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Abstract. - OBJECTIVE: High mobility group
protein A2 (HMGAZ2) is a kind of oncogene that
regulates cell proliferation and cycle. HMGA2
up-regulation is related to the occurrence of
multiple tumors including colorectal cancer.
MiR-150 is found down-regulated in colorectal
cancer tissue. Bioinformatics analysis shows
the complementary targeted relationship be-
tween miR-150 and the 3-UTR of HMGAZ2. This
study explores the role of microRNA-150 (miR-
150) in regulating HMGAZ2 expression, colorectal
cancer cell proliferation, and cycle.

PATIENTS AND METHODS: Colorectal cancer
patients were enrolled to collect cancer and pa-
ra-carcinoma tissues. MiR-150 and HMGA2 ex-
pressions were tested in tissue. MiR-150, HM-
GA2, and Cyclin A levels in colorectal cancer
cell line SW480, and normal colorectal epithelial
cell line FHC were compared. The targeted rela-
tionship between miR-150 and the 3’-UTR of HM-
GA2 was evaluated by dual luciferase reporter
gene assay. SW480 cells were divided into five
groups, including miR-control, miR-150 mim-
ic, small interfere normal control (si-NC), si-HM-
GA2, and miR-150 mimic + si-HMGAZ2. Cell cycle
was determined by using flow cytometry. The
cell proliferation was detected by using the cell
counting kit 8 (CCK-8) test.

RESULTS: HMGA2 expression was signifi-
cantly increased, while miR-150 levels were sig-
nificantly declined in colorectal cancer tissue
compared with that in para-carcinoma tissue
(p<0.05). HMGA2 and Cyclin A levels were high-
er significantly, whereas miR-150 expression
was lower significantly in SW480 cells compared
to that in FHC cells (p<0.05). MiR-150 targeted
band to the 3’-UTR of HMGA. MiR-150 mimic and/
or si-HMGA2 significantly reduced HMGA2 and
Cyclin A expressions, blocked cell cycle in the
GO0/G1 phase, and attenuated cell proliferation.

CONCLUSIONS: We observed that miR-150
down-regulated Cyclin A expression to block
colorectal cancer cell cycle and inhibit prolifera-
tion through targeted inhibiting HMGAZ2.
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Introduction

Colorectal cancer (CRC) is a common ma-
lignant tumor in clinic with high morbidity,
mortality, and poor prognosis'. High mobility
group protein A2 (HMGA?2) is a member of
the HMGA family. It is named because of its
high migration speed in polyacrylamide gel
electrophoresis (PAGE)’. HMGA?2 regulates
gene transcription and expression by changing
the chromatin configuration or interacting with
other transcription factors to participate in mul-
tiple biological processes, including cell proli-
feration, cell cycle, and apoptosis®’. The HM-
GA2 expression is low in normal tissues except
early embryos and immature tissue*. A variety
of studies revealed that HMGA2 abnormal
over-expression was closely related to multiple
tumor occurrence, progression, and prognosis,
such as breast cancer®, bladder cancer®, prostate
cancer’, and ovary cancer®. HMGA?2 abnormal
expression was also found in CRC and might
be associated with progression and progno-
sis”!?. MicroRNA (miR) is a type of important
epigenetic regulatory factor. It affects cell pro-
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liferation, cycle, and apoptosis by inhibiting
mRNA translation or degrading mRNA'". Some
evidence'?!* suggested that miRNA abnormal
expression and function were critical in CRC. It
was showed that miR-150 down-regulation was
related to CRC, while its expression may affect
CRC progression'®. Bioinformatics analysis
shows the complementary targeted relationship
between miR-150 and the 3’-UTR of HMGAZ2.
This study explores the role of miR-150 in re-
gulating HMGAZ2 expression, colorectal cancer
cell proliferation, and cycle.

