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Abstract

MicroRNAs (miRNAs) are ubiquitously expressed small, non-coding RNAs that negatively regulate gene
expression at a post transcriptional/translational level. They have emerging as playing crucial roles in cancer
at all stages ranging from initiation to metastasis. As a tumor suppressor miRNA, aberrant expression of
microRNA-29b (miR-29b) has been detected in various types of cancer, and its disturbance is related with
tumor development and progression. In this review, we summarize the latest findings with regard to the tumor
suppressor signatureof miR-29b and its regulatory mechanisms. Our review highlights the diverse relationships

between miR-29b and its target genes in malignant tumors.
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Introduction

MicroRNAs (miRNAs) are a class of single-stranded
small molecule RNA with about 22 nucleotides in length
(Bartel, 2009). These short RNA molecules are able to
bind to specifics sites typically present in the three prime
untranslated region (3’-UTR) of their target genes and
mediate either mRNA decay with perfect base pairing or
translational blockade with imperfect base pairing (Pillai
et al., 2007). So far, there are about 1424 miRNAs in
human, 720 in mouse, and 408 in rat which were confirmed
by miRBase datebase (Kozomara and Griffiths-Jones,
2011).Itis known that hundreds of miRNAs participate in
various biological phenomena, such as cell proliferation,
development, differentiation and metabolism (Kavitha et
al.,2014). As a special one among them, the miR-29b has
unexceptionally become a hot topic. The miR-29b contains
miR-29b-1 and miR-29b-2. The structure, function, and
regulation of miR-29b are in high degree in human, mouse
and rat. miR-29b-1 is transcribed into the same primary
transcript from a locus at chromosome 7q32 and separated
by 652 bases, which coincides with the common fragile
site (FRA7H) (Pillai et al., 2007). miR-29b-2 is from the
same transcript located in 1q32 separated by 507 bases
(Garzon et al.,2009). In this review, the research progress
on the miR-29b and its target genes in malignant tumor
will be summarized.

Expression of miR-29b in Malignant Tumors

Nowadays, a large body of surveys reported that
miR-29b was highly expressed in normal tissues and
down-regulated in different types of cancer. The miR-29b

promoter region contains putative E-box Myc binding site
and increased expression of c-Myc repressed the promoter
activity of miR-29b by 50% in cholangiocarcinoma
cells (Mott et al., 2010). Consistent with this finding, a
hedgehog signaling component Gli was identified as a
putative binding site in the human miR-29b promoter
sequence and resulted in down-regulation of miR-29b
expression (Mott et al.,2010). CCAAT/enhancer-binding
protein-o. (CEBPA) was recently found to directly regulate
miR-29b expression in acute myeloid leukemia (AML)
(Eyholzer et al., 2010). Rothschild et al showed that
miR-29b was identified as an important mediator of the
Src-ID1 pathway, controlling lung cancer cell invasion.
(Rothschild et al., 2012).

It was observed that the expression of miR-29b was
down-regulated in a variety of tumor tissues including
gastric cancer, prostate cancer, breast cancer, lung cancer,
etc (Table 1).

The Regulation of miR-29b

The regulation of miR-29b expression occurs in
several different levels: (1) at the chromosome level,
tumor genesis was commonly accompanied with
abnormalities of chromosomes including deletion,
amplification and translocation. In acute myelocytic
leukemia (AML) patients, miR-29b suppression is due
to loss of chromosome 7q or CCAAT-enhancer binding
protein-alpha (CEBPA) deficiency (Eyholzer et al.,2010).
Coincidentally, miR-29b is also correlated with Mcl-1 and
tumor necrosis factor-related apoptosis-inducing ligand
(TRAIL) in cholangiocarcinoma cells, and regulates
Tcl-1 in chronic lymphatic leukemia (CML) cells by 11q
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deletion (Pekarsky et al., 2006).

