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Expression of the microRNA miR-223 is deregulat-
ed during influenza or hepatitis B infection and in
inflammatory bowel disease, type 2 diabetes, leu-
kaemia and lymphoma. Although this may also be
the result of the disease per se, increasing evidence
suggests a role for miR-223 in limiting inflamma-
tion to prevent collateral damage during infection
and in preventing oncogenic myeloid transforma-
tion. Validated targets for miR-223 that have
effects on inflammation and infection include

granzyme B, IKKa, Roquin and STAT3. With regard
to cancer, validated targets include C/EBPb, E2F1,
FOXO1 and NFI-A. The effect of miR-223 on these
targetshasbeendocumented individually; however,
it ismore likely thatmiR-223affectsmultiple targets
simultaneously for key processes where the micro-
RNA is important. Such processes include haemat-
opoietic cell differentiation, particularly towards the
granulocyte lineage (where miR-223 is abundant)
and as cells progress down the myeloid lineage
(where miR-223 expression decreases). NF-jB and
the NLRP3 inflammasome are important inflamma-
tory mechanisms that are dampened by miR-223 in
these cell types. The miRNA can also directly target
viruses such as HIV, leading to synergistic effects
during infection. Here we review the recent studies
of miR-223 function to show how it modulates
inflammation, infection and cancer development.

Keywords: cancer, infection, inflammation, miRNA-
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Introduction

The discovery of microRNAs (miRNAs) revealed a
new dimension in post-transcriptional regulation
of gene expression. miRNAs are small, noncoding
RNA molecules of ~22 nucleotides, which typically
repress messenger RNAs (mRNAs) by binding to
their 3′ untranslated region (UTR) (reviewed in
[1–4]). miRNAs are transcribed as primary miRNA
transcripts (pri-miRNAs), which contain a hairpin-
like structure that will produce the mature miRNAs
[5]. Most miRNAs are transcribed by RNA polymer-
ase II from independent promoters, analogous to
typical protein-coding genes [5]. However, tran-
scription can also be dependent on RNA polymer-
ase III when the miRNA is located downstream of
repetitive elements such as Alu elements [6].
Alternatively, miRNAs can be embedded within
long noncoding RNA or in an intron of a protein-
coding gene, which releases the pri-miRNA in the
process of splicing [7]. In this case, miRNA tran-

scription is coupled to its host gene. Furthermore,
several miRNAs are organized in genomic clusters,
which produce a single polycistronic primary tran-
script that contains the hairpins of several miR-
NAs. Typically, these miRNAs have related
biological functions [8]. To form a mature miRNA,
the pri-miRNA hairpin is the substrate for two
subsequent cleavage steps by members of the
RNase III family. In the nucleus, it is recognized
by the RNase III enzyme Drosha to produce the pre-
miRNA, a ~70-nt-long precursor molecule, which is
then exported to the cytoplasm by exportin-5.
Because the structure of the processed pre-miRNA
is the signal for nuclear export, the transport is
independent of capping or polyadenylation status
of the primary transcript [7].

Once in the cytosol, pre-miRNAs are further pro-
cessed by Dicer, another member of the RNase III
family, to produce the mature double-stranded
molecule, which consists of the miRNA and its
complementary miRNA*. One of the strands is then
incorporated into a protein complex termed ‘the*These authors contributed equally to this work.
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RNA-induced silencing complex (RISC)’, which
binds to the 3′UTR of mRNAs that contain target
sites for the miRNA [7]. The specificity of the
interaction is determined by a stretch of six to
eight nucleotides in the 5′ end of the miRNA, its so-
called seed region, which has perfect complemen-
tarity to the target mRNA. The rest of the miRNA
sequence is less complementary to the target
mRNA, which results in a bulged structure [9].
The central RISC component, a protein of the
Argonaute family, can interact with a range of
regulatory factors, such as GW182 and Rck/p54,
which link the RISC to processing (P) bodies, where
factors involved in mRNA degradation and trans-
lational repression are concentrated [10]. As a
consequence, targeted mRNA molecules can be
degraded following deadenylation and decapping
and/or translationally repressed by inhibition of
initiation and elongation [11, 12]. The relative
importance of mRNA degradation versus transla-
tion inhibition is still a matter of debate but, given
that these are highly coupled processes, it is likely
that both are important and influence each other
[13].