Patients and Methods

Main Reagents and Materials

Human CRC cell line SW480 and normal co-
lorectal epithelial cell FHC were provided by
Jennio Biological Technology (Shanghai, Chi-
na). Roswell Park Memorial Institute-1640 (RP-
MI-1640), Dulbecco’s Modified Eagle Medium
(DMEM), fetal bovine serum (FBS), and peni-
cillin-streptomycin were purchased from Biolo-
gical Industries Co. Ltd. (Israel). Trizol and Li-
pofectamine® RNA iMAX transfection reagents
were purchased from Thermo Scientific Pierce
(Rockford, IL, USA). ReverTra Ace quantitative
PCR (qPCR), reverse transcription (RT) kit and
SYBR Green were purchased from Toyobo Life
Science (Osaka, Japan). HMGA2 small interfe-
re RNA (siRNA) was designed and synthesized
by Shanghai GenePharma Co. Ltd. (Shanghai,
China). MicroRNA nucleotide fragment was
designed and synthesized by Guangzhou Ribo-
Bio. Co. Ltd. (Guangzhou, China). Rabbit an-
ti-human HMGA2 antibody was got from Cell
Signaling Technology Inc. (Beverly, MA, USA).
Mouse anti-Cyclin A antibody was purchased
from Santa Cruz Biotechnology (Santa Cruz,
CA, USA). Goat anti-rabbit IgG (H + L) was
purchased from Abcam Biotechnology (Cambri-
dge, MA, USA). Horseradish peroxidase (HRP)
labeled anti-mouse and rabbit secondary antibo-
dies were provided by Jackson ImmunoResear-
ch (West Grove, PA, USA). Cell Counting Kit-8
(CCK-8) was got from Boster (Wuhan, China).
Cell cycle detection kit was purchased from
Beyotime Biotechnology (Shanghai, China). Lu-
ciferase reporter gene vector pLUC Luciferase
vector was purchased from Ambion Inc. (Austin,
Texas, USA). Dual-Luciferase® Reporter Assay
System was obtained from Promega (Madison,
MI, USA).
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Clinical Information

A total of 41 cases of CRC patients recei-
ved treatment in the First People’s Hospital of
Wenling, Zhejiang Province between Dec 2015
and Jul 2016 were recruited. The tumor tissue and
para-carcinoma tissue were collected. There were
25 males and 16 females with mean age at 61.8
(46-76) years old. No patients received radio or
chemotherapy before surgery.

All the subjects signed the informed consent
and approved this study. This investigation was
approved by the Ethics Committee of First Pe-
ople’s Hospital of Wenling, Zhejiang Province,
China.

Immunofluorescence Assay

The tissue section was washed with phospha-
te-buffered saline (PBS) and blocked by serum.
Next, it was incubated in rabbit anti-human HM-
GA2 monoclonal antibody at 4°C for 12-16 h.
Then, the section was incubated in IgG Alexa
Fluor 594 labeled Goat Anti-Rabbit IgG (H+L) at
room temperature for 60 min. At last, the section
was stained with 0.1% 4’6-diamidino-2-phenylin-
dole (DAPI) and observed under the microscope.

Cell Culture

SW480 and FHC cells were maintained in RP-
MI-1640 medium containing 10% FBS, 1% peni-
cillin-streptomycin, and 2 mM L-glutamine. The
cells in logarithmic phase were used for the fol-
lowing experiments.

Dual-Luciferase Activity Detection

The PCR product containing the full length
fragment of HMGA2 3’-UTR was connected to
pLUC plasmid and transformed to DHS5a cells.
The plasmid was confirmed by sequencing and
named as pLUC-HMGA2-3’-UTR-wt and pLUC-
HMGAZ2-3’-UTR-mut, respectively. Lipofectami-
ne RNAIMAX® was used to co-transfect pLUC-
HMGA2-3-UTR-wt or pLUC-HMGAZ2-3’-mut
and miR-150 mimic to HEK293T cells. After cul-
tured for 48 h, the cells were tested by Dual-Lu-
ciferase® Reporter Assay System according to the
manual.

Cell Grouping and Transfection

SW480 cells in logarithmic phase were divided
into five groups, including miR-control, miR-150
mimic, si-NC, si-HMGA2, and miR-150 mimic +
si-HMGA?2. Si-HMGA?2 sense strand, 5-CAGC-
CUGAAUAACUUGAACTT-3". Si-HMGA?2 anti-
sense strand, 5-GUUCAAGUUAUUCAGGCU-
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GTT-3". Si-NC sense strand, 5-UUCUCCGA-
ACGUGUCACGUTT-3". Si-NC antisense strand,
5-ACGUGACACGUUCGGAGAATT-3". The
nucleotide fragment and lipofectamine® RNA
iMAX were diluted by Opti-MEM, respectively.
After 5 min incubation at room temperature, they
were mixed and added to the cells. At last, the
cells were collected after 48 h and tested.

