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Abstract MicroRNAs (miRNAs) are small noncoding RNA
molecules which regulate the target gene expression
posttranscriptionally. Increasing studies have shown that
microRNAs play important roles in multiple biological path-
ways. For instance, aberrant expression of microRNA-224
(miR-224) plays a vital role in tumor biology in various types
of human cancer. Here, we aim to summarize the molecular
mechanisms that lead to the overexpression of miR-224 in
cancers, analyze the effect of miR-224 on tumor biology,
and reveal the clinical significance of miR-224. MiR-224 reg-
ulates its targets by modulating messenger RNA (mRNA)
stability and/or protein translation, and it would provide new
insight into molecular targeting cancer treatment.
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Introduction

MicroRNAs (miRNAs) are highly conserved, approximately
22 nucleotide-long, and noncoding RNA molecules that play
a vital role in regulatingmessenger RNA (mRNA) expression.
MiRNAs repress translation or induce degradation of their
target mRNAs through binding to the 3′untranslated region
(UTR) [1–3]. Dysregulation of miRNAs participate in a wide
range of biological processes such as oncogenesis, apoptosis,
proliferation, metastasis, invasion, and even drug resistance
[4–6]. MiR-224 is a commonly dysregulated miRNA in hu-
man cancers such as glioma, cervical cancer, lung adenocar-
cinoma, prostate cancer (PCa), breast cancer (BRC), hepato-
cellular carcer (HCC), and colorectal cancer (CRC) [7]. In this
review, we will focus on the functions of miR-224 in tumor
development, progression, treatment as well as prognosis.
With a clear understanding of miR-224, we will partly reveal
the cross talk between miR-224 and cancers.

The regulation of miR-224 expression

MiR-224 is a commonly dysregulated microRNA in most
cancers, which affects crucial cellular processes. MiR-224-
residing locus in chromosome Xq28 and the transcript expres-
sion of miR-224 and gene on chromosome Xq28 are upregu-
lated in HCC. Histone acetylation was reported to play critical
roles in the activation of the expression of miR-224 and its
associated Xq28 gene. Beside, E1A binding protein p300
(EP300) may account for the upregulation of miR-224 expres-
sion in HCC. EP300 is upregulated and displays increased
binding to the Xq28 locus which activates expression of
miR-224 by increasing histone acetylation [8]. NF-κB inflam-
matory pathways may be another regulator mechanism behind
miR-224 upregulated in HCC. ChIP analysis showed that p65/
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NF-κB is important for the miR-224 promoter and exoge-
nously expressed p65/RelA activates the miR-224 promoter.
Moreover, LPS, LTα, and TNFα increase miR-224 expres-
sion through activating transcription of the miR-224 promoter.
Altogether, above findings link the inflammatory signals to
NF-κB-mediated upregulated expression of miR-224 [9].
Knoll et al. reported that miR-224 was significantly increased
in advanced melanoma cell and the transcription factor E2F1
may account for this phenomenon. MiR-224 is located in the
gamma-aminobutyric acid (GABA), a receptor epsilon gene
(GABRE), and its expression is directly activated by E2F1
through transactivation of the GABRE gene [10]. Ning et al.
study showed that the expression of miR-224 could be regu-
lated by angiotensin II (Ang II). Ang II significantly acceler-
ated the expression of miR-224 in adult rat cardiac fibroblasts
[11].MiR-224 expression is regulated by transforming growth
factor-beta (TGF-β)1/Smads pathway. The activation of
TGF-β1 can induce upregulation of miR-224 through accel-
erating phosphorylation of the downstream effectors Smad2/3
in granulosa cell (GC) [12]. Hypoxia-inducible factor 1 alpha
(HIF1A) is increased in TGF-β1 pathway-expressingmelano-
ma cells and that HIF1A upregulates the expression of miR-
224 [13]. On the contrary, the expression of miR-224 was
reported to be suppressed by the tumor suppressor gene p53
and NF-κB p65 subunit in follicular granulosa cell. TGF-β1
enhanced the binding of p53 and p65 to miR-224 host gene,
the proximal promoter region of GABAA receptor ε subunit
(miR-224 host gene). P53 and p65 bind with miR-224 host
gene and inactivate the GABAA receptor ε subunit promoter
in GC [14]. Ubc9 is an E2 conjugating enzyme that transfers
the activated small ubiquitin-related modifier and may be a
regulator of miRNA expression. The ectopic expression of
Ubc9 induces downregulated expression of miR-224. It is
not clear how Ubc9 regulates miR-224 expression. Available
evidence suggests that Ubc9-mediated inhibition of miR-224
is more likely to occur at the transcriptional level [15]. Eluci-
dating the mechanism of miR-224 regulation will contribute
to offering valuable insights in evaluating the clinical signifi-
cance of miR-224 as a potential biomarker for cancer (Fig. 1).

