performed to
determine proliferation of GCT cells treating with miR-30c mimics or inhibitors compared to each negative control. E and F,
Transwell invasion assay was used to detect the invasion ability of miR-30c mimics treated GCT cells (C) or miR-30c¢ inhibi-
tors treated GCT cells (E). Data are presented as the mean + SD of three independent experiments. “p< 0.01.
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Figure 4. HOXA1 was a direct target of miR-30c. 4, The predicted binding sites of miR-30c in the 3’-UTR of HOXALI. B,
Dual-luciferase reporter assay was used to determine the binding site. GCT cells treated by mimics or NC were transfected
with pGL3 construct containing the WT or mutant HOXA1 3’-UTR site. C and D, Levels of HOXAI protein measured by
Western-blot in miR-30c overexpression GCT cells (C) and miR-30c knockdown GCT cells (E). The protein levels were nor-
malized to that of GAPDH. Data are presented as the mean + SD of three independent experiments. “p< 0.01.

HOXAT1 was a Target Gene of miR-30c
To further explore the molecular mechanism three databases: Targetscan, miRwalk, and PicTar.
of miR-30c involved in GCT, we next searched After comprehensive analysis, we found HOXA1
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as a candidate target gene of miR-30c. To confirm
the prediction, we employed dual-luciferase assay
using conducted wild-type or mutant HOXA1 3°-
UTR vector (Figure 4A). The result of dual-luci-
ferase assay displayed a significant activity decre-
ase in the WT group, but no difference in mutant
group (Figure 4B). And then, the protein expres-
sion of HOXAT1 in miR-30c mimics or inhibitor
treated cells was measured by Western blot analy-
sis. Obviously, upregulation of miR-30c reduced
the HOXAI1 level in GCT cells (Figure 4C) while
downregulation of miR-30c in GCT cells incre-
ased the HOXAL1 expression (Figure 4D). The
above results suggested that HOXA1 was a direct
target of miR-30c.

HOXAT Over-Expression Counteracted
the Effect of miR-30c up-Regulation

As we speculated miR-30c suppressed GCT
cells proliferation, migration and invasion via
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down-regulating HOXA1, we established pla-
smid pcDNA3.1-HOXAI to reverse the effect of
miR-30c mimics to further confirm these resul-
ts. As shown in Figure 5A, CCK8 assay showed
that HOXA1 over-expression in miR-30c mimics
treated GCT cells significantly rescued the cell
proliferation ability. Furthermore, the decrease of
invasion activity caused by miR-30c¢ mimics was
reversed by HOXAT1 up-regulation (Figure 5B).
Then, Western blot assay showed HOXA1 level
was rescued by HOXAI1 up-regulation (Figure
5C). These data indicated that miR-30c¢ suppres-
sed GCT cells proliferation and progression via
targeting HOXAI.

Discussion

In recent years, miRNA has been found to be
closely related to the pathogenesis of cancer. The

Invasion cells

1.54

Relative protein expression of HOXA1

3
o
&

é‘&

Figure 5. HOXALI rescued the effects of miR-30c mimics in GCT cells. A, Analysis of the cell proliferation ability by
CCKB8 assay in miR-30c NC, mimics, or mimicstHOXAI1 treated GCT cells; B, Cell invasion ability was measured by tran-
swell assay; C, Western-blot analyses of HOX A1 expression level. GAPDH was used as an internal control. Data are represen-

ted as the mean + SD of three replicates. “p< 0.01.
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majority of the miRNAs associated with cancer
are located in chromosome site!”?°. And their ab-
normal expression can regulate tumor related ge-
nes, cell proliferation, apoptosis, and invasion of
tumor cells or blood vessel formation process®-22,
However, the role of miRNA is extensive and
complicated. Elucidating the regulation of gene
expression and its mechanism in the occurrence
and development of tumors will play a crucial role
in clinical diagnosis and treatment.

In our work, we analyzed the expression level
of miR-30c¢ in GCT tissues for the first time and
found lower miR-30c¢ expression in GCT tissue
samples compared to the normal group. These
findings emphasized that miR-30c might function
as a tumor inhibitor in GCT as well as in several
other cancers including prostate cancer, non-small
cell lung cancer, and gastric cancer.

Next to confirm the function of miR-30c in
GCT, we conducted loss- and gain- of function
experiments using miR-30c mimics and inhibi-
tors. By CCK8 assay and colony formation assay,
we studied the proliferation activity of established
cell lines. GCT cells performed, significantly re-
duced the ability of cell growth after miR-30c
up-regulation, while GCT cells treated with miR-
30c inhibitors showed increased cell proliferation
ability compared to relative control group. These
results indicated miR-30c could inhibit GCT cell
proliferation, which was presented in breast can-
cer and non-small cell lung cancer. Furthermore,
cell migration and invasion abilities changes were
visualized. As reported in prostate cancer cells,
miR-30c inhibits cell migration and invasion;
miR-30c over-expression also reduced GCT cell
migration and invasion while down-regulation of
miR-30c promoted these activities in GCT cells.
These findings clearly confirmed that miR-30c
inhibited GCT progression and tumorigenesis. As
far as we know, this is the first report explaining
miR-30c function in GCT.