gRT-PCR

Total RNA was extracted using the TRIzol.
ReverTra Ace qPCR RT Kit was applied for qRT-
PCR detection. The primers used were as follows.
miR-150P.: 5-ATAAAGTGCTGACAGTGCAGA-
TAGTG-3, miR-150P,: 5-TCAAGTACCCACA-
GTGCGGT-3; U6P,: 5-ATTGGAACGATACA-
GAGAAGATT-3, U6P,: 5-GGAACGCTTCAC-
GAATTTG-3; HMGA2P.: 5-ACCCAGGGGA-
AGACCCAAA-3, HMGAZ2P,: 5-CCTCTTGGC-
CGTTTTTCTCCA-3’; CyclinAP,: 5-ACATGGA-
TGAACTAGAGCAGGG-3', CyclinAP,: 5-GA-
GTGTGCCGGTGTCTACTT-3’; B-actinP_: 5-GA-
ACCCTAAGGCCAAC-3, B-actinP,: 5“TGTCAC-
GCACGATTTCC-3". The qRT-PCR reaction system
contained 10.0 ul 2xSYBR Green RT-PCR Mixture,
0.8 pl primers at 10 pm/1, 2 pg complementary DNA
(cDNA), and ddH,O. The PCR reaction composed
of 40 cycles of 95°C for 15 s, 60°C for 30 s, and 74°C
for 30 s was performed on ABI7500.

Western Blot

The cells were lysed by RIPA and quantified
by bicinchoninic acid (BCA). The protein was
separated by 10% sodium dodecyl sulfate-polya-
crylamide gel electrophoresis (SDS-PAGE) at 45
V for 200 min. After the protein was transfer-
red to polyvinylidene difluoride (PVDF) mem-
brane at 300 mA for 60 min, the membrane was
blocked at room temperature for 60 min. Next,
the membrane was incubated in a primary anti-
body (HMGAZ2, Cyclin A, and B-actin at 1:200,
1:200, and 1:500) at 4°C overnight. After washed
by Phosphylated-buffered saline and Tween-20
(PBST) for three times, the membrane was fur-
ther incubated in HRP labeled secondary antibo-
dy (1:5000) at room temperature for 60 min. At
last, the membrane was treated by enhanced che-
miluminescence (ECL) and detected.

Flow Cytometry

The cells were collected by enzyme and tran-
sferred to 15 ml centrifuge tube. After centrifu-
ged at 1000 r/min for 5 min, the cells were fixed
by 70% ethanol at 4°C overnight. Then, the cells

were added with 50 ug/ml propidium iodide (PI)
at 37°C avoid of light for 15 min; the sample was
tested on the flow cytometry.

CCK-8 Assay

The cells were seeded in 96-well plate at 1x10*
cells/well. After incubation for 48 h, 10 ul CCK-8
solution was added to each well. The plate was
read on a microplate reader at 450 nm after 4 h in-
cubation. Cell viability = (treatment group A450-
blank A450)/(control A450 — blank A450) x100%.

Statistical Analysis

All data analysis was performed on SPSS 18.0
software (SPSS, Inc., Chicago, IL, USA). The measu-
rement data were depicted as mean + standard devia-
tion (SD). The Student’s #-test was used to compare the
differences between the two groups. The Tukey’s post
hoc test was used to validate the ANOVA for compa-
ring measurement data between groups. p<0.05 was
treated as statistical significance.

Results

MiR-150 and HMGAZ Expressions
in CRC Tissue

gRT-PCR showed that miR-150 expression
was significantly lower in tumor tissue than the
para-carcinoma tissue (Figure 1A). Immunofluo-
rescence detection demonstrated that HMGA2
protein level was markedly up-regulated in tumor
tissue compared with adjacent tissue (Figure 1B).

MiR-150 Targeting Inhibited HMGAZ2
Expression

Bioinformatics analysis revealed the comple-
mentary targeted relationship between miR-150
and the 3-UTR of HMGAZ2 (Figure 2A). Dual lu-
ciferase reporter gene assay revealed that miR-150
mimic transfection markedly reduced the relative
luciferase activity in HEK293T cells transfected
with pLUC-HMGAZ2-3’-UTR-wt (Figure 2B). On
the contrary, it exhibited no significant impact on
the relative luciferase activity in HEK293T cel-
Is transfected with pLUC-HMGA2-3’-UTR-mut,
suggesting that miR-150 can bind to the 3’-UTR
of HMGA2 mRNA and inhibit its expression.