MiR-224 affects tumor biology

MiR-224 in tumorigenesis

Tumorigenesis is a multi-step process during which the nor-
mal cells attain genetic and epigenetic alterations, which can
enhance the growth and survival of normal cells, and the
transformed cells may eventually obtain some characteristics,
for instance apoptosis-resistant, growth-independent, tissue-
invasive, and/or metastatic [16]. Many recent studies demon-
strate that aberrant plasma miRNAs are found in various types
of cancers, and their expression are associated with

tumorigenesis by affecting posttranscriptional gene expres-
sion [17, 18]. The dysregulated miR-224 is associated with
tumorigenesis of various tumors. MiR-224 plays an important
role in inflammatory bowel disease (IBD) cancer carcinogen-
esis through participating in cell cycle regulation. MiR-224
regulates the G1–S checkpoint through targeting and
inhibiting a key cell cycle regulator P21 [19]. P21 as a regu-
lator of cyclin-dependent kinases (CDKs) was reported to be a
key protein in cell proliferation suppression and play a vital
role in maintaining the integrity of the genome [20]. MiR-224
promotes HCC tumorigenesis through targeting and silencing
Smad4 gene. Smad4 contains two miR-224-binding sites in
the 3′untranslated region and acts as a tumor suppressor role
[21]. It was also reported that miR-224 acts as an oncogenic
role in the cellular processes by targeting Smad4 in CRC [22].
The ectopic expressions of miRNAs may act as oncogenes
which are closely related to the cancer development, and dif-
ferent signatures of miRNA expression distinguish the cancer
cells from the normal ones [23].

MiR-224 in cell proliferation and apoptosis

Cell proliferation and apoptosis are indispensable yet opposite
cellular processes. The cross talk between these processes
promotes a balance between the proliferation and apoptosis.
Increasing studies have shown that miRNAs have important
roles in cancer processes, including cell proliferation and ap-
optosis [24]. MiR-224 enhances the growth ability of CRC
cells through accelerating the G1–S phase transition. MiR-
224 decreases levels of PH domain leucine-rich-repeat protein
phosphatase 1 (PHLPP1), and PHLPP2 may be the potential
mechanism. PHLPP1 and PHLPP2 inhibit PI3K/AKT/

Fig. 1 The expression of miR-224 is regulated by various important
signaling pathways such as NF-κB signaling pathway and TGF-β
signaling pathways. A lot of regulated factors participate in inducing
miR-224 expression, including EP300, LPS, LTα, TNFα, E2F1,
HIF1A, P53, p65, and Ubc9. It is not clear how Ubc9 and Ang II
regulate miR-224 expression. Some regulated factors, like LPS, LTα,
TNFα, P53, and p65 are involved in NF-κB inflammatory pathways.
TGF-β1-induced miR-224 expression through regulating Smad2/3 and
HIF1A
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FOXO3a signaling through dephosphorylating AKT. The ac-
tivation of PI3K/AKT/FOXO3a signaling restrains expression
of p21Cip1 and p27Kip1 and increases expression level of
cyclin D1 which may promote proliferation of CRC cells
[25]. MiR-224 inhibits the expression of PPP2R1B, which
most likely results in the change of the AKT signaling path-
way and increasing the cell abilities of proliferation and even
migration and invasion in HCC [26]. Furthermore, miR-224
promotes TGF-β-induced cell proliferation by targeting
Smad4. Smad4 as a mediator of TGF-β pathway participates
in the inhibition of cell proliferation [12]. The upregulated
miR-224 reduces the expression of TRIB1 via targeting the
mRNA of TRIB1. Either upregulated miR-224 or downregu-
lated TRIB1 gene expression could reduce the migration ac-
tivities and increase the apoptotic rates of prostate cancer cells
[27]. TRIB1 belongs to the tribbles family [28] and promotes
aggressive growth of cancer cell probably by interacting with
the receptor tyrosine kinase/mitogen-activated protein kinase
(MAPK) pathway [29]. In gastric cancer, miR-224 regulates
cell apoptosis through targeting Raf kinase inhibitor protein
(RKIP). The downregulated RKIP increases cell viability and
the S-phase fraction, concomitant with a reduction in cell ap-
optosis [30]. RKIP participates in several critical signal trans-
duction pathways, such as the MAPK signaling pathway, and
regulates some important biological characteristics, including
cell division, growth, proliferation, cycle, and apoptosis [31].
It is well known that miRNAs can restrain the expression of
targeted genes, but recent researches confirm that they can
also increase the transcription and translation of various genes
[32]. It was reported that the overexpression of miR-224-
mediated upregulation of MAPK1 and B cell lymphoma 2
(BCL-2) which are crucial factors for the regulation of cell
survival and cell proliferation. Sustained activation of
MAPK1 and BCL-2 plays an important role in cell viability
at the early stage of rVacA-induced apoptosis; thus, the over-
expression of miR-224 can promote survival and proliferation
of cells by increasing the expression of MAPK1 and BCL-2
[33]. The upregulated miR-224 promotes apoptotic cell death
via targeting apoptosis inhibitor-5 (API-5) and suppressing the
expression of API-5 gene [34]. API-5 is a protein with potent
antiapoptotic signaling in tumor cells and acts as a suppressor
of apoptosis mediated by E2 promoter-binding factors [35].
The downregulated miR-224 suppresses malignant meningi-
oma cell growth and results in the enhancement of cell apo-
ptosis through activation of the ERG2-BAK-induced apopto-
sis pathway [36]. These findings indicate that miR-224 plays
an indispensable role in not only cell proliferation but also
apoptosis of tumor cells. The dysregulated miR-224 in multi-
ple cancers affects cell proliferation and apoptosis by targeting
various genes and regulates the balance of interactions
in cell apoptosis. The dynamic balance determines the
final observed phenotype of the miR-224 function in
tumor cells (Fig. 2).