To date, more than 1500 human miRNAs have
been identified as well as hundreds of viral miR-
NAs, each of which is predicted to have the
potential to target dozens of genes. miRNAs have
been shown to be important for the regulation of
many cellular processes, and individual miRNAs
have been found to be involved in more than one
setting. Overall, miRNA expression data are very
precise in classifying various cancers and provid-
ing information regarding lineage and differentia-
tion status [14]. This shows that miRNAs regulate
‘cellular identities’ making them critical determi-
nants of many biological functions.

In this review, we will consider the functions of only
one miRNA, miR-223, in the context of inflamma-
tion, infection and cancer.

miR-223 and inflammation

miR-223 is upregulated during granulopoiesis

The miRNA-223 (miR-223) is transcribed from an
independent promoter, which shows specific
expression in the haematopoietic system [15–17].
A high expression level is seen in cells of the
myeloid lineage, with granulocytes showing the
highest levels [18] (see Fig. 1). Furthermore,
miR-223 is upregulated during retinoic acid (RA)-
induced differentiation of promyelocytic leukaemia

cell lines NB4 and HL60, as well as in primary
leukaemic cells. This is caused by the induction of
miR-223 gene expression by the myeloid transcrip-
tion factors PU.1 and CAAT/enhancer-binding
protein (C/EBP) b [19, 20]. The nuclear factor I-A
(NFI-A) can maintain lower levels of miR-223 and
stabilize the undifferentiated state of precursor
cells as it competes for binding with C/EBPa,
another strong inducer of miR-223 transcription
[20, 21]. It is interesting that both NFI-A and C/
EBPb are direct targets of miR-223, thus forming
negative feedback loops [20, 22]. Fazi et al. also
showed that overexpression of miR-223 is suffi-
cient to induce markers of differentiation in a
myeloid precursor cell line and that inhibition of
miR-223 reduces the efficiency of RA-induced
differentiation [20]. Taken together, upregulation
of miR-223 is clearly an important element of
granulopoiesis, which is coordinated by the com-
bined action of different myeloid transcription
factors (Fig. 1).

In a recent report by Zardo et al. [23], a more
surprising role of miR-223 on granulopoiesis was
highlighted. The authors found that during differ-
entiation, miR-223 is involved in epigenetically
silencing NFI-A. During RA-induced differentiation
of leukaemic cell lines, miR-223 appears to bind
directly to partly complementary genomic
sequences in the NFI-A promoter. As a result, a
repressor complex including Ago1 and Dicer
together with polycomb proteins can be formed,
which is accompanied by the establishment of
repressive histone marks, DNA methylation and
reduced NFI-A transcription.

A distinct role of miR-223 during granulocyte
differentiation was demonstrated by Johnnidis
et al. [24] by the generation of an miR-223 mutant
mouse (miR-223�/Y). Of interest, miR-223�/Y mice
did not fail to produce granulocytes; instead,
granulocyte numbers were increased. The authors
attributed this to the deregulation of Mef2c, a
transcription factor that drives granulocyte–mono-
cyte progenitor proliferation and is targeted by
miR-223. Indeed, conditional deletion of Mef2c in
the myeloid lineage of miR-223�/Y animals results
in normal numbers of granulocytes. miR-223�/Y

mice were also reported to produce hyperactive
neutrophils and present with spontaneous lung
inflammation, which was not mediated by Mef2c.
Therefore, miR-223 seems to be involved in the
regulation of the early and late stages of granulo-
poiesis, as well as in the homeostasis of mature
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neutrophils. These findings were independently
confirmed by reconstituting mice with bone mar-
row that expresses a miR-223 sponge construct,
which acts as a miR-223 inhibitor. This study
showed that impairing miR-223 function in the
haematopoietic compartment replicates the phe-
notype of the miR-223�/Y mouse [25].

To summarize, miR-223 is upregulated by myeloid
transcription factors during granulocyte differenti-
ation. However, this does not seem to be essential
for granulopoiesis, because miR-223-deficient
mice are able to produce neutrophils, albeit with
an abnormal phenotype.

