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Preliminary analysis of different microRNA
expression levels in juvenile angiofibromas
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Abstract. Juvenile angiofibroma (JA) is a rare fibrovascular
tumor affecting, almost exclusively, adolescent males. The
finding of frequent B-catenin-mutations in JAs emphasized
the significance of the Wnt-signaling pathway in tumor patho-
genesis. In the last decade, microRNAs (miRNAs or miRs)
have been found to be involved in cancer pathogenesis by
post-transcriptional regulation of gene expression and have not
been analyzed in JAs thus far. In the present study, the expres-
sion of 4 miRNAs (hsa-let-7d, hsa-miR-98, hsa-miR-125a-5p
and hsa-miR-218) was analyzed in 13 JAs and 3 deepithelized
inferior nasal turbinates that were used as control tissue. The
miRNA expression of hsa-let-7d (P=0.158) and hsa-miR-98
(P=0.069) was not statistically different between the two
tissue types, however, a significant decrease in expression was
observed for hsa-miR-125a-5p (P=0.037) and hsa-miR-218
(P=0.009) in JAs compared to inferior nasal turbinates. As
downregulation of miRNA 218 has been recently shown to
result in stabilization and nuclear accumulation of [3-catenin,
the present data indicates further evidence for the importance
of the Wnt-signaling pathway in JAs.

Introduction

Juvenile angiofibroma (JA) is a unique fibrovascular tumor that
affects adolescent males almost exclusively. Tumor origin has
been depicted close to the pterygoid base and sphenopalatine
foramen. Branches of the external carotid artery (mainly
maxillary/sphenopalatine artery) and also the internal carotid
artery can support this highly vascularized tumor. Despite
having a benign nature, JAs may show an aggressive growth
pattern with bone destruction. In contrast to these well-known
clinical tumor characteristics (1), tumor biology has only
recently started to be elucidated.
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In recent years, microRNAs (miRNAs or miRs), which are
small molecules of <20-23 nucleotides, have been shown to be
involved in post-transcriptional regulation of gene expression
and are therefore the focus for tumor pathogenesis, as cancer
diagnostic markers and in anticancer therapy (2). Numerous
miRNAs have been found to be up or downregulated, not
only in various tumors, such as head and neck squamous cell
carcinomas (HNSCC) (3), but are also associated with chronic
rhinosinusitis and allergic rhinitis (4).

The altered function of the Wnt-f3-catenin-signaling
pathway components is associated with a variety of types
of cancer. In the absence of Wnt, glycogen synthase kinase
(GSK)-3p collaborates with other factors to phosphorylate
[(-catenin, preventing its nuclear accumulation and leading
to ubiquitination and degradation of [3-catenin. Notably, this
has occurred in <75% of analyzed JA p-catenin-mutations
observed, which are known to result in stabilization and nuclear
accumulation of (-catenin (5). A highly noteworthy finding in
this context is the affect of miRNA 218 on the Wnt-signaling
pathway. Via inhibition of Akt (6), miRNA 218 can induce the
inhibition of GSK-3f, resulting in B-catenin stabilization. To
the best of our knowledge, this is the first study that aimed
to analyze miRNA deregulation of 4 different miRNAs with
regards to [3-catenin signaling in JA.

Materials and methods

Patients. Tumor samples from 13 male angiofibroma patients
(median, 15 years) were examined. Approval for the study was
obtained from the Local Ethics Committee. Tumor diagnosis
was confirmed by detailed histopathological evaluation, as
described previously (7). At the time of tumor sample collec-
tion, one patient was at tumor grade I and 12 were tumor
grade III. The tissue from the inferior nasal turbinates was
available from inferior turbinate surgery for treatment of nasal
obstruction in otherwise healthy individuals and served as
control tissue. The tissue samples were snap-frozen in liquid
nitrogen in the laboratory within minutes of collection. Prior
to surgery, all the patients were informed and provided written
consent for donating tissue for research purposes.