MiR-150 Was Down-Regulated, While
HMGAZ and Cyclin A Were Enhanced in
SW480 Cells

CFSE staining flow cytometry demonstrated
that the fluorescence intensity of SW480 was ap-
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Figure 1. MiR-150 and HMGA?2 expressions in CRC
tissue. A, qQRT-PCR detection of miR-150 expression. B,
Immunofluorescence detection of HMGA2 protein level.
"p<0.05, compared with para-carcinoma tissue.

parently lower than FHC (Figure 3A), indicating
the proliferative ability of CRC cells was stronger
than normal colorectal epithelial cells. Cell cycle
detection showed that the cell proportion in S
and G2/M phases in SW480 cells was markedly
higher, whereas the cell percent in GO/G1 phase
was lower than that in FHC cells (Figure 3B). The
gRT-PCR revealed that miR-150 expression was
significantly lower, while HMGA?2 and Cyclin A
mRNA levels were markedly higher in SW480
cells compared with FHC cells (Figure 3C). We-
stern blot exhibited that HMG2 and Cyclin A
protein expressions markedly elevated in SW480
compared with FHC (Figure 3D). It suggested that
miR-150 down-regulation might be the reason of
HMGA?2 and Cyclin A elevation in CRC cells,
thus involving in CRC morbidity.

MiR-150 Over-Expression Blocked
SW480 Cell Cycle and Proliferation

MiR-150 mimic and/or si-HMGA2 marke-
dly reduced HMGAZ2 and Cyclin A expressions
(Figure 4A), blocked cell cycle in GO/G1 phase
(Figure 4C), and attenuated cell proliferation
(Figure 4B).
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Discussion

CRC is a common malignant tumor in our
country. It is estimated that the incidence of CRC
is as high as of 30/100,000, while the mortali-
ty at 12/100,000 annually. There are more than
376,000 new cases and 191,000 cases died every
year'®, The prognosis of CRC is poor, resulting in
the 3-year survival rate at 60% and 5-year survi-
val rate at lower than 40%"". Therefore, searching
for the molecular targets in the pathogenesis of
CRC is of great significance for early diagnosis
and prognosis.

HMGA? is a kind of nonhistone chromoso-
mal protein without transcriptional activity it-
self. However, it can regulate gene transcription,
replication, and DNA damage impair through
changing the spatial structure of chromatin or
interacting with protein'®. Also, Cyclin A plays a
critical role in the cell cycle. It can interact with
CDKI1 and CDK2, thus to promote cells entering
S phase and accelerate G2/M phase transition'”.
Tessari et al*® found that HMGA?2 can interact
with pl120E4F to increase Cyclin A expression,
resulting in cell cycle, mitosis, and oncogenesis
promotion. It was showed that miR-150 down-re-
gulation was associated with CRC occurrence,
which may also affect CRC progression®. Bio-
informatics analysis shows the complementary
targeted relationship between miR-150 and the
3’-UTR of HMGAZ2. This study explores the role
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B

-
N

miR-control [ll miR-150 mimic

T T

© o o =
kS o o™ O

Relative luciferase activity

o
N

pLUC-HMGA2-3-UTR-wt

Figure 2. MiR-150 targeted inhibited HMGA?2 expression.
A, The potential binding site between miR-150 and the 3’-
UTR of HMGA2 mRNA. B, Dual luciferase reporter gene
assay. ‘p<0.05 compared with miR-control.

pLUC-HMGA2-3'-UTR-mut
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Figure 3. MiR-150 downregulated, while HMGA2 and Cyclin A enhanced in SW480 cells. 4, CFSE detection of cell prolifer-
ation. B, PI detection of cell cycle. C, qRT-PCR detection of gene expression. D, Western Blot detection of protein expression.

"p<0.05, compared with FHC cells.

of miR-150 in regulating HMGA?2 expression, co-
lorectal cancer cell proliferation, and cycle.