(2) At the epigenetic level, silencing of tumor
suppressor genes frequently occurs and may account
for their inactivation in cancer cells. A previous study
demonstrated that miR-29b can suppress cytokine
signaling-1 (SOCS-1) expression by inducing promoter
demethylation of SOCS-1 (Amodio et al., 2013). The
miR-29b can also revert the aberrant methylation by
targeting the DNA (cytosine-5)-methyltransferase 3a
(DNMT3a) and DNMT?3b genes (Fabbri et al., 2007).
miR-29b plays an important role in oxLDL-mediated
methylation of matrix metalloproteinase-2 (MMP-2)/
MMP-9 genes (Chen et al.,2011). (3)At the transcriptional
level, the miR-29b cluster is involved in the group of
interferon (IFN)- and signal transducers and activators
of transcription (STAT)-regulated genes (Schmitt et al.,
2012). The miR-29b promoter contains three GATA3-
binding sites. GATA3 increased the activity of the miR29b
promoter, and deletion of the GATA sites diminished
GATA3-mediated reporter induction, demonstrating that
these sites are necessary for the expression of miR-29b
(Chou et al., 2013). In addition, miR-29b sensitizes
multiple myeloma cells to bortezomib-induced apoptosis
through the activation of a feedback loop with the
transcription factor Sp1l (Amodio et al., 2012a).

Functions and Mechanism of miR-29b in
Tumorigenesis and Suppressing Tumor

Proliferation

Proliferation is related to the cell cycle control. As we
known, CDK6 is an important cycle regulators which may
contribute cell death and proliferation. Gene expression
analysis of miR-29b-overexpressing AML cells showed
the suppressive effect on cell cycle regulatory factor
CDKG6 (Garzon et al., 2009). Down-regulation of miR-
29b targets CDKG6 directly and leads to up-regulation of
CDKG6 in mantle cell lymphoma (MCL). Overexpression
of cyclin D1 was always found in MCL, which leads to
the acceleration of G1-S cell-cycle progression. Cyclin D1
overexpression is a primary event and exerts its function
through activation of CDK4/CDK6. miR-29b further
attenuates cell-cycle progression and suppresses tumor
cell proliferation, which demonstrated the cooperation
between CDK6 and cyclin D1 (Zhao et al., 2010). Wang
etal. reported that the tumor-suppressive role of miR-29b
was associated with its promyogenic function by targeting
YY1. Its overexpression inhibited cell proliferation and
induced differentiation of RH30 rhabdomyosarcoma cells
(Wang et al., 2008). In Cortez’s study, they demonstrated
that miR-29b directly targeted the 3’ untranslated region

Table 1. Target Genes for miR-29b and Role in Cancer Etiology

Cancer type Target gene

Biological function Reference

Bladder urothelial carcinoma (BUC)
FOXO1, E2F1,ETF7,YY1,MYC)
DNMT3b
MMP-2
CI1QTNF6, SPARC, COL4A2
Colorectal carcinoma (CRC) ~

MMP-2

Tiaml

Breast carcinoma

transcription factors (PAX3, PAX7, HOXA10, proliferation,

(Xu et al., 2013b)
cell cycle, apoptosis
DNA methylation
invasion and metastasis
invasion

onset and migration
metastasis (Poudyal et al., 2013)
proliferation, metastasis (Wang et al., 2014)

~ (Svoboda et al., 2012)

(Sandhu et al., 2014)
(Zhu et al., 2012)
(Wang et al., 2012a)
(Tan et al., 2013)

Melanoma

Endometrial adenocarcinoma
Gastric carcinoma
Hepatocellular carcinoma

Lung carcinoma

Ovarian carcinoma

Pancreatic carcinoma
Prostate carcinoma

Rhabdomyosarcoma
Cholangiocytes/cholangiocarcinoma
Renal cell carcinoma

Head and neck carcinoma

Thyroid carcinoma

Uterine leiomyoma

Nasopharyngeal carcinoma
Hypopharynx cancer

Glioblastoma

Chronic lymphocytic leukemia (CML)

Acute myeloid leukemia (AML)

Multiple myeloma

IFN-y, STAT-1
insulin growth factor 1 (IGF1)