Other roles of miR-223 in haematopoietic differentiation

Besides granulocyte differentiation, miR-223 has
been found to be involved in determining the
identity of other cell types in the haematopoietic
system. Together with other miRNAs, miR-223
fine-tunes the differentiation of myeloid precursors
into either granulocytes or monocytes. As
described above, miR-223 is strongly induced by

C/EBPa, a transcription factor that drives granu-
locyte differentiation. As miR-223 targets the NFI-A
mRNA, proliferation of myeloid precursors is
reduced upon C/EBPa activation, and the differ-
entiation programme can be initiated [20]. Simi-
larly, during osteoclast differentiation from
precursors of the myeloid lineage, miR-223 upreg-
ulation by PU.1 is important to repress NFI-A,
which would otherwise inhibit differentiation [26].
The importance for myeloid differentiation has also
been demonstrated using an antagomiR inhibitor
of miR-223, which abolishes GM-CSF (granulo-
cyte–macrophage colony-stimulating factor)-
induced differentiation of monocytes and PMA
(phorbol-12-myristate-13-acetate)-induced differ-
entiation of THP1 cells [27]. Interestingly, the
authors also showed that miR-223 is enriched in
microvesicles shed from differentiated macrophag-
es and that these vesicles are sufficient to induce
differentiation in monocytes. An increasing num-
ber of studies show that microvesicles (exosomes or
microparticles) are ameans of intercellular commu-
nication [28] that can even act over long distances
because they can be found in the circulation. Even

Fig. 1 Expression of miR-223 during haematopoiesis. miR-223 expression increases as haematopoietic progenitor cells
differentiate into red blood cells or natural killer cells, but decreases during differentiation into neutrophils, monocytes,
megakaryocytes and eosinophils. Expression is also altered as these cells are further activated (neutrophils and natural
killer cells) or polarized (macrophages).
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though blocked differentiation by miR-223 inhibi-
tion implies a positive role of the miRNA on
macrophage differentiation, we and others have
shown that miR-223 is downregulated in macro-
phages compared with monocytes [24, 29, 30] (see
Fig. 1). Nevertheless, the strong effect of miR-223
inhibition described above suggests that a low
functional level of the miRNA is essential for
monocyte differentiation.

Additionally, miR-223 has been found to negatively
regulate erythroid [31] and positively regulate
megakaryocyte differentiation by targeting LIM
domain only 2 (LMO2) [32]. As C/EBPb represses
LMO2 expression and C/EBPb is also a target of
miR-223, these constitute a group of factors that
collectively balance their own expression. With
regard to the regulation of proliferation, LMO2 is
probably the main effector [22]. Most recently, miR-
223 expression was found to increase during
eosinophil differentiation, such that eosinophil
production is increased in miR-223�/� mice, prob-
ably due to effects on IGF1R (insulin-like growth
factor 1 receptor) [33].

In summary, miR-223 expression changes consid-
erably during cellular differentiation. It increases
during osteoclast, megakaryocyte and eosinophil
differentiation and decreases during erythrocyte
and macrophage differentiation. The relevance of
this change in expression has not been thoroughly
investigated in each case, but it is clear that miR-
223 is part of a regulatory network with several
central factors, such as NFI-A, C/EBPb and LMO2,
which shape the cellular phenotypes.

Roles of miR-223 in immune cell function and activation

When maintained on a high-fat diet, miR-223�/Y

mice revealed an additional inflammatory pheno-
type with more severe adipose tissue inflammation
and insulin resistance [34]. This was accompanied
by increased infiltration of macrophages and secre-
tion of pro-inflammatory cytokines in the adipose
tissue. Furthermore, the infiltrating macrophages
expressed higher levels of markers of the classi-
cally activated pro-inflammatory phenotype (M1),
suggesting a defect in macrophage polarization. On
a molecular level, this deregulation may be partly
due to the novel miR-223 target Pknox1. By
targeting Pknox1, miR-223 helps to steer the
activation pattern of macrophages towards the
alternative M2 phenotype. In the context of obes-
ity-induced adipose tissue inflammation, this is

beneficial as it reduces adverse metabolic pheno-
types.

This is in agreement with recent findings by us and
others regarding macrophage differentiation. As
monocytes differentiate into macrophages (or den-
dritic cells), NLRP3, an important protein for the
processing of the IL-1b and IL-18, is upregulated,
although its mRNA levels are downregulated [30,
35]. This coincides with lower expression of miR-
223 in mature myeloid cells. As miR-223 can target
the NLRP3 3′UTR, it can prevent translation early
in the myeloid lineage. Given the high miR-223
expression levels, the miRNA is likely to be an
important regulator of the NLRP3 inflammasome in
neutrophils [35]. Other groups have also found
that miR-223 may influence IL-1b production, in
this case due to an effect on STAT3 [36]. miR-223
downregulation was found to promote the produc-
tion of IL-1b and IL-6 at a transcriptional level.
Furthermore, miR-223 cooperated with miR-15a
and miR-16 to enhance noncanonical NF-jB sig-
nalling during macrophage differentiation. These
miRNAs were all found to target the inhibitor of NF-
jB kinase a (IKKa). As the levels of all three miRNA
decrease during macrophage differentiation,
repression of IKKa is relieved and NF-jB signalling
increases [29]. miR-223 expression also changes
when other cell types are activated, for example in
natural killer (NK) cells treated with IL-15. Here,
decreased miR-223 levels result in increased
expression of its target granzyme B, an effector of
cytotoxic lymphocytes [37].