Our results showed that HMGA2 expression
significantly elevated, whereas miR-150 signifi-
cantly decreased in CRC tissue compared with
para-carcinoma tissue. Yu et al*' revealed that
HMGA?2 abnormal upregulated in CRC tissue
and was correlated with tumor staging and pro-
gnosis. Wang et al'® demonstrated that HMGA2
over-expressed in CRC tissue and its level was
associated with distant metastasis and poor pro-
gnosis. Razzi et al?? showed that the HMGA?2 ele-
vation in CRC tissue was closely related to blood
vessel metastasis, and it could be treated as an in-
dicator to predict tumor progression and clinical
outcome. We observed the HMGA2 up-regula-
tion in CRC tissue, which was in accordance with
Yu et al’! and Wang et al'®. Aherne et al”® found
that miR-150 expression was significantly lower
in colon polyps benign lesions and normal colon
tissue compared with CRC tissue. Gattolliat et
al® reported that miR-150 expression was marke-
dly lower in colonic adenoma or CRC tissue than

normal colonic mucosa. Ma et al** revealed that
miR-150 level markedly reduced in CRC tissue
compared with adjacent normal tissue. Moreover,
patients with miR-150 downregulation exhibi-
ted worse survival rate and lower chemotherapy
sensitivity. Pizzini et al* also observed miR-150
downregulation in CRC tissue compared with
normal colonic mucosa. The miR-150 reduction
in the peripheral blood of CRC patients was al-
so confirmed by Sarlinova et al®®. In this resear-
ch, miR-150 was found declined in CRC tissue,
which was similar to the reports of Gattolliat et
al?*, Ma et al**, and Pizzini et al®®. Compared with
the normal colonic epithelial cell FHC, miR-150
expression significantly decreased, whereas HM-
GA1 and Cyclin A levels up-regulated in CRC cell
line SW480. It indicated that miR-150 may play
its role in enhancing HMGA?2 and Cyclin A, and
facilitating CRC cell proliferation and cell cycle.
Further analysis demonstrated that miR-150 mi-
mic and/or HMGA?2 interference down-regulated
HMGA?2 and Cyclin A protein levels, blocked
cell cycle in the GO/GI1 phase, and inhibited cell
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Figure 4. MiR-150 over-expression blocked SW480 cell cycle and proliferation. 4, Western Blot detection of protein expres-
sions. B, CCK-8 detection of cell viability. C, PI staining detection of cell cycle.

proliferation in SW480 cells. Wu et al*’ showed
that HMGA?2 over-expression markedly promoted
CRC cell migration and invasion, while HMGA2
reduction exhibited the opposite effect. Wu et al**
found that HMGA2 siRNA apparently suppres-
sed the cell proliferation of CRC cell line HCT-
116 and SW480, while HMGA2 over-expression
demonstrated the opposite phenomena. This stu-
dy showed that HMGA2 down-regulation atte-
nuated the malignant characteristic of CRC cells,
which was similar to Wu et al’” report?’-*®. Feng et
al® reported that miR-150 can inhibit oncogene
c-Myc expression, suppress cell proliferation and
cell cycle, and induce cell apoptosis in CRC LoVo
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cells. Wang et al*® detected that miR-150 targeted
MUCH4 to restrain CRC cell migration and inva-
sion. This study showed that miR-150 induced
CRC cell cycle arrest and inhibited cell prolife-
ration by suppressing HMGA?2 to down-regulate
Cyclin A expression.

Conclusions

We showed that miR-150 arrested CRC cell
cycle and inhibited cell proliferation through
targeted inhibiting HMGA?2 to reduce Cyclin A
expression.



miR-150 and HMGAZ in proliferation and cycle of SW480 cells

Acknowledgments
This work was supported by Wenling Municipal Science
and Technology Project (2013C31055).

Conflict of Interest
The Authors declare that they have no conflict of interest.

1)

5)

6)

10)

11)

References

Liu XH, WanG J, Dong YH. The inhibitory effect of
miR-375 targeting sp1 in colorectal cancer cell
proliferation. Eur Rev Med Pharmacol Sci 2018;
22: 405-411.

Fepete M, Fusco A. HMGA and cancer. Biochim
Biophys Acta 2010; 1799: 48-54.

PAamviER D, VALENTINO T, D’ANGELO D, DE MARTINO |,
PosTiGLIONE |, PACELLI R, CRoce CM, FEDELE M, Fusco A.
HMGA proteins promote ATM expression and en-
hance cancer cell resistance to genotoxic agents.
Oncogene 2011; 30: 3024-3035.