MMP-2

Snail, TGF-f3,

MEK/ERK, SPARC

Src, inhibitor of DNA
binding/differentiation 1 (ID1)
TGFf1,ID1

PTEN, MAPK4, IGF1

MUCI, DNMT1, DNMT3a, DNMT3b
PTEN

ZNF217,1PO7, VEGF-A, hnRNP-K
Snail

MMP-2

NF-2B,YY1

Mcl-1

SMAD3

Mcl-1

Mcl-1

PDPN

Tcl-1

ABL1, BCR/ABLI1
Mcl-1
NMTI1, DNMT3A, DNMT3B, SP1

DNMT3A, DNMT3B
Mcl-1

regulation of immune
invasion

angiogenesis,

invasion and metastasis
invasion, metastasis,
cell-cycle, proliferation
invasion, metastasis

invasion, metastasis

apoptosis

apoptosis, DNA methylation
methylation

apoptosis, RNA metabolism
invasion, metastasis

invasion, metastasis

cell differentiation

apoptosis

proliferation and differentiation
apoptosis

apoptosis

invasion, apoptosis, proliferation

apoptosis

Proliferation, apoptosis
apoptosis
apoptosis, DNA methylation

DNA methylation

apoptosis

(Schmitt et al., 2012)

(Hiroki et al., 2010)
(Espinosa-Parrilla et al., 2014)
(Zheng et al., 2013)

(Fang et al., 2011)

(Grant et al., 2014)
(Rothschild et al., 2012)

(Teng et al., 2014)

(Dai et al., 2013)

(Dai et al., 2012)

(Wang et al., 2012b)
(Szczyrba et al., 2013)
(Ruetal., 2012)

(Steele et al., 2010)
(Wang et al., 2008)

(Mott et al., 2007)
(Wotschofsky et al., 2012)
(Nurul-Syakima et al., 2011)
(Leone et al., 2012)
(Qiang et al., 2014)
(Sengupta et al., 2008)
(Xu et al., 2013a)

(Aldaz et al., 2013)
(Cortez et al., 2010)
(Papakonstantinou et al., 2013)
(Pekarsky et al., 2006;
Calin et al., 2007)
(Lietal.,2013)

(Garzon et al., 2009)
(Mims et al., 2013)

(Rossi et al., 2013)
(Amodio et al., 2012b)

(Zhang et al., 2011)
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of PDPN and inhibit invasion, apoptosis, and proliferation
of glioblastomas (Cortez et al., 2010). The miR-29b
has been shown to be correlated with good prognosis
in patients with acute myeloid leukemia (AML), and
functions as a tumor suppressor in leukemic blasts by
targeting proliferation pathways, apoptosis and cell cycle
(Garzon et al., 2008). In bladder urothelial cancer (BUC),
miR-29b may be also functionally associated with tumor
proliferation (Xu et al., 2013b).

Promoting Tumor Apoptosis

Aspartate-specific cysteinyl proteases (Caspases) play
an important role in apoptosis. Caspases represent two
central class of molecules that are either involved with the
stimulation of the apoptotic cascade (initiator caspases),
or the various sequential biological pathways required
for its execution (effector caspases) (Alenzi et al., 2010).
miR-29b treated cells inhibited apoptosis with activating
Caspase3, fragmenting poly-ADP-ribose polymerase
(PARP), increasing BAX and decreasing BCL-2 (Li
et al., 2013). In cholangiocytes/cholangiocarcinoma,
miR-29b targeted MCL1, which encoding the Bcl2
family protein, and sensitized tumor cells treated with
tumor necrosis factor-related apoptosis-inducing ligand
(TRAIL) to apoptosis (Mott et al., 2007). miR-29b
combined with MUC1 DNA aptamer which is named
MUCI aptamer-miR-29b chimera (Chi-29b) significantly
induced cell apoptosis in paclitaxel-resistant OVCAR-3
cells and inhibited growth of xenograft OVCAR-3-Taxol
tumors which is associated with the activation of PTEN
signaling and downregulation of MAPK 4 &10 and IGF1
expression. Chi-29 also can inhibit the proliferation of
paclitaxel-resistant OVCAR-3 cells and the growth of
xenograft paclitaxel-resistant ovarian OVCAR-3 tumors
through reducing Aldehyde dehydrogenase 1 (ALDH1)
positive cells by activating the PTEN-Akt-Bax apoptosis
pathway and down-regulating the miR-29b-targeted
gene expression (Dai et al., 2013). Futhermore, miR29b
upregulated p53 expressionand promotedapoptosis by
directly controlling MCL1 and repressing PIK3R1 (p85a)
and CDC42, both of which negatively regulate p53 (Park
et al., 2009).

