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Abstract 

Inflammatory breast cancer (IBC) is an infrequent but aggressive manifestation of breast cancer, which accounts for 
2–4% of all breast cancer cases but responsible for 7–10% of breast cancer-related deaths, and with a 20–30% 10-year 
overall survival compared with 80% for patients with non-IBC with an unordinary phenotype, whose molecular 
mechanisms are still largely unknown to date. Discovering and identifying novel bio-markers responsible for diag-
nosis and therapeutic targets is a pressing need. MicroRNAs are a class of small non-coding RNAs that are capable to 
post-transcriptionally regulate gene expression of genes by targeting mRNAs, exerting vital and tremendous affects in 
numerous malignancy-related biological processes, including cell apoptosis, metabolism, proliferation and differentia-
tion. In this study, we review present and high-quality evidences regarding the potential applications of inflammatory 
breast cancer associated microRNAs for diagnosis and prognosis of this lethal disease.

Keywords:  Inflammatory breast cancer, miRNA/microRNA, Expression, Prognosis, Diagnosis

© The Author(s) 2019. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License 
(http://creat​iveco​mmons​.org/licen​ses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, 
and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creat​iveco​mmons​.org/
publi​cdoma​in/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Introduction
Breast cancer, a malignant breast neoplasm originating 
from breast tissues, is the cause of cancer-related mor-
tality among women worldwide. It’s also a highly hetero-
geneous disease that consists of multiple subtypes with 
distinguishing clinical effectiveness and distinct progno-
sis. On the basis of the American joint committee on can-
cer (AJCC), inflammatory breast carcinoma (IBC) is “a 
clinic pathologic entity characterized by diffuse erythema 
and edema of the breast, often without an underlying 
palpable mass”, which is a rare but lethal form of primary 
breast neoplasm, which only accounts for 2–4% of all 
breast cancer cases but responsible for 7–10% of breast 
cancer-related deaths [1]. The median overall survival of 
IBC patients is approximately 2.9y compared with 6.4y 

for patients with locally advanced breast cancer (LABC) 
[2], but the molecular mechanisms are still largely 
unknown to date [3, 4]. Even with a great deal improved 
therapies, including surgery, radiation, hormone therapy, 
anthracycline-based or herceptin-based chemotherapy 
and combination of these modalities, IBC patients still 
have relatively poor survival outcomes, which is related 
to its biological characters, such as lymph angiogenesis, 
intense angiogenesis and vasculogenesis [5–9].

IBC is known as a heterogeneous disease histomorpho-
logically, which is also manifested in the molecular level. 
Some published studies about mRNA expression profil-
ing to date have showed that transcript-heterogeneity 
exists in IBC as comprehensively as in non-IBC. Apart 
from that, the molecular subtypes established such as 
HER2-positive, luminal, and basal type can also be iden-
tified in IBC [10–20]. Furthermore, several previous 
studies have demonstrated a particular expression sig-
nature of miRNAs in IBC and non-IBC, when compared 
to healthy controls as well as among this two forms of 
breast cancer. Compared with healthy controls, serum 
levels of some miRNAs were obvious down-regulated in 
IBC, while some miRNAs were apparent over-expressed, 
which indicates that these miRNAs may probably be used 
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as a new bio-marker for diagnosis or prognosis of IBC 
and non-IBC [21].

MicroRNAs (miRNAs) are single-stranded small and 
non-coding RNAs that are responsible for regulating 
the gene expression post-transcriptionally. They exert 
their regulatory functions via sequence-specific interac-
tions with congenetic target mRNAs, usually by binding 
to the 3′untranslated regions of the target mRNAs [22], 
thus stimulating target mRNAs translational repression 
and degradation [23]. Aberrances of miRNAs expression 
in tumor versus normal breast tissues are in connection 
with the occurrence and development of neoplasm [24] 
and closely related to invasiveness [25], molecular sub-
types [26] and hormone receptor status of breast cancer 
[27, 28]. Furthermore, certain miRNAs also function as 
tumour oncogenes or suppressors in different cancers. 
For example, microRNA-133a acts as a tumour suppres-
sor in breast cancer through targeting LASP1 [29]. All 
these pathological events due to a wide array of patho-
logical and biological processes such as apoptosis, cell 
proliferations and tumorigeneses resulted from dysregu-
lated miRNA expression [30], accounting for the possibil-
ity of miRNAs serving as valued molecular bio-markers 
for diagnosis and prognosis of tumors.