SINGH |, MeHTA A, CONTRERAS A, BOETTGER T, CARRA-
RO G, WHEeLeEr M, CaBRerRA-FUENTES HA, BEeLLuscl S,
SeeGer W, Braun T, Barreto G. Hmgaz2 is required
for canonical WNT signaling during lung develop-
ment. BMC Biol 2014; 12: 21.

Wu J, ZHANG S, SHAN J, Hu Z, Liu X, CHEN L, Ren X,
Yao L, SHENG H, Li L, ANN D, YEN Y, WANG J, WANG
X. Elevated HMGA2 expression is associated
with cancer aggressiveness and predicts poor
outcome in breast cancer. Cancer Lett 2016; 376:
284-292.

SHI Z, Li X, Wu D, TANG R, CHEN R, Xue S, Sun X.
Silencing of HMGA2 suppresses cellular prolifer-
ation, migration, invasion, and epithelial-mesen-
chymal transition in bladder cancer. Tumour Biol
2016; 37: 7515-7523.

Cal J, SHEN G, L S, Meng Q. Downregulation of
HMGA2 inhibits cellular proliferation and inva-
sion, improves cellular apoptosis in prostate can-
cer. Tumour Biol 2016; 37: 699-707.

Wu J, LAl M, SHao C, WaNG J, We JJ. STC2 over-
expression mediated by HMGAZ2 is a biomarker
for aggressiveness of high-grade serous ovarian
cancer. Oncol Rep 2015; 34: 1494-1502.

YU FY, TuY, Deng Y, Guo C, NinGg J, ZHU Y, Lv X, YE
H. MiR-4500 is epigenetically downregulated in
colorectal cancer and functions as a novel tumor
suppressor by regulating HMGA2. Cancer Biol
Ther 2016; 17: 1149-1157.

WanG X, Liu X, Li AY, CHen L, Lal L, Lin HH, Hu S,
Yao L, PenG J, LoERA S, XUE L, ZHou B, ZHou L, ZHENG
S, CHu P, ZHANG S, ANN DK, Yen Y. Overexpression
of HMGA2 promotes metastasis and impacts sur-
vival of colorectal cancers. Clin Cancer Res 2011;
17: 2570-2580.

Yu B, Liu X, CHaNnG H. MicroRNA-143 inhibits col-
orectal cancer cell proliferation through targeting
MMP7. Minerva Med 2017; 108: 13-19.

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

Xul, WeNT, LiuZ, XuF, YanG L, Liu J, FEnG G, AN
G. MicroRNA-375 suppresses human colorectal
cancer metastasis by targeting Frizzled 8. Onco-
target 2016; 7: 40644-40656.

ORrrU G, OccHINEGRO A, RATTO D, CESARONI V RossI P.
MiRNA-155 and colorectal cancer, the role of real
time PCR in laboratory diagnosis. Eur Rev Med
Pharmacol Sci 2018; 22: 1521-1524.

Imaoka H, Toivama Y, Fusikawa H, Hiro J, SAiGusa S,
TANAKA K, INOUE Y, Monrl Y, Mori T, Kato T, ToDEN
S, Goer A, Kusunoki M. Circulating microRNA-1290
as a novel diagnostic and prognostic biomarker
in human colorectal cancer. Ann Oncol 2016; 27:
1879-1886.

AHERNE ST, MApDEN SF, HugHEs DJ, PArRDINI B, NACcA-
RATI A, LEvy M, VobickA P, NEARY P, DowLING P, CLYNES
M. Circulating miRNAs miR-34a and miR-150 as-
sociated with colorectal cancer progression. BMC
Cancer 2015; 15: 329.

CHEN W, ZHENG R, BAADE PD, ZHANG S, ZENG H, Bray
F, JemAaL A, Yu XQ, He J. Cancer statistics in China,
2015. CA Cancer J Clin 2016; 66: 115-132.

ZuiuG LL, SmitH VA, JacksoN GL, DANus S, SCHNELL M,
Linpauist J, ProveNzALE D, WEINBERGER M, KELLEY MJ,
BoswortH HB. Colorectal Cancer Statistics From
the Veterans Affairs Central Cancer Registry. Clin
Colorectal Cancer 2016; 15: €199-e204.