Inhibiting Tumor Invasion and Metastasis

The epithelial-mesenchymal transition (EMT) is a
process by which epithelial cells lose their cell polarity
(marker: e.g., E-cadherin) and cell-cell adhesion, and gain
migratory and invasive properties to become mesenchymal
stem cells (marker: e.g., N-cadherin), it refers to the cancer
progression in which epithelial cells acquire mesenchymal
features with high abilities of invasiveness and metastasis
under various factors. Emerging evidence has shown
associations of miRNAs with crucial cell processes such
as the EMT (Orang et al., 2014). The suppression of
EMT by miR-29b has been reported in various human
cancers (Table 1). In accord with these data, miR-29b
directly targets site in the 3°UTR of snail to inhibit tumor
metastasis in prostate cancer cells. Consistently, exogenous
expression of miR-29b inhibits Mcl-1 and MMP-2 protein
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expression, and affects metastatic cascade including tumor
invasion, motility, cellular survival, and proliferation
(Ru et al., 2012). Tiam1, overexpressed in CRC, was
validated as a target of miR-29b by binding directly in
the Tiam1 3’UTR. The previous studies have reported
that lentivirus-mediated RNAI resulted in the effective
inhibition of in vitro cell growth and of the invasive ability
of CRC cells (Liu et al., 2006). Tiam1 transgenic mice,
which developed larger and more aggressive neoplasm
than wt mice, suggesting its causal role in CRC metastasis
(Yu et al., 2013). Tiaml introduction can rescue miR-
29b mediated biological behaviors, suggestting that the
inhibitory effect of miR-29b is mediated in part through
the repression of Tiam1 expression (Wang et al., 2014).
GATA3 induces the expression of miR-29b, which in turn
represses a network of prometastatic microenvironmental
components, including ANGPTL4, LOX, MMP9 and
VEGF-A (Melo and Kalluri, 2013), suggesting GATA3-
miR-29b regulatory axis can inhibiting tumor invasion
and metastasis. Consistently, miR-29b can lead to a partial
blocking of TGFfB1-induced EMT by repressing inhibitor
of DNA binding 1 (Id-1), a novel marker of ovarian cancer
progression (Teng et al., 2014).

Protecting Normal Cell by Regulating the
Adaptive Immune System

Human immune system against tumors, and the
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Figure 2. miR-29b Protects Normal Cell by Regulating
the Adaptive Immune System. Through the expression of
miR-29b, T cells are finely balanced in the Th1-Th2 cell fate
decision. This fine balance allows external microenvironmental
factors to influence the cell fate decision, allowing the adaptive

immune response to be highly responsive to the context of
infection
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ability to detect tumor cells as non-self and destroy
them is called immunosurveillance. Recent research
has identified miR-29b as a critical regulator of key
processes in adaptive immunity. miR-29b displayed three
main functions in adaptive immunity: (1) controlling
over thymic production of T cells by modulating the
threshold for infection-associated thymic involution: the
thymic involution results a >90% reduction in thymus
size and a corresponding reduction in T cell generation.
The type I interferons (IFNo and IFNp) is one of the key
molecular mechanisms that underpin thymic involution.
The thymic epithelium to respond to infections via type
I IFN pathway by minimizing thymic function (Viral
infection of the thymus).However, the exploitation of an
evolutionarily conserved pathway creates the potential
issue of perpetual thymic involution. The miR-29b
tunes type I IFN signaling in thymic epithelial cells by
inhibiting the production of IFNAR1 (Papadopoulou
et al., 2011). The expression of miR-29b retains type
I IFN in the point where involution does not occur in
response to baseline or commensal production, but the
capacity to appropriately respond to major infections is
maintained. (2) Creating a threshold for T cell polarization:
the expression of miR-29b in mature CD4 T cells is
critical for setting the threshold for the Th1/Th2 cell fate
decision. In CD4/CD8 T cell and NK cell lineages, both
of these cell types reduce miR-29b following exposure to
intracellular bacteria removes this counterbalancing force
and initiates appositive feedback loop of enhanced IFNy
production and increased resistance to infection (Ma et
al., 2011; Steiner et al., 2011). (3) Setting the threshold
for lymphoid oncogenesis: thTe upregulation of miR-29b
is likely to be a key event in malignant transformation.
Transgenic mice overexpressing miR-29b in B cell show
an expansion of CD5+CD19+IgM+ B cells which is same
to the findings in indolent B cell chronic lymphocytic
leukemia (B-CLL), suggesting its oncogenic function in B
cell. In aggressive B-CLL, however, miR-29b may directly
target several important oncogenes. Consistent with the
findings in other types of cancer, miR-29b probably shows
a tumor suppressive function in B cell (Santanam et al.,
2010; Kincaid et al., 2012; Liston et al., 2012). Thus,
miR-29b can protect normal cells by regulating tumor
immunosurveillance.