Increasing evidence has been shown that miRNAs 
hold great promise to serve as distinctive and non-inva-
sive molecular bio-markers for tumor [31, 32], which 
is mainly based on the following advantages. (1) The 
sequences of lots of miRNAs are conserved across dif-
ferent species, which means subtle individual differences 
in the population; (2) the expression of some miRNAs 
is related to many diseases closely, especially in tumors, 
and the expression is also restricted to specific tissues or 
biological stages of ailments. (3) Originated from cancer 
tissue [33], miRNAs are stably existed in serum/plasma 
because of their strong resistance to RNase digestion 
as well as their protection from degradation by means 
of inclusion in various protein complexes or numer-
ous membranous particles such as micro vesicles or 
exosomes. (4) Serum/plasma samples are available con-
veniently and non-invasively, and the levels of miRNAs 
can also be easily measured by multifarious common and 
mature detection technology [34, 35]. All these findings 
show that, as a novel, safe and non-invasive bio-marker, 
miRNAs will furnish considerable diagnostic and prog-
nostic values on IBC and non-IBC diseases by restoring 
or antagonizing their expression [36, 37].

miRNAs associated with the diagnosis of IBC
Only several researchers have identified the importance 
of miRNAs come from IBC tissue as diagnostic molecu-
lar bio-markers so far. Thus, evidence of evaluating the 
diagnostic effect of miRNAs in blood, other bio-fluids 

and primary tissues from IBC patients is considerably 
devoid. Given the fact that the diagnostic potential of 
IBC miRNAs is undiscovered and underestimated at pre-
sent, it is of vital importance to perform substantial stud-
ies to identify miRNA-based bio-markers available for 
early diagnosis of IBC. In limited circumstances, here we 
concluded 5 miRNAs that is capable of being diagnostic 
molecular bio-marker for IBC patients which are con-
firmed by several previous high-quality studies (Table 1; 
Fig. 9).

Among these 5 miRNAs, there are 3 miRNAs also rela-
tive to some specific characteristics of IBC. According to 
a few studies before, there are some molecular and clin-
icopathologic features may influence the level of miRNAs 
in breast cancer. For example, compared to normal breast 
tissues, Nassar et al. [38] found that in post-menopausal 
breast cancer samples miR-155 was up-regulated, which 
made it a important breast cancer molecular bio-marker 
for postmenopausal patients. Study conducted by Hamdi 
et al. [21] also indicated that, when compared with those 
with nulliparity, miR342-5p was up-regulated in patients 
who have positive parity history. For non-IBC patients, 
miR-335 could be an important non-IBC bio-marker for 
pre-menopausal patients while miR-24 for post-meno-
pausal non-IBC patients, which would contribute to the 
diagnosis of early onset in non-IBC patients [21].

When it comes to the IBC patients, previous studies 
have indicated that several miRNAs (such as miR-15a, 
miR-342-3p and miR-342-5p) were associated with a few 
molecular and clinicopathologic features (like Her2 sta-
tus and menopausal state).

miR‑301b
Based on the study led by Lerebours et  al. [39], miR-
301b was observed highly over-expressed in IBC patients 
when compared to non-IBC. Targeting to FOXF2, BBC3, 
PTEN, and COL2A1, miR-301b functions in prolifera-
tion, invasion, migration and finally local recurrence as 
well as distant metastasis [40]. Apart from these find-
ings, increased miR-301 expression level was relevant to 
higher grade in IBC patients, while to ER(−), stage III 
and higher grade in non-IBC patients [39] (Fig. 1).