In order to detect the molecular mechanism of
miR-30c, we speculated HOXA1 as a potential
target gene due to several databases. Homeobox
protein Hox-A1l (HOXA1), is a protein that en-
coded by the HOXA1 gene in humans. The gene
is part of the chromosome 7 cluster and encodes
DNA binding transcription factors that regulate
gene expression, morphogenesis, and cell dif-
ferentiation. More and more studies have found
that HOXA1 can regulate tumor development;
for example, HOXAT1 can promote the prolife-
ration of non-small cell lung cancer®, malignant
progression inhibition of breast cancer*, proli-

feration and metastasis of prostate cancer®, af-
fect the prognosis of gastric cancer?® and so on.
However, the role of HOXA1 in GCT has not
yet been explored. Then, we used dual-lucife-
rase assay to verify our assumption by co-tran-
sfecting vector containing wild type or mutant
HOXA1 3°-UTR and miR-30c mimics in GCT
cells. The WT group performed decrease of lu-
ciferase activity while mutant group showed no
difference, which demonstrated HOXA1 was di-
rect target of miR-30c. Also, Western blot further
confirmed HOXA1 was a downstream molecular
of miR-30c. In addition, to study the function of
HOXAI1, we over-expressed HOXA1 in miR-
30c up-regulated GCT cells and found HOXA1
rescued the inhibition function of miR-30c in
cell proliferation and invasion. All these data de-
monstrated miR-30c inhibited GCT cell growth
and progression via regulating HOXA1. Though
we studied the miR-30c in vitro, more researches
in vivo are needed to further explore the miR-30c
function in GCT.

Conclusions

Overall, we first demonstrated miR-30c expres-
sion was decreased in GCT and its over-expres-
sion inhibited GCT cell proliferation, migration
and invasion. Further, we elucidated miR-30c¢ fun-
ction as a tumor suppressor via targeting HOXAL.
These results could provide a potential target for
GCT diagnosis and therapy in the future.

Conflict of interest
The authors declare no conflicts of interest.

References

1) Cawmpanacc M, Bawoini N, BoriaNi S, SUDANESE A.
Giant-cell tumor of bone. J Bone Joint Surg Am
1987; 69: 106-114.

2) Werner M. Giant cell tumour of bone: morpholo-
gical, biological and histogenetical aspects. Int
Orthop 2006; 30: 484-489.

3) GurTA R, SEETHALAKSHMI V, JAMBHEKAR NA, PRABHUDESAI
S, MercHANT N, Puri A, AcarwaL M. Clinicopatholo-
gic profile of 470 giant cell tumors of bone from a
cancer hospital in western India. Ann Diagn Pa-
thol 2008; 12: 239-248.

4) Ep A, Li'S, GArzA R, WonG ME. Chemotherapy for
oral and maxillofacial tumors: an update. Oral Ma-
xillofac Surg Clin North Am 2014; 26: 163-169.



MicroRNA of SLE

5)

6)

7)

10)

11)

12)

13)

14)

15)

16)

Mak I/, Seputz EP, Cowan RW, Turcotte RE, Porovic S,
Wu WC, SinagH G, GHert M. Evidence for the role of ma-
trix metalloproteinase-13 in bone resorption by giant
cell tumor of bone. Hum Pathol 2010; 41: 1320-1329.

Wu Z, YanG X, Xiao J, FEng D, HuanG Q, ZHENG W,
HuanGg W, ZHou Z. Aneurysmal bone cyst secon-
dary to giant cell tumor of the mobile spine: a re-
port of 11 cases. Spine (Phila Pa 1976) 2011; 36:
E1385-E1390.

Becker WT, DoHLE J, BERND L, BrRAUN A, CserHATI M,
ENDERLE A, Hovy L, MATEJOVSKY Z, SzENDROI M, TRIEB
K, Tunn PU. Local recurrence of giant cell tumor of
bone after intralesional treatment with and without
adjuvant therapy. J Bone Joint Surg Am 2008; 90:
1060-1067.

Xu W, Li X, Huang W, WANG Y, HAN' S, CHEN S, Xu L,
YanG X, Liu T, Xiao J. Factors affecting prognosis of
patients with giant cell tumors of the mobile spine:
retrospective analysis of 102 patients in a single
center. Ann Surg Oncol 2013; 20: 804-810.