MiR-224 regulates cell invasion and migration

The invasion and migration of tumor cells are the major risk
factors to cancer patients. The phenotype of cell invasion and
migration can be modulated through regulating the associated
signaling pathways and functional proteins. There is increas-
ing evidence that miRNAs could play a vital role in regulating
tumor progression and invasion [37]. CDC42, PAK2, and
CDH1 are targets of miR-224, and their expression levels
have an inverse correlation with miR-224 in HCC. CDC42
and CDH1 can suppress cell–cell adhesion, and the downreg-
ulation of either PAK2 or CDC42 causes spindle misorienta-
tion and results in daughter cells failing to retain connection to
the substratum after cell division [34]. Upregulation of miR-
224 inhibits cytoskeletal composition changes from global to
filamentous-actin via targeting Cdc42 and restraining the cell
motility and the formation of lamellipodia, thereby suppress-
ing CRC cell migration [38]. Cdc42 belongs to Rho family
GTPases and participates in Rho family GTPase signaling
pathways which play an important role in regulating cellular
proliferation, morphology, and transformation. PAKs are spe-
cific downstream effectors for Rho family GTPases and that
they mediate the Rho family GTPase effects on the cell me-
tastasis [39]. The upregulated miR-224 in HCC cells alters cell
migration and invasion abilities by influencing PAK4 and
MMP-9 expression [40]. PAK4 can regulate cell morphology
and motility while MMP-9, an inhibitor of collagen IV and
laminin-5, can assist metastatic cancerous cells to pass
through the basement membrane [41, 42]. Further study con-
firmed that miR-224-induced upregulation of the tumor
invasion-associated proteins p-PAK4 and MMP-9 by
targeting HOXD10. MiR-224/HOXD10/p-PAK4/MMP-9

Fig. 2 MiR-224 regulates cell proliferation and apoptosis via regulating
expressions of various target genes, such as PHLPP, PPP2R1B, Smad4,
TRIB1, RKIP, BCL-2, ERG2, and API-5. By targeting various genes,
miR-224 participates in multiple signaling pathway, including AKT
singling pathway, TGF-β singling pathway as well as MAPK singling
pathway, which can influence proliferation and apoptosis abilities of
cancer cell
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signaling may be a regulatory pathway in the regulation of cell
migration and invasion [43]. TGF-β/Smad4 signaling was
reported to be regualted by miR-224, and the inhibition of
TGF-β/Smad4 signaling could enhance migration and inva-
sive ability of CRC cell [44]. MiR-224 reduces expression
level of methyl-CpG-binding domain protein 2 (MBD2) and
negatively correlates with metastatic abilities of cancer.
MBD2 restrains the expression of metastasis suppressor
maspin through silencing the gene encoding maspin in meta-
static cells [45]. Maspin participates in regulating PI3K and
ERK1/2 activities concomitant with a decrease in cell motility
and an increase in cell adhesion [46]. MiR-224 reduces mi-
gration and invasion abilities of PCa cell through targeting
oncogenic TPD52 and silence TPD52 gene expression [47].
Previous study has indicated that TPD52 activates the
protein kinase B (PKB)/Akt pathway via integrin and
promotes prostate cancer cell migration [48]. MiR-224-
induced cancer cell metastasis and invasion are directly
mediated by RKIP suppression [30, 49]. In addition,
RKIP is supposed to inhibit MAP kinase signaling in
response to growth factors through binding to Raf-1 and
preventing Raf-1-mediated phosphorylation of MEK/
MAP kinase [50, 51] (Fig. 3).