miR‑451
miR-451 is found obviously down-regulated in IBC 
patients when compared to normal sera, providing 
credible evidence for miR-451 being considered as a 
new serological bio-marker for IBC, which is derived 
from a study led by Khouloud et  al. and Hamdi et  al. 
[21, 37]. In this regard, one possible explanation 
accounting for this phenomenon is that exosomes con-
taining miR-451 are cut off 57.5-fold. Consequently, 
the release of exosomes is lesser extent and the level 
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of miR-451 expression in circulation is lower in IBC 
patients. This might be either the result of the devel-
opment progress of tumor or the cause of this lethal 
disease then leading to the oncogenic of IBC, for 
which the general mechanism is not clear to date. In 
addition, according to a few correlation analyses, there 
is no definite association between miR-451 and other 
miRNAs. Furthermore, mir-451 showed up an AUC 
of 0.783 with 80.0% specificity and 81% sensitivity in 
identifying the IBC patients by an average reduce of 
57.5-fold compared to normal sera [21].

According to a study conducted by Wang et al. [41] 
YWHAZ was identified as a direct target of miR-451, 
and downregulation of miR-451 is able to upregulate 
YWHAZ expression so that may reduce paclitaxel 
resistance in IBC (Fig.  2). Apart from that, down-
regulation of miR-451a is also able to upregulate MIF 
expression and can increase breast cancer cell growth, 
invasion, and tamoxifen sensitivity, which indicated 
that the miR-451a/MIF pathway may also be a poten-
tial therapeutic target for breast cancer as well as IBC 
[42].

miR‑15a and HER2 status
Levels of miR-15a was positively and closely associated 
with HER2 status in IBC patients. Targeting to CDCA4, 
BCL2L2, YAP1, AKT-3 and Cyclin E1, miR-15a has been 
found to significantly reduce cancer cell survival and 
aggressiveness (Fig. 3) [43]. According to a few previous 
studies, in HER2+ IBC patients, serum expression levels 
of miR-15a were obviously lower than that in HER2− 
IBC patients, indicating that HER2/neu over-expression 
in Her2+ IBC patients may change expression levels of 
miR-15a. Consequently, hypothesis can be concluded 
that tumor cells that over-expressed HER2 probably 
make a contribution to the reductive miR-15a expression 
levels in Her2+ IBC patients’ serum. In view of a research 
conducted by Cittelly et al. [44] they shown that a clini-
cally momentous oncogenic isoform of HER2 called 
HER2Δ16 is able to suppress miR-15a. Furthermore, by 
means of targeting Cyclin E1 directly, miR-15a also play 
a major role in promoting cell apoptosis and mediating 
cell-cycle arrest of breast cancer, make it clear that miR-
15a possesses tumor suppressive activity in a cell line of 
breast cancer [45, 46]. In addition, due to the discovery 

Fig. 1  Schema of miR-301 regulated pathways. A proposed model wherein miR-301 overexpression in human breast cancer can downregulate 
several mRNA targets, including Col2A1, PTEN, FoxF2, and BBC3. In turn, downregulation of Col2A1 can lead to increased migration and 
invasion. Similarly, PTEN downregulation will lead to Akt activation, which can promote VEGF expression, with increased tumor angiogenesis. 
Downregulation of FoxF2 can increase expression of Wnt5a, which can promote cell proliferation. In parallel, SKA2 is also co-expressed with 
miR-301, which can also potentially increase proliferation [40]
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of HER2/neu-induced miR-15a restrain, a better under-
standing about how HER2/neu over-expression acceler-
ates metastasis and invasion of IBC cells is well provided 
[37]. All these connections between miR-15a and HER2 
status indicate that HER-2 signalization is worthy to have 
a place in the regulation of miR-15a in IBC and miR-15a 
can be a considerable molecular bio-marker for assessing 
HER2 status in IBC [37].