miR-223 is not only involved in the differentiation
of a variety of immune cells, especially macrophag-
es, but can also influence their activation pattern.
For example, it can modulate macrophage polari-
zation, as well as inflammasome and NF-jB sig-
nalling.

Role of miR-223 in inflammatory disorders

Global miRNA expression analyses revealed that
miR-223 is deregulated in many inflammation-
related disorders. For example, it is overexpressed
in the synovium and peripheral T cells of patients
with rheumatoid arthritis [38, 39], in peripheral
blood mononuclear cells of patients with osteoar-
thritis [40] and in the colonic mucosa of patients
with inflammatory bowel disease (IBD) [41]. Con-
sequently, lentivirus-mediated silencing of miR-
223 can suppress collagen-induced arthritis in
mice [42]. In mouse models of IBD, miR-223 was
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overexpressed in the colon and peripheral blood
lymphocytes [43]. A link was proposed between the
novel target Roquin, a negative regulator of IL-17
production in lymphocytes, and IBD pathogenesis.
IL-17 is an important inflammatory cytokine;
therefore, higher levels of miR-223 result in
increased IL-17-mediated inflammation.

miR-223 is also deregulated in type 2 diabetes [44],
which is consistent with an emerging body of
evidence suggesting that this is an inflammatory
disease with pathogenesis driven at least in part by
pro-inflammatory cytokines. On the other hand,
miR-223 is consistently upregulated in the insulin-
resistant heart where it increases Glut4 expression
to promote glucose uptake [45]. It is possible that
increased miR-223 expression in the insulin-resis-
tant heart may overcompensate for the systemic
reduction in miR-223 seen during insulin resis-
tance. In individuals with type 2 diabetes, increased
miR-223 and Glut4-dependent glucose uptake may
not be possible in the periphery, but in the heart this
may have the opposite effect and increasemetabolic
processes that could be detrimental; this possibility
is suggested by the fact that cardiac arrest is the
primary cause of mortality in this disease.

Overall, evidence suggests a central position of
miR-223 in maintaining the homeostasis of a wide
range of processes and cell types in the immune
system that is not merely restricted to haemato-
poietic differentiation. As miR-223 is the most
abundant miRNA in peripheral blood microvesi-
cles, it could even act as a systemic homeostatic
factor [46]. The variety of functions of miR-223 has
been linked to the suppression of many different
target genes. Table 1 shows all the currently vali-
dated targets of miR-223; however, this is certainly
not a complete list. The distinct expression pattern
of miR-223 in different cell types, during differen-
tiation and activation, provides interesting oppor-
tunities for the regulation of its targets in
inflammatory pathologies.

miR-223 and infection

As discussed above, miR-223 regulates the differ-
entiation of several key players of the innate
immune response (e.g. neutrophils, monocytes
and granulocytes), and therefore, it is likely that
miR-223 will play an important role in the early
stages of infection. Indeed, Johnnidis et al. showed
enhanced killing of neutrophils co-cultured
with Candida albicans in miR-223 mutant mice

(miR-223�/Y), indicating increased fungicidal activ-
ity in these animals. Furthermore, miR-223�/Y

mice exhibited elevated tissue destruction after
endotoxin challenge [24]. Endotoxin challenge is a
model of sepsis, a severe form of infection associ-
ated with inflammatory clinical symptoms such as
fever, chills, malaise and high inflammatory cyto-
kine levels. In the light of these data from miR-223
mutant mice, the observation that miR-223 expres-
sion is decreased during sepsis suggests that this
miRNA could have a role in the disease pathology
rather than serving as a biomarker alone [47].
Again this reflects the importance of miR-223 in
negative regulation of the inflammatory process
during infection.