MiR-224 regulates tumor cell invasion and metastasis
through suppressing its targets and, in turn, activating/
inhibiting a pro-metastatic gene. Furthermore, ectopic expres-
sion of miR-224 influences expressions of its various target
genes in cancer cell lines, highlighting a miR-224-mediated

regulatory network potentially important for cell invasion and
migration.

MiR-224 associates with hormone release

MiR-224 that targets type 1 iodothyronine deiodinase (DIO1)
may account for tissue hypothyroidism in renal cancer. DIO1
as a target of miR-224 catalyzes the conversion of
prohormone thyroxine to the active thyroid hormone 3,3′,5-
triiodothyronine (T3). The overexpression of miR-224 nega-
tively correlated with expressions of DIO1 and intracellular
T3 in renal cancer. T3 is a regulator of key cellular processes,
including differentiation, apoptosis proliferation, and metabo-
lism [52]. Further studies suggest the regulatory feedback loop
between T3 and miR-224. T3 actions are mediated by thyroid
hormone receptors (TRs), which includes thyroid hormone
receptor alpha (THRA) and THRB. The upregulated T3 in-
creases expression of TRs and DIO1 and decreases expression
of GABRE gene. It was also demonstrated that downregulated
expression of THRA led to overexpression of miR-224 but
did not change the level of GABRE gene. While, silencing of
THRB increased the expression of miR-224 and GABRE
gene [53]. It was reported that miR-224 expression is regulat-
ed by TGF-β1/Smads pathway. The overexpression of miR-
224 not only enhances TGF-β1-induced GC proliferation but
also promotes estradiol release through targeting Smad4. In
addition, both TGF-1 and miR-224 can increase estradiol re-
lease from GC partly through increasing CYP19A1 (a key
enzyme in E2 biosynthesis) mRNA levels. E2 increases cell
proliferation and inhibits miR-21 expression in an estrogen
receptor-dependent manner in MCF-7 cells [12] (Fig. 4).

Clinical significance of miR-224

MiR-224 affects cancer therapy

As a vital emerging modulator in cellular pathways, miR-224
plays an important role in cancer therapy. Targeting miR-224
may have a dramatic effect on therapeutic strategy for human
cancers in the future. Chemoresistance is one of the main
drawbacks and obstacles toward cancer therapy. The
chemoresistance is largely attributed to genetic and epigenetic
modifications as well as the ectopic expression of miRNAs.
MiR-224 promotes cisplatin resistance of lung adenocarcino-
ma cells via regulating G1/S cell cycle transition and apopto-
sis. MiR-224 influences the G1/S transition of cell cycle and
apoptosis in lung adenocarcinoma cells through the intrinsic
mitochondrial death pathway and the p21WAF1/CIP1-pRb
pathway [54]. MiR-224 relates to methotrexate (MTX) resis-
tance via targeting CDS2, HSPC159, and SLC4A4 in colon
cancer. MiR-224-induced downregulation of CDS2,
HSPC159, and SLC4A4 leads to increasing MTX sensitivity