miR‑342‑3p, miR‑342‑5p and menopausal state
Unlike miR-15a, miR-342-3p and miR-342-5p have close 
relationship with menopausal state of IBC patients. 
Despite that miR-342-3p and miR-342-5p belong to 
the identical family, they do not notably correlate in 
IBC. In pre-menopausal IBC patients, plasma level of 
miR-342-3p was observed to be lower; while in post-
menopausal IBC samples, serum miR-342-5p level 
was down-regulated. This finding indicating that pre/
post-menopausal status may affect miR-342-3p and 
miR-342-5p expression levels separately. Therefore, the 
potential of miR-342-3p seems to be more appropriate 
for pre-menopausal patients while miR-342-5p for post-
menopausal IBC patients [37]. Furthermore, Crippa et al. 
[47] found that miRNA-342 was significantly associated 
with estrogen receptor (ER) levels, and it is able to regu-
late BRCA1 expression through modulation of ID4 in 
breast cancer, which indicates its important role in diag-
nosis of IBC. However, to validate this hypothesis and to 
figure out the accurate mechanism of this pathway, more 
studies should be extended in the future.

Fig. 2  Schema of miR-451 regulated YWHAZ pathway. miR-451 
markedly inhibited expression of β-catenin via YWHAZ and 
subsequently inhibited downstream gene cyclin D1, c-Myc 
expression, which leads to paclitaxel resistance. Thus, downregulation 
of miR-451 is able to upregulate YWHAZ expression so that may 
reduce paclitaxel resistance in IBC [41]

Fig. 3  The complete gene targets of miR-15a identified to date and the effects of downregulating these target genes
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miRNAs predict IBC prognosis
It is widely acknowledged that predictive bio-markers 
and targeted therapies are still scarce for the prognosis 
and treatment of IBC, which may be in agreement with 
the lacking for improvement of survival rates of IBC 
patients hitherto [21]. Some previous studies have pro-
posed a few characteristics of tumor that have effect on 
IBC prognosis, such as hormone receptors, histological 
grade and so on. To predict IBC prognosis more accu-
rately, the prognostic value of miRNA has been much 
accounted of nowadays.

For breast cancer, a number of published studies have 
identified a few miRNAs that is of prognostic value. Cit-
ing an example of miR-155, Roth et al. [48] found that it 
is distinguished between healthy people and non-met-
astatic breast cancer patients through analyzing their 
serum samples. When it comes to the prognosis of IBC 
patients, several available miRNAs have also been found 
(Table 1; Fig. 9).

miRNAs associated preferable prognosis
miR‑19a
According to a study conducted by Yang et  al. [49] 
microRNA-19a-3p can inhibit breast cancer progression 
and metastasis by inducing macrophage polarization 
through downregulated expression of Fra-1 proto-onco-
gene (Fig. 4). Apart from that, based on the study led by 
Anfossi et  al. who analyzed plasma samples from IBC, 
non-IBC and healthy individuals, it was identified that 
the over-expression of miR-19a in serum was closely 
associated with a preferable clinical outcome in patients 
suffered from metastatic HER2+ IBC, which may rep-
resent a credible molecular bio-marker for prognosis of 
IBC patients [37, 50].

miR‑7
To a lesser extent, on the strength of its possible tumor-
suppressing function, a high level of miR-7 was inter-
related to favorable survival and ER(+) status in IBC 
patients. In addition, miR-7 has been speculated to 
inhibit the proliferation, migration and invasion of 
endothelial cells negatively by downregulating the expres-
sion of EGFR, IGF1R and Wave3 particularly (Fig. 5), and 
it is also able to suppress the homing and migration of 
endothelial cells to more aggressive tumor cell conditions 
[39, 51, 52].

miR‑324‑5p
Study led by Lerebours et al. [39] showed that up-regu-
lation of miR-324-5p was related to prolonged MFS in 
IBC phenotype (log rank test: p = 0.0108, HR = 4.37). 
Although it hasn’t been confirmed that miR-324-5p is 

associated with cancer samples in human, it was discov-
ered that the oncoprotein HPV16 E5 in cervical epithe-
lial cells could repress the expression of miR-324-5p [53]. 
A study conducted by Song et al. [54] provided evidence 
that sinomenine treatment suppressed breast cancer cell 
invasion and metastasis via regulation of the IL4/miR-
324-5p/CUEDC2 axis. Besides, in neuronal tumors, the 
downregulation of miR-324-5p functioned in inhibiting 
the oncogenic Hedgehog pathway by influencing car-
cinogenesis and tumor cell proliferation [55]. However, 
a large number of experiments are still needed to disclo-
sure its precise mechanism.