Conclusion

Numerous studies have shown that the down-regulated
expression of microRNA miR-29b could be detected in
many different types of cancer, and the dysregulatedmiR-
29b is associated with tumor stage, tumor metastasis and
prognosis. On the base of the facts that miRNAs exist in
tumor tissues and circulating blood, miR-29b might be
served as predictive biomarkers associated with tumor
diagnosis, chemoresistance and prognostic for survival
in patients with cancer.

Focusing on the biological regulatory mechanism,
current studies show the promising targets for tumor
therapy by interfering with the expression of miR-29b,
which offers the possibility of using synthetic miR-29b
or its inhibitor as a novel treatment for cancer. Strong
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evidence was needed by further exploring the mechanisms
or miR-29b’s biological function as well as their clinical
implications in cancer.

Acknowledgements

This work was supported by the Guangdong Natural
Science Funds for Distinguished Young Scholar
(S20120011334), Guangdong Natural Science Foundation
(S2012040006418).

References

Aldaz B, Sagardoy A, Nogueira L, et al (2013). Involvement
of miRNAs in the differentiation of human glioblastoma
multiforme stem-like cells. PLoS One, 8.

Alenzi FQ, Lotfy M, Wyse R (2010). Swords of cell death:
caspase activation and regulation. Asian Pac J Cancer Prev,
11, 271-80.

Amodio N, Bellizzi D, Leotta M, et al (2013). miR-29b induces
SOCS-1 expression by promoter demethylation and
negatively regulates migration of multiple myeloma and
endothelial cells. Cell Cycle, 12, 3650-62.

Amodio N, Di Martino MT, Foresta U, et al (2012a). miR-29b
sensitizes multiple myeloma cells to bortezomib-induced
apoptosis through the activation of a feedback loop with the
transcription factor Spl. Cell Death Dis, 29, 175.

Amodio N, Leotta M, Bellizzi D, et al (2012b). DNA-
demethylating and anti-tumor activity of synthetic miR-29b
mimics in multiple myeloma. Oncotarget, 3, 1246-58.

Bartel DP (2009). MicroRNAs: target recognition and regulatory
functions. Cell, 136, 215-33.

Calin GA, Pekarsky Y, Croce CM (2007). The role of microRNA
and other non-coding RNA in the pathogenesis of chronic
lymphocytic leukemia. Best Pract Res Clin Haematol, 20,
425-37.

Chen KC, Wang YS, Hu CY, et al (2011). OxLDL up-regulates
microRNA-29b, leading to epigenetic modifications
of MMP-2/MMP-9 genes: a novel mechanism for
cardiovascular diseases. Faseb J, 25, 1718-28.

Chou J, Lin JH, Brenot A, et al (2013). GATA3 suppresses
metastasis and modulates the tumour microenvironment
by regulating microRNA-29b expression. Nat Cell Biol,
15,201-13.

Cortez MA, Nicoloso MS, Shimizu M, et al (2010). miR-29b
and miR-125a regulate podoplanin and suppress invasion
in glioblastoma. Genes Chromosomes Cancer, 49, 981-90.

Dai F, Zhang Y, Zhu X, et al (2012). Anticancer role of MUC1
aptamer-miR-29b chimera in epithelial ovarian carcinoma
cells through regulation of PTEN methylation. Target Oncol,
7,217-25.