miR-223 and viral infection

To date, understanding of the H1N1 influenza
infection (the Spanish flu), considered to be the
worst pandemic infection of the twentieth century,
remains incomplete. Recently, MG Katze and col-
leagues found that miR-223 and other microRNAs
were differentially expressed in response to influ-
enza virus infection [48]. More specifically, miR-
223 was strongly upregulated in r1918 infection
and only moderately upregulated in control influ-
enza infection. Severe acute respiratory syndrome
(SARS), a twenty-first-century pandemic infection
with typical clinical features of pulmonary fibrosis
and lung failure that led to significant mortality, is
caused by the coronavirus SARS-CoV. Although
SARS-CoV cannot infect or replicate in fully differ-
entiated cells, it is possible to study the virus in
infected bronchoalveolar stem cells [49]. Using this
method, Mallick et al. showed that miR-223
amongst other miRNAs is downregulated during
infection. Furthermore, they demonstrated poten-
tial targets of miR-223 in both the virus (N protein)
and the host (CCR1), although these targets remain
to be validated. In another study, it was found that
miR-223 is elevated in serum from patients with
chronic type B hepatitis, to a similar extent as in
patients with hepatocellular carcinoma (HCC),
suggesting it may be a marker of liver injury [50].
Although it is not clear how higher levels in the
serum relate to the expression levels of this miRNA
in cells, it is tempting to speculate from the finding
that miR-223 is downregulated in HCC and that it
may also be downregulated in chronic type B
hepatitis. As discussed above, miR-223 may act
as a negative regulator of inflammation, which
could explain the chronic inflammatory response
in the liver if miR-223 is repressed.
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As miRNAs target RNA in the cytoplasm, it was
speculated that they could act as antiviral immune
defence mechanisms against RNA viruses. Indeed,

miR-223 expression correlates with susceptibility
of T cells as well as monocytes/macrophages with
HIV-1 infection [51, 52]. Furthermore, together

Table 1 Validated targets of miR-223

Gene Disease Pathway Cell type Species Reference

Artemin Oesophageal carcinoma Invasion/metastasis Oesophageal cancer

cell lines

H [71]

C/EBPb Leukaemia Differentiation/

proliferation

Erythromyeloblast H [22]

E2F1 AML Cell cycle AML blast H [55]

EPB41L3 Gastric cancer Metastasis Cancer cell H [70]

Fbxw7/

Cdc4

Leukaemia, gastric

cancer, oesophageal

squamous cell

carcinoma

Cell cycle regulation,

proliferation

Erythroblast, gastric

cancer cell,

oesophageal squamous

cell carcinoma

H, M [56, 77, 78]

FOXO1 Cancer Proliferation Cancer cell lines H [67]

Gag-pol HIV infection HIV latency CD4+ T cell H [51]

Granzyme B Inflammation NK cell activation NK cell M [37]

HSP90B1 Cancer Cell survival Osteosarcoma cell line H [66]

IGF1R Inflammation, cancer Neutrophil activation,

eosinophil

differentiation, cell

survival/proliferation

Neutrophil, eosinophil,

cancer cell lines, T-ALL

cell

H, M [24, 33, 65]

IKKa Inflammation NF-jB Monocytes H [29]

LMO2 Leukaemia/lymphoma Erythroid and

megakaryocyte

differentiation

Megakaryocyte–

erythroid progenitor

H [22, 31, 32]

Mef2c Granulocytosis, tumour

immunology

Granulocyte progenitor

proliferation, myeloid-

derived suppressor cell

differentiation

Granulocyte progenitor,

myeloid progenitor

M [24, 74]

NFI-A Leukaemia/lymphoma Myeloid differentiation Myeloid progenitor H [20]

NFI-A

promoter

Leukaemia/lymphoma Granulopoiesis,

epigenetic silencing

Myeloid progenitor H [23]

NLRP3 Inflammation NLRP3 inflammasome Monocyte/macrophage H, M [30, 35]

Pknox1 Adipose tissue

inflammation

Macrophage polarization Macrophage M [34]

Rasa1 Cancer Cell cycle regulation HeLa cell H [65]

RHOB Cancer Cytoskeleton

remodelling/motility

Cancer cell lines H [79]

Roquin Inflammation IL-17A production Th17 cell M [43]

STAT3 Inflammation NF-jB Macrophage M [36]

STMN1 HCC Microtubule dynamics Hepatocyte H [68]

H, human; M, mouse.
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with other miRNAs, miR-223 was found to target
the 3′ ends of HIV-1 messenger RNAs. In resting
CD4+ T cells (where HIV replication is silenced),
miR-223 expression was increased compared with
the level in activated CD4+ T cells. Inhibition of
miR-223 alone or in combination with other miR-
NAs resulted in HIV-1 production from resting
CD4+ T cells [51]. The physiological relevance of
this finding is still questionable as resting CD4+ T
cells are not the main reservoir of HIV (<1%). In
another study, it was shown in macrophages that
miR-223 and other cellular HIV-1 interfering fac-
tors are induced by type I interferons, which could
be one of the mechanisms of their antiviral activity
[53].