miRNAs associated poor prognosis
miR‑21
As an oncogenic miRNA, miR-21 has been confirmed to 
be recurrently involved in occurrence and development of 
tumor. This process is achieved mainly by targeting in spe-
cific tumor-suppressor genes such as PDCD4, PTEN, SPRY2 
(Fig. 6) [56, 57]. Liu et al. [58] also found miR-21-FOXO3a-
miR-34b/c signaling pathway in breast cancer (Fig. 7). Con-
sequently, an increased level of miR-21 is related to poor DFS 
(disease-free survival) in breast cancer [59], higher grade in 
IBC patients, as well as undesirable molecular subtypes and 
higher stages in non-IBC patients [39].

Fig. 4  Schema of miR-19a-3p regulated Fra-1 gene pathway. 
miR-19a-3p, which regulates TAMs in the breast tumor 
microenvironment, is able to regulate the phenotype of TAMs by 
targeting the Fra-1 gene and other genes in its downstream signaling 
pathway. IL-6 activates M2 polarization-related signal pathways of 
TAMs by inhibiting miR-19a-3p expression. The downregulation 
of miR-19a-3p expression in TAMs is likely due to TME induction, 
which promotes transformation of M1 to M2 and results in the 
enhancement of migration and invasion of breast cancer cells
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miR‑205
The expression level of miR-205 was reported to vari-
ate from different tumors. Among the samples of blad-
der cancer [60], endometrioid adenocarcinoma [61] 
and lung cancer [62], miR-205 was observed to be over-
expressed. While in human samples of breast cancer 
[63–65], melanoma [66] and prostate cancer [67], it was 
down-regulated.

A research of 47 individuals (23 IBC and 24 non-IBC 
human samples) conducted by Huo et al. [68] suggested 
that the low expression of miR-205 was associated with 
advanced breast cancer, particularly in inflammatory 
breast cancer. By studying cultured breast cancer cell-
lines, miR-205 is capable to inhibit proliferation, inva-
siveness, anchorage-independent growth and clonogenic 
survival, which is in agreement with its functions in 
the process of tumor growth, invasion, and metastasis 
[63]. Based on studies published before, this process is 
achieved mainly by targeting ZEB1, ZEB2, EMT (Fig. 8) 
[69], HER3, AMOT, erbB2/erbB3 and so on [60–73].

Recent published studies have found that in mouse 
models, yield of miR-205 through nanoliposomes is able 

to make breast cancer cells more sensitive to radiation 
therapy [70]. Apart from that, an antioxidant-induced 
expression of miR-205 can modulate epithelial–mes-
enchymal transition negatively, which is an significant 
early-step in tumor cell metastasis [71]. Therefore, A 
lower expression level of miR-205 was related to worse 
DMFS (distant metastasis-free survival) and OS (over-
all survival), which indicating that miR-205 can serve as 
a promising prognostic bio-marker as well as a possible 
therapeutic target for inflammatory breast cancer.

The IBC‑specific miRNAs (miR‑29a, miR‑30b 
and miR‑520a‑5p)
Based on the first-published integrated study of mRNA 
and miRNA expression in IBC, Auwera et  al. [74] dis-
criminated a set of 13 miRNAs, whose expression is 
analyzed to be distinguished between IBC and non-IBC 
patients. Some of them were associated with a dismal dis-
ease prognosis, making these miRNAs promising molec-
ular predict bio-markers for the IBC subtype.