Dai F, Zhang Y, Zhu X, et al (2013). The anti-chemoresistant
effect and mechanism of MUC1 aptamer-miR-29b chimera
in ovarian cancer. Gynecol Oncol,131,451-9.

Espinosa-Parrilla Y, Munoz X, Bonet C, et al (2014). Genetic
association of gastric cancer with miRNA clusters including
the cancer-related genes MIR29, MIR25, MIR93 and
MIR106: Results from the EPIC-EURGAST study. Int J
Cancer, 18, 28850.

Eyholzer M, Schmid S, Wilkens L, et al (2010). The tumour-
suppressive miR-29a/b1 cluster is regulated by CEBPA and
blocked in human AML. Br J Cancer, 103, 275-84.

Fabbri M, Garzon R, Cimmino A, et al (2007). MicroRNA-29
family reverts aberrant methylation in lung cancer by
targeting DNA methyltransferases 3A and 3B. Proc Natl
Acad Sci U S A, 104, 15805-10.



Fang JH, Zhou HC, Zeng C, et al (2011). MicroRNA-29b
suppresses tumor angiogenesis, invasion, and metastasis
by regulating matrix metalloproteinase 2 expression.
Hepatology, 54, 1729-40.

Garzon R, Garofalo M, Martelli MP, et al (2008). Distinctive
microRNA signature of acute myeloid leukemia bearing
cytoplasmic mutated nucleophosmin. Proc Natl Acad Sci
U S A, 105, 3945-50.

Garzon R, Heaphy CE, Havelange V, et al (2009). MicroRNA
29b functions in acute myeloid leukemia. Blood, 114,
5331-41.

Grant JL, Fishbein MC, Hong LS, et al (2014). A novel molecular
pathway for snail-dependent, SPARC-mediated invasion in
non-small cell lung cancer pathogenesis. Cancer Prev Res,
7, 150-60.

Hiroki E, Akahira J, Suzuki F, et al (2010). Changes in microRNA
expression levels correlate with clinicopathological features
and prognoses in endometrial serous adenocarcinomas.
Cancer Sci, 101, 241-9.

Kavitha N, Vijayarathna S, Jothy SL, et al (2014). MicroRNAs:
Biogenesis, Roles for Carcinogenesis and as Potential
Biomarkers for Cancer Diagnosis and Prognosis. Asian Pac
J Cancer Prev, 15,7489-97.

Kincaid RP, Burke JM, Sullivan CS (2012). RNA virus
microRNA that mimics a B-cell oncomiR. Proc Natl Acad
Sci US A,109,3077-82.

Kozomara A, Griffiths-Jones S (2011). miRBase: integrating
microRNA annotation and deep-sequencing data. Nucleic
Acids Res, 39, 30.

Leone V, D’Angelo D, Pallante P, et al (2012). Thyrotropin
regulates thyroid cell proliferation by up-regulating miR-
23b and miR-29b that target SMAD3. J Clin Endocrinol
Metab,97,3292-301.

LiY,Wang H,Tao K, et al (2013). miR-29b suppresses CML cell
proliferation and induces apoptosis via regulation of BCR/
ABLI protein. Exp Cell Res, 319, 1094-101.

Liston A, Papadopoulou AS, Danso-Abeam D, et al (2012).
MicroRNA-29 in the adaptive immune system: setting the
threshold. Cell Mol Life Sci, 69,3533-41.

Liu L, Zhang Q, Zhang Y, et al (2006). Lentivirus-mediated
silencing of Tiam1 gene influences multiple functions of
a human colorectal cancer cell line. Neoplasia, 8,917-24.

MaF, Xu S, Liu X,etal (2011). The microRNA miR-29 controls
innate and adaptive immune responses to intracellular
bacterial infection by targeting interferon-gamma. Nat
Immunol, 12, 861-9.

Melo SA, Kalluri R (2013). miR-29b moulds the tumour
microenvironment to repress metastasis. Nat Cell Biol, 15,
139-40.

Mims A, Walker AR, Huang X, et al (2013). Increased
anti-leukemic activity of decitabine via AR-42-induced
upregulation of miR-29b: a novel epigenetic-targeting
approach in acute myeloid leukemia. Leukemia, 27, 871-8.