Given the pronounced effects on the immune
system as a whole, we can expect that in the near
future, more studies will be reported regarding the
role of miR-223 and infection.

miR-223 in cancer

miR-223 and haematological malignancy

Given the prominent role of miR-223 in the immune
system, it isnot surprising that it is commonly found
to be deregulated in leukaemia and lymphomas.
AML1/ETO, the most common fusion protein in
acute myeloid leukaemia (AML), reduces miR-223
expression via chromatin remodelling [54]. As
described above, miR-223 induces differentiation
of myeloid progenitor cells by targeting NFI-A. As a
result, AML1/ETO-expressing cells maintain an
undifferentiated state with increased proliferative
potential. Because repression ofmiR-223 transcrip-
tion is achieved by epigenetic silencing, treatment
with demethylating agents can induce differentia-
tion in these cancer cells, providing potential ther-
apeutic opportunities.

Additionally, miR-223 has been found to affect the
cell cycle in AML by targeting the transcription
factor E2F1 [55]. Regulation is part of a negative
feedback loop, in which E2F1 can induce expres-
sion of C/EBPa, which then induces miR-223. The
miRNA can in turn repress E2F1, and E2F1 can
bind to the miR-223 promoter and repress its
transcriptional activity. miR-223 levels are reduced
in AML; therefore, E2F1-mediated cell cycle pro-
gression is increased, and reintroducing miR-223
can inhibit proliferation.

Furthermore, Xu and co-workers found that miR-
223 was repressed in erythroblasts from a cyclin

ET74A T393A transgenic mouse, which showed
increased levels of cyclin E [56]. The authors
demonstrated that miR-223 targets the tumour
suppressor Fbxw7/Cdc4, which is the substrate-
recognizing part of the SCFFbw7 E3 ubiquitin ligase
complex. Because one of the proteins targeted for
degradation by Fbxw7 is cyclin E, the interaction
between miR-223 and Fbxw7 closes a negative
feedback loop. As described above, E2F1 can
inhibit the transcription of miR-223, which might
be the mediator of the repressive function of cyclin
E.

In contrast to AML, miR-223 is highly expressed in
T-cell acute lymphoblastic leukaemia (T-ALL) and
contributes to T-ALL development in a mouse
model [57]. However, glucocorticoids, which induce
apoptosis in T-ALL, also increase miR-223 expres-
sion in glucocorticoid-sensitive cell lines, which
indicates that increased miR-223 levels do not
always support oncogenesis [58]. Similarly, inhibi-
tion of oncogenic Notch signalling in T-ALL cells led
to an increase in miR-223, which implicates Notch
as another physiological mechanism to regulate
miR-223 in cancer cells [59]. As for glucocorticoid
treatment, an increase in miR-223 correlated with
reduced oncogenesis. However, altering miR-223
levels alone was not sufficient to alter cell growth in
these cells.

With regard to other haematological malignancies,
miR-223 was downregulated in chronic lymphoid
leukaemia [60–62], whereas it was overexpressed
in a subset of T-ALL with myeloid features [63] and
in Epstein–Barr virus (EBV)-positive diffuse large
B-cell lymphoma [64]. Interestingly, we found that
EBV expresses a miRNA, miR-BART15, which has
an almost identical seed region to miR-223 and
may target some of the same genes [30]. We
therefore speculate that EBV miR-BART15 may
promote EBV-associated malignancies through
some of the above mechanisms.

miR-223 and nonhaematological malignancy

Increasing evidence also highlights a role for miR-
223 in solid cancers, substantiating its involve-
ment in basic cellular processes. A general role for
miR-223 in cell cycle regulation was validated by
overexpressing miR-223 in HeLa cells, which sup-
pressed proliferation and tumour growth of the
cells when injected into nude mice [65]. This
suppression was mainly caused by reduc-
ing expression of the miR-223 target IGF1R and
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downstream Akt/mTOR/p70S6K signalling, which
was also seen in leukaemia and hepatoma cell
lines. The same relationship has been observed in
the osteosarcoma cell line MG63, where miR-223
also targets the heat-shock protein 90B1
(HSP90B1) [66]. However, the importance of this
particular target for the miR-223 phenotype was
not established. In another study, the targeting of
the transcription factor FOXO1 by miR-223 as an
alternative route to influence proliferation was
highlighted [67]. miR-223 was shown to be
repressed in HCC, which leads to the upregulation
of stathmin1 (STMN1), a microtubule regulatory
protein that is frequently overexpressed in cancers
[68].