When compared with non-IBC, scholars found that 
over-expression of 6 miRNAs (miR-335, miR-337-5p, 

Fig. 5  Schema of miR-7 regulated EGFR, IGF1R and Wave3 pathway. miR-7 is expressed at a low level in highly invasive cells, and when added as a 
form of mimic, it appears to play a more potent role in inhibition of invasive breast cancer cell migration. More importantly, miR-7 mimic indeed has 
a dual effect as it also significantly inhibits the proliferative, chemotactic and angiogenic-like homing characteristics of endothelial cells especially in 
response to o chemoattractant factors produced by aggressive breast cancer cells, also suggesting that miR-7 may be developed as an anti-cancer 
therapeutic potentially capable of suppressing breast cancer metastasis and tumour-associated angiogenesis simultaneously [52]
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miR-451, miR-486-3p, miR-520a-5p and miR-548d-5p) 
was identified in the IBC patients, while 7 miRNAs 
(miR-15a, miR-24, miR-29a, miR-30b, miR-320, miR-
342-5p and miR-432-3p) were obviously down-regulated. 
Among these 13 miRNAs, 3 miRNAs (miR-29a, miR-
30b and miR-520a-5p) related genes were able to serve 
as predicted targets. According to a gene set enrichment 
analysis, their important enrichment in various biologi-
cal processes was discriminated, which was associated 
closely to signal transduction and cell proliferation.

For miR-29a, its target genes function in DNA meth-
yltransferase activity mainly, which is demonstrated in 
lung cancer [75] and acute myeloid leukemia [76].

For miR-30b, its target genes were observed to be 
related to insulin receptor signaling, whereas target 

genes of miR-520a-5p proved to be interrelated to cell 
proliferation. The target genes of 3 miRNAs mentioned 
above such as BRWD1, NRIP1, RAPGEF6, TMPO, 
ABCE1 have close ties to patient outcome (OS, RFS 
and DMFS). Particularly, higher target genes levels of 
miR-520a-5p relevant to shorter OS, RFS and DMFS, 
demonstrating a significantly promising role of miR-
520a-5p as a prognostic bio-marker in IBC [74].

5‑miRNAs signature (miR‑421, miR‑486, miR‑503, miR‑720 
and miR‑1303)
A minimal group of 5-miRNAs is composed of miR-
421, miR-486, miR-503, miR-720 and miR-1303, which 
is highly predictive for IBC, exerting a tremendously 
remarkable discriminating value on classification per-
formance (accuracy of 89%, p < 0.0001) [39]. Unlike the 
common breast cancer biological parameters such as 
molecular subtype and grade, the 5-miRNAs expression 
signature was able to distinguish the cancer according to 
their potential risks for recurrence and aggressiveness, 
serving as a metastasis sign on the basis of tumor spread-
ing potential. According to a classification based on 
5-miRNA signature led by Lerebours et al. [39] tumors of 
IBC-like group displayed clinic-pathological characteris-
tics related to tumor aggressive behavior such as negative 
hormone receptors, higher histological grade and distant 
metastases. Furthermore, when compared with MFS 
between these two groups, survival analyses manifested 
that tumors of IBC-like group were obviously related to 
poor prognosis (log rank test: p50.0005). Therefore, this 
5-miRNAs signature can be regarded as a promising and 
predictive bio-marker of IBC phenotype.

Furthermore, according to a multivariate-analysis 
which studied all momentous prognostic factors of 

Fig. 6  Schema of miR-21 regulated PTEN, PDCD4, SPRY2 pathway. 
Schematic diagram representing the mechanism of LPA-induced 
early steps of metastasis formation. Acting on LPA1 receptor LPA 
activates PI3K/AKT inducing ZEB1 expression and down-stream 
activation of miR-21 that by inhibiting the expression of 
anti-metastatic genes (PTEN, PDCD4, SPRY2) induces cell migration, 
invasion and metastasis dissemination