Mott JL, Kobayashi S, Bronk SF, et al (2007). mir-29 regulates
Mcl-1 protein expression and apoptosis. Oncogene, 26,
6133-40.

Mott JL, Kurita S, Cazanave SC, et al (2010). Transcriptional
suppression of mir-29b-1/mir-29a promoter by c-Myc,
hedgehog, and NF-kappaB. J Cell Biochem, 110, 1155-64.

Nurul-Syakima AM, Yoke-Kqueen C, Sabariah AR, et al (2011).
Differential microRNA expression and identification of
putative miRNA targets and pathways in head and neck
cancers. Int J Mol Med, 28, 327-36.

Orang AV, Safaralizadeh R, Hosseinpour Feizi MA, et al (2014).
Diagnostic and prognostic value of miR-205 in colorectal
cancer. Asian Pac J Cancer Prev, 15,4033-7.

Papadopoulou AS, Dooley J, Linterman MA, et al (2011).

Asian Pacific Journal of Cancer Prevention, Vol 15, 2014

DOI:http://dx.doi.org/10.7314/APJCP.2014.15.21.9059
microRNA-29b: an Emerging Player in Human Cancer

The thymic epithelial microRNA network elevates the
threshold for infection-associated thymic involution via
miR-29a mediated suppression of the IFN-alpha receptor.
Nat Immunol, 13, 181-7.

Papakonstantinou N, Ntoufa S, Chartomatsidou E, et al (2013).
Differential microRNA profiles and their functional
implications in different immunogenetic subsets of chronic
lymphocytic leukemia. Mol Med, 19, 115-23.

Park SY, Lee JH, Ha M, et al (2009). miR-29 miRNAs activate
p53 by targeting p85 alpha and CDC42. Nat Struct Mol
Biol, 16,23-9.

Pekarsky Y, Santanam U, Cimmino A, et al (2006). Tcll
expression in chronic lymphocytic leukemia is regulated by
miR-29 and miR-181. Cancer Res, 66, 11590-3.

Pillai RS, Bhattacharyya SN, Filipowicz W (2007). Repression
of protein synthesis by miRNAs: how many mechanisms?
Trends Cell Biol, 17, 118-26.

Poudyal D, Cui X,Le PM, et al (2013). Akey role of microRNA-
29b for the suppression of colon cancer cell migration by
American ginseng. PLoS One, 8.

Qiang W, Liu Z, Serna VA, et al (2014). Down-regulation of
miR-29b is essential for pathogenesis of uterine leiomyoma.
Endocrinology, 155, 663-9.

Rossi M, Pitari MR, Amodio N, et al (2013). miR-29b
negatively regulates human osteoclastic cell differentiation
and function: implications for the treatment of multiple
myeloma-related bone disease. J Cell Physiol,228,1506-15.

Rothschild SI, Tschan MP, Federzoni EA, et al (2012).
MicroRNA-29b is involved in the Src-ID1 signaling
pathway and is dysregulated in human lung adenocarcinoma.
Oncogene, 31,4221-32.

Ru P, Steele R, Newhall P, et al (2012). miRNA-29b suppresses
prostate cancer metastasis by regulating epithelial-
mesenchymal transition signaling. Mol Cancer Ther, 11,
1166-73.

Sandhu R, Rivenbark AG, Mackler RM, et al (2014).
Dysregulation of microRNA expression drives aberrant
DNA hypermethylation in basal-like breast cancer. Int J
Oncol, 44, 563-72.

Santanam U, Zanesi N, Efanov A, et al (2010). Chronic
lymphocytic leukemia modeled in mouse by targeted miR-
29 expression. Proc Natl Acad Sci U S A,107, 12210-5.

Schmitt MJ, Philippidou D, Reinsbach SE, et al (2012).
Interferon-gamma-induced activation of Signal Transducer
and Activator of Transcription 1 (STAT1) up-regulates the
tumor suppressing microRNA-29 family in melanoma cells.
Cell Commun Signal, 10, 10-41.

Sengupta S, den Boon JA, Chen IH, et al (2008). MicroRNA
29c is down-regulated in nasopharyngeal carcinomas, up-
regulating mRNAs encoding extracellular matrix proteins.
Proc Natl Acad Sci USA, 105, 5874-8.