Regulation of miR-223 could also be part of the
phenotype caused by the p53 gain-of-function
mutation p53R175H, which is associated with poor
prognosis and chemoresistance. Masciarelli et al.
showed that this mutant of p53 represses the miR-
223 promoter in cooperation with the transcription
factor ZEB1 in colon and breast cancer cell lines
[69]. This could play a part in drug resistance, as
exogenous miR-223 expression increased sensitiv-
ity to DNA-damaging agents. The authors attrib-
uted this effect to the miR-223 target STMN1,
because siRNA-mediated knockdown of this pro-
tein has the same effect as miR-223 overexpres-
sion. Thus, mutant p53 reduces miR-223
expression, which in turn leads to an upregulation
of STMN1 and increased chemoresistance.

Separate studies indicate opposing roles for miR-
223 in regulating migration and invasion, two
important characteristics of metastatic tumour
cells. Screening for miRNA expression revealed
that miR-223 is particularly overexpressed in met-
astatic gastric cancer cells [70]. Expression of miR-
223 in nonmetastatic cell lines increased their
migration and invasion, whereas the phenotype
reverted following inhibition in metastatic cells. Li
et al. showed that the metastasis-promoting tran-
scription factor Twist can drive miR-223 transcrip-
tion. The invasive phenotype of modulating miR-
223 levels can be recapitulated by altering the level
of the novel miR-223 target EPB41L3, a cytoskel-
etal linker protein involved in motility and adhe-
sion. In stark contrast, miR-223 seems to be
suppressing migration and invasiveness in oesoph-
ageal cancer lines, potentially by targeting the
oncogene Artemin [71]. It remains to be determined
whether this discrepancy can be explained by the
different cell origins. Furthermore, in recurrent

ovarian cancer, miR-223 is overexpressed com-
pared with primary tumours, which could indicate
a metastatic signature [72].

miR-223 and the tumour microenvironment

Global expression profiling shows that miR-223 is
fairly specific for the haematopoietic lineage. Nev-
ertheless, it has pronounced effects on prolifera-
tion and invasiveness in other cell types. Therefore,
the question arises, ‘How can such effects be
explained in a physiological setting?’ One possibil-
ity is trafficking of miRNA between cells in micro-
vesicles, which is emerging as an important
mechanism by which cells exchange regulatory
factors as described above [28]. Indeed, miR-223
appears to be actively transferred from IL4-stimu-
lated tumour-associated macrophages to co-cul-
tured breast cancer cells, which leads to increased
invasiveness in the cancer cells [73]. Thus, miR-
223 could act as a signal in the crosstalk between
tumour and immune cells in the tumour microen-
vironment.

Communication between cancer cells and the
immune system can also be reversed, as miR-223
has been implicated in mediating immune evasion
mechanisms by tumours. Cancer cells can induce
suppressive myeloid cells, which accumulate in
secondary lymphoid organs and suppress tumour-
directed T-cell responses. In mouse models, this
induction requires the downregulation of miR-223
and consequent upregulation of its target Mef2c in
the suppressor cells [74]. Consequently, reconsti-
tution of irradiated and cancer-bearing mice with
bone marrow cells that overexpress miR-223 or
lack Mef2c suppresses tumour growth, whereas
miR-223 inhibition and Mef2c overexpression has
the opposite effect.

Regarding its physiological functions, miR-223 has
a high potential to influence carcinogenesis. Its role
in regulating differentiation is very important for
cancers of haematopoietic origin, where dediffer-
entiation is a common feature, as it increases the
proliferative potential. miR-223 can alter several of
the hallmarks of cancer that were defined by
Hanahan and Weinberg [75], such as regulating
cell cycle, cell survival, metastasis and immune
evasion. Given its predominance in microvesicles
from various cell types, it can play an important
role in the crosstalk between cancer cells and the
microenvironment. In many cases, miR-223 seems
to function as a tumour-suppressive miRNA,
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Table 2 Diseases in which miR-223 expression is altered

Disease Tissue/cell type

miR-223

expression Effect Reference

Inflammation

Mouse model of

obesity

Adipose tissue ↓ Inflammation and immune cell

recruitment

[34]