Fig. 7  A model of the miR-21-FOXO3a-miR-34b/c signaling in 
breast cancer. Oncogenic miR-21 up-regulation promoted PI3K/
AKT signaling activation through directly inhibiting PTEN expression, 
a suppressor of PI3 K/AKT. The activation of AKT phosphorylates 
FOXO3a resulting in relocalization of FOXO3a proteins from nucleus 
to the cytoplasm. Nuclear FOXO3a down-regulation reduced the 
binding efficiency of FOXO3a in the promoter of miR-34b/c leading 
to decreases in the expression levels of miR-34b and miR-34c in cells
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non-IBC, the 5-miRNAs signature was an independ-
ent predictor of unfavorable metastasis free survival 
[39]. Thus, a specific gene signature resulted from these 
5-miRNAs can be a predictive bio-marker for IBC, also 
responsible for breast cancer aggressiveness generally 
[74, 77].

This hypothesis was tested by Lerebours et  al. [39] in 
the sample of 95 non-IBC patients. In this study, this sig-
nature distinguished patients into two groups. Between 
the two groups, the molecular subtype and grade of each 

group were equivalent whereas the outcome and stage 
were obviously different. Despite mis-classified sam-
ples, tumors of IBC-like group revealed aggressive clin-
icopathological characteristic with negative hormone 
receptors, high histological grade and distant metastases. 
By comparing MFS between the two groups, Lerebours 
et  al. [39] discovered that IBC-like group had close ties 
to worse prognosis. Therefore, this 5-miRNA signature 
can consequently serve as predictive bio-marker of IBC 
phenotype.

Fig. 8  Schema of miR-205 regulated ZEB1, ZEB2, EMT pathway. A model for the regulatory mechanism of EMT by Mel-18. Loss of Mel-18 in breast 
cancer leads to hypermethylation of the CGrich region of the miR-205 promoter by regulating recruitment of DNMT family proteins to the miR-205 
proximal promoter, and results in downregulation of miR-205 expression. This epigenetic repression of miR-205 leads to upregulation of the target 
genes, ZEB1 and ZEB2, and consequently activates ZEB1- and ZEB2-mediated repression of E-cadherin transcription. Thus, loss of E-cadherin by the 
miR-205/ZEB1-ZEB2 cascade following Mel-18 depletion in breast cancer induces the EMT and tumor invasion
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Conclusions
In summary, if verified in future, further studies, miR-
15a, miR-342-3p, miR-342-5p and miR-15a were asso-
ciated with a few clinicopathologic features (such as 
menopausal state and Her2 status); miR-451, miR-301b, 
miR-503, miR-720 and miR-486 could be considered and 
used as bio-markers for diagnosis of IBC; miR-19a, miR-
21, miR-7, miR-205, miR-29a, miR-30b, miR-520a-5p and 
a 5-miRNA signature (miR-421, miR-486, miR-503, miR-
720 and miR-1303) may serve as molecular bio-markers 
for prognosis of IBC. These findings may provide a bet-
ter understanding of the miRNAs signatures and roles 
in IBC, identifying several novel and minimally invasive 
bio-markers for diagnostic and prognostic strategies by 
the means of targeting specific miRNAs (Fig. 9).

However, there are still many limitations in this area. 
Firstly, most relevant literature is currently limited to 
studies on single or several miRNAs and there is a lack 
of a comprehensive network. Secondly, most of the pre-
vious studies on miRNAs are confined to detecting dif-
ferences of miRNAs expression levels between IBC and 
non-IBC samples, thus a specific IBC signature and the 
mechanism have not been completely illuminated yet. 
More importantly, the detection methods and the sample 

source of miRNAs are different between these studies, 
making the comparability of the results is not strong 
enough. We still have a long way to go to translate these 
laboratory findings to the clinic, making miRNAs practi-
cable bio-markers for IBC patients.

Therefore, future larger studies are keenly awaited and 
required to verify these preliminary findings and further 
permit us to figure out whether and how miRNAs altera-
tions are significantly associated to risk, onset and pro-
gression of the inflammatory breast cancer, and identify 
their potential as promising molecular bio-markers for 
early IBC diagnosis, prognostic and accelerate the pro-
gress of novel strategies for IBC therapy and prevention.
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