Fig. 3 MiR-224 significantly affects cancer cell invasion and metastasis
by activating/inhibiting some important signaling pathway such as Rho
family GTPase signaling pathways, HOXD10/p-PAK4/MMP-9 signaling
pathway, TGF-β/Smad4 signaling pathway, Akt/PKB pathway, and
MEK/MAPK signaling pathway. A series of miR-224 targets play an
important role in the process of invasion and metastasis such as
CDC42, PAKs, CDH1, MMP-9, HOXD10, Smad4, MBD2, TPD52,
and RKIP
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of HT29 cells [55]. MiR-224 relates to the effect of celastrol
on the inhibition of migration and invasion of HCC Cells.
NF-κB signaling pathway is a direct transcriptional regulator
of miR-224 expression and plays an important role in tumor
cell metastasis. Both miR-224 and NF-κB signaling pathway
can be regulated by celastrol. Celastrol can suppress the activ-
ity of P65/NF-κB through inhibiting phosphorylation of IkB
and blocking P65 entry into the nucleus. Meanwhile, celastril
inhibits the activity of PI3K/Akt signaling pathway by
inhibiting phosphorylation of Akt which can decrease
NF-κB activity. All these results suggest that celastrol sup-
presses the expression of miR-224 and inhibits the abilities
of migration and invasion in HCC cells directly and indirectly.
Furthermore, the study also shows that the downregulation of
miR-224 expression by treatment with celastrol results in the
reduction of MMP-2 and MMP-9 expressions, which are im-
portant components of cancer invasion, as well as the inhibi-
tion of migration and invasion [56]. Further studies on miR-
224 show that miR-224 amplifies radiation sensitivity of glio-
blastoma (GBM) cells. The upregulated miR-224 is discov-
ered to cause the reduction in clonogenic potential by itself as
well as further increase the efficacy of radiotherapy on
clonogenic potential. API-5 gene as a target of miR-224 in-
volves in the reduction of clonogenic potential of GBM cells
and mediating radiation sensitizing effect of miR-224 [57].
Furthermore, upregulation of miR-224 expression is found
to be associated with a better responsiveness to sorafenib (a
effective systemic molecular-targeted treatment drug) in HCC
patients. Platelet-derived growth factor receptor (PDGFR) is a
target of miR-224, and its expression correlates with

therapeutic response to sorafenib [58]. In ovarian cancer, ec-
topic expression of miR-224-5p is related to platinum-based
chemoresistance. Overexpression of miR-224-5p increases
chemoresistance to cisplatin via apoptosis reversion at least
in part by downregulating PRKCD in ovarian cancer cells
[59]. In diffuse large B cell lymphoma (DLBCL) patients,
the expression levels of miR-224 and its target CD59 can
predict the response and outcome of patients treated with ri-
tuximab, cyclophosphamide, adriamycin, vincristine, and
prednisone (R-CHOP) [60] (Table 1).

MiR-224 reflects tumor staging

Accumulating evidence suggest that dysregulated miR-224 is
related to tumor staging in a broad range of cancers. Com-
pared with normal tissues, the expression levels of miR-224 in
cervical cancer tissues are much higher. Cervical cancer pa-
tients with lymph node metastasis-positive or vascular inva-
sion or advanced International Federation of Gynecology and
Obstetrics (FIGO) stage always have higher levels of miR-224
than those with lymph node metastasis-negative (P=0.008) or
without vascular invasion patients (P=0.01) or early FIGO
stage (P=0.02) [61]. According to a study, the expression
levels of miR-224 are significantly higher in the Barcelona
Clinic Liver Cancer (BCLC) stage C patients than those with
stage B patients (P=0.005) in HCC. In addition, patients
grouped by the status of portal vein tumor thrombus (PVTT)
are associated with significant different levels of miR-224
expression [62]. In PCa patients, downregulated miR-224 is
related to PCa metastasis, high PSA level as well as high
Gleason scores and thus associated with advanced clinical
stage [20, 63]. Compared to the corresponding noncancerous
lung tissues, the expression levels of miR-224 are much lower
in nonsmall-cell lung cancer (NSCLC). In NSCLC patients,
downregulated miR-224 is associated with advanced TNM
stage (P<0.001) and lymph node metastasis (P=0.002) [64].
MiR-224 has some links with tumor staging of CRC, and its
expression level is relatively low in patients with an early T
classification (T1 and T2) and dramaticly increased in T3
tumors and further upregulated in T4 tumors [25]. These find-
ings indicate that miR-224 may act as a special marker of
tumor stage.

MicroRNA-224 as a biomarker for cancer prognosis

MiR-224 as a regulator of mRNAs influences recurrence, and
outcome of cancer patients suggests that miR-224 may be a
biomarker for cancer prognosis. Upregulated miR-224 re-
presses cellar proliferation, invasion, migration as well as in-
creases cell apoptosis through inhibiting TRIB1 expression in
PCa patients. Moreover, either downregulated miR-224 or
upregulated TRIB1 gene is related to poor prognosis [27].
HCC patients with low levels of miR-224 were reported to