NG PK, Tsui SK, Lau CP, Wong CH, WonG WH, HuanG
L, Kumta SM. CCAAT/enhancer binding protein
beta is up-regulated in giant cell tumor of bone
and regulates RANKL expression. J Cell Biochem
2010; 110: 438-446.

FaBian MR, Sonenserg N. The mechanics of miR-
NA-mediated gene silencing: a look under the hood
of miRISC. Nat Struct Mol Biol 2012; 19: 586-593.

Huntzinger E, IzaurraLDE E. Gene silencing by mi-
croRNAs: contributions of translational repression
and mRNA decay. Nat Rev Genet 2011; 12: 99-110.

INnul M, MarTELLO G, Piccoro S. MicroRNA control of
signal transduction. Nat Rev Mol Cell Biol 2010;
11: 252-263.

Croce CM. Causes and consequences of microR-
NA dysregulation in cancer. Nat Rev Genet 2009;
10: 704-714.

HuanGg YQ, Ling XH, Yuan RQ, CHEN ZY, YANG SB,
Huang HX, ZnonGg WD, Qiu SP. MiR30c suppres-
ses prostate cancer survival by targeting the ASF/
SF2 splicing factor oncoprotein. Mol Med Rep
2017; 16: 2431-2438.

CaoJM, LI GZ, Han M, Xu HL, Huang KM. MiR-30c-5p
suppresses migration, invasion and epithelial to me-
senchymal transition of gastric cancer via targeting
MTA1. Biomed Pharmacother 2017; 93: 554-560.
ZHoNG K, CHen K, Han L, Li B. MicroRNA-30b/c inhi-
bits non-small cell lung cancer cell proliferation by
targeting Rab18. BMC Cancer 2014; 14: 703.

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

CALIN GA, SevigNANI C, Dumitru CD, Hysiop T, NocH
E, YENDAMURI S, SHIMizu M, RATTAN S, BuLLricH F, NE-
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.

Xu M, ZranG YY, WaNG HF, YanG GS. The expres-
sion and function of miRNA-106 in pediatric oste-
osarcoma. Eur Rev Med Pharmacol Sci 2017; 21:
715-722.

KameokA Y, TAGAwA H, Tsuzuki S, KARNAN S, OT1A A,
SuGuro M, Suzuki R, YAMAGUCHI M, MorisHIMA Y, NAKA-
MURA S, SETo M. Contig array CGH at 3p14.2 points
to the FRA3B/FHIT common fragile region as the
target gene in diffuse large B-cell ymphoma. On-
cogene 2004; 23: 9148-9154.

He L, THomsoNn JM, HEMANN MT, HERNANDO-MONGE
E, Mu D, GoobsonN S, Powers S, CorpoN-CArpO C,
Lowe SW, Hannon GJ, Hammonp SM. A microRNA
polycistron as a potential human oncogene. Natu-
re 2005; 435: 828-833.

VoorHOEVE PM, LE SAGe C, ScHRIER M, GiLuis AJ, Stoop
H, NAGEL R, Liu YP, van Duuse J, DrosT J, GRIEKSPOOR
A, Ziotorynskl E, YaButAa N, De Vita G, Nouima H,
Loouenga LH, Acami R. A genetic screen implica-
tes miRNA-372 and miRNA-373 as oncogenes in
testicular germ cell tumors. Cell 2006; 124: 1169-
1181.

ZHANG B, Pan X, Coss GP, AnpersoN TA. MicroRNAs
as oncogenes and tumor suppressors. Dev Biol
2007; 302: 1-12.

ZHAN M, Qu Q, WaNG G, Liu YZ, Tan SL, Lou XY, Yu
J, Zrou HH. Let-7c inhibits NSCLC cell prolifera-
tion by targeting HOXAT1. Asian Pac J Cancer Prev
2013; 14: 387-392.

WanG X, Li'Y, Q1 W, ZHanGg N, Sun M, Huo Q, Cal
C, Lv S, YanGg Q. MicroRNA-99a inhibits tumor ag-
gressive phenotypes through regulating HOXA1
in breast cancer cells. Oncotarget 2015; 6: 32737-
32747.

WaNG H, Liu G, SHEN D, YE H, Huanag J, Jiao L, Sun
Y. HOXA1 enhances the cell proliferation, invasion
and metastasis of prostate cancer cells. Oncol
Rep 2015; 34: 1203-1210.

Yuan C, ZHU X, HAN Y, SonGg C, Liu C, Lu S, ZHANG M,
Yu F, PenG Z, ZHou C. Elevated HOXA1 expression
correlates with accelerated tumor cell proliferation
and poor prognosis in gastric cancer partly via
cyclin D1. J Exp Clin Cancer Res 2016; 35: 15.