Rheumatoid arthritis Synovium, T cell ↑ [38, 39]

Osteoarthritis PBMC ↑ [40]

IBD T cell ↑ [41]

IBD mouse model

(IL-10-/-)

Colon, lymphocyte ↑ Target Roquin (negative regulator of

IL-17)

[43]

Type 2 diabetes Plasma ↓ [44]

Insulin-resistant heart Heart ↑ [45]

Infection

Sepsis Serum ↓ [47]

Increased tissue

destruction after

endotoxin challenge

↓ [24]

H1N1 influenza

infection

Lung ↑ Induced by r1918 variant more than

seasonal influenza

[48]

SARS Bronchoalveolar

stem cell

↓ Potentially targets both the virus

(N protein) and the host (CCR1)

[49]

Chronic type B

hepatitis

Serum ↑ [50]

HIV-1 infection Activated CD4+

T cell

↓ Targets the 3′ ends of HIV-1 messenger

RNAs

[51]

Cancer

AML Bone marrow ↓ Affects the cell cycle in AML by targeting

the transcription factor E2F1

[55]

T-ALL Leukaemic cell ↑ [58] [63]

Chronic lymphoid

leukaemia

B cell ↓ [60–62]

EBV-positive diffuse

large B-cell lymphoma

B cell ↑ [64]

HCC HCC cell ↓ Upregulation of stathmin1 (STMN1;

a microtubule regulatory protein)

[68]

Metastatic gastric

cancer

Gastric carcinoma

cell

↑ Increases migration and invasion by

altering the level of EPB41L3 (a

cytoskeletal linker protein involved in

motility and adhesion)

[70]

Oesophageal cancer Oesophageal

cancer tissue

↓ Suppresses migration and invasiveness,

potentially by targeting the oncogene

Artemin

[71]

PMBC, peripheral blood mononuclear cell.

M. Haneklaus et al. Review: miR-223 in immune system and cancer

ª 2013 The Association for the Publication of the Journal of Internal Medicine 223

Journal of Internal Medicine, 2013, 274; 215–226



targeting predominantly oncogenic effectors and
being silenced in cancer cells. However, in other
cases, miR-223 is overexpressed. This could reflect
varying cellular requirements in different stages of
tumour development and different tumour origins,
for example in the primary tumour mass versus
metastatic cells. More generally, it probably reflects
the complexity of miRNA regulation. With the large
number and diversity of targets, it seems unlikely
that a single miRNA will have exclusively tumour-
suppressive or oncogenic effects. The ultimate
outcome will depend on the cell type, the tumour
microenvironment and the network of other
expressed effectors.

Conclusion

Based on the evidence reported to date, it is clear
that miR-223 has an impact on different cellular
processes, ranging from cell cycle regulation and
invasiveness to haematopoietic differentiation and
immune cell function. The changes in miR-223
expression in different haematopoietic cell types as
well as genetic interference using knockout and
miRNA sponge methods convincingly support a
central role in differentiation, particularly in the
myeloid lineage. Recently, evidence has pointed to
an important role of miR-223 in altering macro-
phage polarization and activation. Given its role in
basic cellular functions such as proliferation and
survival, it is not surprising that miR-223 has a
potential to alter cancer cell phenotypes. This has
been observed not only in haematological malig-
nancies but also in solid tumours. These findings
together with the pronounced effects of miR-223 on
the immune response suggest that this miRNA is
part of the exciting link between inflammation and
cancer [76].

As a consequence of its cellular functions, there is
a wide range of pathologies in which miR-223
expression is deregulated (Table 2). It is important
to recognize that, due to cellular specificity of miR-
223 expression, altered miR-223 levels may simply
reveal an imbalance in the number of cells that
express high levels of this miRNA. Nevertheless,
pooling these data makes it possible to speculate
about the role of validated miR-223 targets
(Table 1) in the pathologies in which miR-223 is
deregulated. For example, E2F1, Foxo1, C/EBPb
and RHOB are implicated as miR-223 targets in
cancer; however, these proteins are also exten-
sively involved in inflammation and infection and
might contribute to the effect of miR-223 in these

settings. Furthermore, granzyme B, NLRP3,
Pknox1 and Roquin have been discussed above in
the context of inflammation, but they may also
account for the functions of miR-223 in the devel-
opment of cancer. Continued effort to understand
and relate phenotypes and molecular observations
will provide better insight into the biology of miR-
223.
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