ZHANG H, TANG Z, DenGg C, HEY, WU F, Liu O, Hu C.
HMGAZ2 is associated with the aggressiveness of
tongue squamous cell carcinoma cells. Oral Dis
2017; 23: 255-264.

EkBerG J, Howm C, JAuLl S, RICHTER J, ANAGNOSTAKI L,
LanpBerg G, Persson JL. Expression of cyclin A1
and cell cycle proteins in hematopoietic cells and
acute myeloid leukemia and links to patient out-
come. Eur J Haematol 2005; 75: 106-115.

TessarRl MA, GosTissA M, ALTAMURA S, SGARRA R, RUSTIGHI
A, SAwvaGgNo C, CARetTi G, ImBRIANO C, MANTOVANI R,
DeL SAL G, GiancotTi V, Manriotetti G. Transcrip-
tional activation of the cyclin A gene by the archi-
tectural transcription factor HMGAZ2. Mol Cell Biol
2003; 23: 9104-9116.

Yu FY, TuY, DenGg Y, Guo C, NiNnG J, ZHU Y, Lv X, YE
H. MiR-4500 is epigenetically downregulated in
colorectal cancer and functions as a novel tumor
suppressor by regulating HMGA2. Cancer Biol
Ther 2016; 17: 1149-1157.

Rizz1 C, CATALDI P, lor A, IsoLA M, SGARRA R, MANFIOLET-
11 G, Giancotmi V. The expression of the high-mo-
bility group A2 protein in colorectal cancer and
surrounding fibroblasts is linked to tumor inva-
siveness. Hum Pathol 2013; 44: 122-132.

GATTOLLIAT CH, UGUEN A, PessoN M, TRILLET K, SimoN
B, Doucer L, Rosaszkiewicz M, Corcos L. MicroRNA
and targeted mRNA expression profiling analysis
in human colorectal adenomas and adenocarci-
nomas. Eur J Cancer 2015; 51: 409-420.

MA'Y, ZHANG P, WANG F, ZHANG H, YANG J, PenG J, Liu
W, Qin H. miR-150 as a potential biomarker asso-
ciated with prognosis and therapeutic outcome in
colorectal cancer. Gut 2012; 61: 1447-1453.

6799



Z.-C. Zhang, G.-P. Wang, L.-M.

Yin, M. Li, L.-L. Wu

25)

26)

27)

Pizzini' S, BisoGNIN A, MANDRUzzATO S, BiasioLo M,
FaccioLLr A, PeriLLr L, Rossi E, Esposito G, RuGGe M,
PiLATI P, MoceLLN S, NitTi D, BorTOLUZZI S, ZANOVELLO
P. Impact of microRNAs on regulatory networks
and pathways in human colorectal carcinogen-
esis and development of metastasis. BMC Ge-
nomics 2013; 14: 589.

SARLINOVA M, HALAsA M, MistuNA D, Musak L, -
IEV R, StaBy O, MAazucHovA J, VALENTOVA V, PLANK
L, HaLasova E. miR-21, miR-221 and miR-150
are deregulated in peripheral blood of patients
with colorectal cancer. Anticancer Res 2016; 36:
5449-5454.

Wu J, WaNG Y, Xu X, Cao H, SAHENGBIEKE S, SHENG H,
Huang Q, Lai M. Transcriptional activation of FN1 and

28)

29)

30)

IL11 by HMGAZ2 promotes the malignant behavior of
colorectal cancer. Carcinogenesis 2016; 37: 511-521.

Wu H, LianG Y, SHen L. MicroRNA-204 modulates col-
orectal cancer cell sensitivity in response to 5-fluo-
rouracil-based treatment by targeting high mobility
group protein A2. Biol Open 2016; 5: 563-570.

FENG J, YANG Y, ZHANG P, WANG F, MA Y, QiN H, WANG
Y. miR-150 functions as a tumour suppressor in
human colorectal cancer by targeting c-Myb. J
Cell Mol Med 2014; 18: 2125-2134.

WANG WH, CHEN J, ZHAO F, ZHANG BR, Yu HS, JiN
HY, Dal JH. MiR-150-5p suppresses colorectal
cancer cell migration and invasion through tar-
geting MUC4. Asian Pac J Cancer Prev 2014; 15:
6269-627.