Fig. 4 The expression of DIO1 and TRs is stimulated by T3. Beside,
miR-224 downregulated expression of DIO1 results in inhibition of T3
that is associated with increased miR-224 levels in a feedback loop.
What’s more, miR-224 expression is regulated by TGF-β1/Smads
pathway, and the upregulated miR-224 promotes estradiol release
through targeting Smad4. CYP19A1 as a shared target of TGF-β1 and
miR-224 can increase E2 release. T3 and E2 are important for cellar
processes
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be insensitive to sorafenib and lead to poor outcomes; thus,
miR-224 may be an independent prognostic factor for HCC
patients treated with sorafenib [58]. Downregulated miR-224
was reported to be associated with insensitivity of radiothera-
py in GBM patients. Male GBM patients with lower levels of
miR-224 have worse overall survival and shorter median sur-
vival duration when compared to those with higher levels of
miR-224. API5 as a target of miR-224 is found to have a
negative relation with median survival duration of GBM pa-
tients. MiR-224 may be a biomarker for GBM prognosis be-
cause of its regulated effect on radiation sensitivity through
targeting API5 [57]. Lu et al. research showed that in human
GBM tissue, the level of miR-224 is higher when compared
with nontumor brain tissue. Upregulated miR-224 is related to
aggressive clinicopathological features as well as advanced
GBM progression concomitant with poorer DFS and OS
[65]. Upregulated miR-224 was reported to be associated with
poorer overall survival through repressing expression of
Smad4 gene in HCC patients [7]. Cervical cancer patients
with high levels of miR-224 tend to have more aggres-
sive progression and poorer prognosis than those with
lower levels of miR-224 [61]. In CRC patients, miR-
224 may be an independent prognostic factor for out-
come because of CRC patients with downregulated
miR-224 exhibit better prognosis than those with high
levels of miR-224 [25].

Prospects

Increasing studies suggest functional links between miR-224
and the expression of its targets in various tumors cells. Ec-
topic expression of miR-224 may be related with process and
prognosis of tumor. The relation between abnormal levels of
miR-224 and cancer development indicates that miR-224 is a
potential biomarker for molecular targeted therapy. Acting as
a promising biomarker for tumors, miR-224 may therefore be

a potential anticancer and a therapeutic target. In the future
research, clinic studies are needed to evaluate the potential of
miR-224 as a prognostic marker and a therapeutic target in
tumors. Ideally, miR-224 could be a therapeutic tool, due to its
ability to target various genes. However, when anti-miR-224
Bdrugs^ translated into clinical applications would encounter
several problems. It is well-known that it is difficult to identify
the downstream targets of miR-224. The complication is that
miR-224 could target multiple genes while various miRNAs
could target the same gene; hence, detailed studies on the
multiple binding sites of miR-224 and the clear mechanisms
of which miR-224 participating in cell biology in tumors are
indispensable. Moreover, it is essential to realize that the im-
portance of miRNA co-regulation network act together on
various signal pathways which might help in designing a more
specific therapeutic target.

Conclusion

In this review, we focus on the role of miR-224 as a regulator
during cancer progresses. MiR-224 is dysregulated expression
in various cancers, including HCC, PCa, CRC, GBM, BCa,
cervical cancer, ovarian cancer, and lung adenocarcinoma.
MiR-224 participates in tumor process through regulating
multiple target genes and influencing the complicated signal-
ing pathways. In this review, these regulatory pathways are
only the part of this complex regulated network, and more
future studies are needed to focus on exploring mechanism
of regulated effect. With a better understanding of miR-224
and its target genes, we may explore a better target for cancer
therapy.
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Table 1 MiR-224 influences cancer therapy through targeting associated genes

Target gene Function Cancer type References

p21WAF1/CIP1 Promote the cisplatin resistance Lung Wang et al. [54]

CDS2 Increase methotrexate sensitivity Colon Mencia et al. [55]

HSPC159 Increase methotrexate sensitivity Colon Mencia et al. [55]

SLC4A4 Increase methotrexate sensitivity Colon Mencia et al. [55]

MMP-2 Increase celastrol inhibitory effect on cell migration and invasion Hepatocellular Li et al. [56]

MMP-9 Increase celastrol inhibitory effect on cell migration and invasion Hepatocellular Li et al. [56]

API-5 Amplify radiation sensitivity Glioblastoma Upraity et al. [57]

PDGFR A biomarker for the prognosis of sorafenib-treated patients Hepatocellular Gyöngyösi et al. [58]

PRKCD Increase resistance to cisplatin Ovarian Zhao et al. [59]

CD59 Predict the response and outcome of patients treated with R-CHOP Lymphoma Song et al. [60]
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