Steele R, Mott JL, Ray RB (2010). MBP-1 upregulates
miR-29b that represses Mcl-1, collagens, and matrix-
metalloproteinase-2 in prostate cancer cells. Genes Cancer,
1,381-7.

Steiner DF, Thomas MF, Hu JK, et al (2011). MicroRNA-29
regulates T-box transcription factors and interferon-gamma
production in helper T cells. Immunity, 35, 169-81.

Svoboda M, Sana J, Fabian P, et al (2012). MicroRNA
expression profile associated with response to neoadjuvant
chemoradiotherapy in locally advanced rectal cancer
patients. Radiat Oncol,7,7-195.

Szczyrba J, Nolte E, Hart M, et al (2013). Identification of
ZNF217, hnRNP-K, VEGF-A and IPO7 as targets for
microRNAs that are downregulated in prostate carcinoma.
Int J Cancer,132,775-84.

Tan YG, Zhang YF, Guo CJ, et al (2013). Screening of

9063



Hao Liu et al

differentially expressed microRNA in ulcerative colitis
related colorectal cancer. Asian Pac J Trop Med, 6,972-6.

Teng Y, Zhao L, Zhang Y, et al (2014).1d-1, a protein repressed
by miR-29b, facilitates the tgfbetal-induced epithelial-
mesenchymal transition in human ovarian cancer cells. Cell
Physiol Biochem, 33,717-30.

Wang B, Li W, Liu H, et al (2014). miR-29b suppresses
tumor growth and metastasis in colorectal cancer via
downregulating Tiam1 expression and inhibiting epithelial-
mesenchymal transition. Cell Death Dis, 5, 1335.

Wang C, Gao C, Zhuang JL, et al (2012a). A combined
approach identifies three mRNAs that are down-regulated
by microRNA-29b and promote invasion ability in the
breast cancer cell line MCF-7. J Cancer Res Clin Oncol,
138, 2127-36.

Wang H, Garzon R, Sun H, et al (2008). NF-kappaB-YY1-
miR-29 regulatory circuitry in skeletal myogenesis and
rhabdomyosarcoma. Cancer Cell, 14, 369-81.

Wang X, Zhao J, Huang J, et al (2012b). The regulatory roles of
miRNA and methylation on oncogene and tumor suppressor
gene expression in pancreatic cancer cells. Biochem Biophys
Res Commun, 425, 51-7.

Wotschofsky Z, Liep J, Meyer HA, et al (2012). Identification
of metastamirs as metastasis-associated microRNAs in clear
cell renal cell carcinomas. Int J Biol Sci, 8, 1363-74.

Xu CZ, Shi RJ, Chen D, et al (2013a). Potential biomarkers for
paclitaxel sensitivity in hypopharynx cancer cell. Int J Clin
Exp Pathol, 6,2745-56.

Xu F, Zhang Q, Cheng W, et al (2013b). Effect of miR-29b-1*
and miR-29¢ knockdown on cell growth of the bladder
cancer cell line T24. J Int Med Res, 41, 1803-10.

Yu LN, Zhang QL, Li X, et al (2013). Tiam1 transgenic mice
display increased tumor invasive and metastatic potential
of colorectal cancer after 1,2-dimethylhydrazine treatment.
PLoS One, 8,73077.

Zhang YK, Wang H, Leng Y, et al (2011). Overexpression of
microRNA-29b induces apoptosis of multiple myeloma
cells through down regulating Mcl-1. Biochem Biophys Res
Commun, 414, 233-9.

Zhao JJ, Lin J, Lwin T, et al (2010). microRNA expression
profile and identification of miR-29 as a prognostic marker
and pathogenetic factor by targeting CDK6 in mantle cell
lymphoma. Blood, 115, 2630-9.

Zheng JJ, Yu FJ, Dong PH, et al (2013). Expression of miRNA-
29b and its clinical significances in primary hepatic
carcinoma. Zhonghua Yi Xue Za Zhi, 93, 888-91 (in Chinese).

ZhuJ, Li X, Kong X, et al (2012). Testin is a tumor suppressor
and prognostic marker in breast cancer. Cancer Sci, 103,
2092-101.

9064 Asian Pacific Journal of Cancer Prevention, Vol 15, 2014