miRNA isolation. For miRNA expression analysis, the super-
ficial epithelial layer of the nasal turbinates was removed in
order to obtain homogenous stromal tissue samples beside the
tumor probes. All the frozen tissue samples were homogenized
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Figure 1. Normalized expression of analyzed microRNAs (miRNAs or miRs). Boxplots of miR-125a-5p, miR-218, miR-98, let-7d in subepithelial inferior tur-
binate tissue (n=3) served as controls and angiofibroma tissue (n=13) derived from reverse transcription-quantitative polymerase chain reaction are shown. The
expression results were considered to indicate a statistically significant difference when P<0.05 ("P<0.05; “P<0.01) using Mann-Whitney U test. Angiofibroma
grade I represents the statistical outlier (0'°) compared to the angiofibroma grade III (n=12).

and total RNA, including miRNA, was isolated using the
miRNeasy Mini kit (Qiagen, Hilden, Germany) according
to the manufacturer's instructions. RNA was quantified
using a NanoDrop™ Spectrophotometer ND-1000 (Peqlab
Biotechnologie GmbH, Erlangen, Germany) and stored at
-20°C until required.

Reverse transcription quantitative polymerase chain reac-
tion (RT-gPCR). The expression of 4 miRNAs was analyzed
using RT-qPCR and TagMan® miRNA assays (Applied
Biosystems Inc., Foster City, CA, USA). For hsa-let-7d,
hsa-miR-98, hsa-miR-125a-5p and hsa-miR-218 miRNA and
the endogenous control, RNU48, a total of 100 ng RNA was
converted into cDNA using the TagMan® MicroRNA Reverse
Transcription kit (Applied Biosystems Inc.) according to the
manufacturer's instructions. qPCR was performed with the
TagMan® Gene Expression Master mix (Applied Biosystems
Inc.) in a total volume of 10 ul per reaction containing
1 ul cDNA by the StepOnePlus™ Real-Time PCR System
(Applied Biosystems Inc.) with the following thermal cycling
parameters: Enzyme activation at 95°C for 10 min, 45 cycles
of denaturation at 95°C for 15 sec and annealing/extension at
60°C for 60 sec. The PCR reaction for each miRNA-cDNA
was run in triplicate, as well as a negative control without a
template, which was conducted in parallel to assess the speci-
ficity of the PCR reaction.

Statistical analysis. All the qPCR data were analyzed using
the Relative Expression Software Tool V 2.0.13 (REST 2009;
Qiagen). Mann-Whitney U tests and boxplots diagrams were
generated using SPSS 20 (IBM, Armonk, NY, USA). P<0.05
was considered to indicate a statistically significant difference.

Results

miRNA analysis. RT-qPCR was performed for 4 miRNAs
(hsa-let-7d, hsa-miR-98, hsa-miR-125a-5p and hsa-miR-218)
in 13 JAs and 3 inferior nasal turbiantes. For all the 4 tested
miRNAs, the expression level was found to be lower in JAs
compared to nasal turbinates. However, the 2 miRNAs
hsa-let-7d (P=0.158) and hsa-miR-98 (P=0.069) showed no
statistically significant difference in expression between
angiofibroma and inferior turbinate tissue, but a statistically
significant lower expression was observed for hsa-miR-125a-5p
(P=0.037) and for hsa-miR-218 (P=0.009) in JAs (Fig. 1).

Discussion

To the best of our knowledge, this is the first study to analyze
miRNA in JA. A lower expression that was not statistically
different was found for miRNA 98 and miRNA let-7d in
JAs compared to the control tissue. Regarding the cellular
heterogeneity of JAs (7) and due to numerous other cells
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being present in JAs, the present study may have failed to
detect a statistical difference due to dilution of the tumor
cell miRNA by miRNAs from other cells. The downregula-
tion of the miRNAs may be important only in the tumor
cell of JAs that remain to be defined. In other tumor entities,
the expression level of miRNA 98 appears to be controver-
sial. In the small cell lung cancer and also the HNSCC cell
lines, miRNA 98 has been reported to be upregulated (8.,9),
whereas in nasopharyngeal carcinoma it was underexpressed
in relapsed patient samples (10). Furthermore, low expression
levels of miRNA let-7d in combination with a downregulation
of miRNA 205 have been found in HNSCC tissue indi-
cating them as prognostic markers (11). In cell lines derived
from oral cancer, miRNA let-7d overexpression reversed
epithelial-mesenchymal transition, blocked migratory/invasive
abilities and increased chemosensitivity (12). Regarding the
suggested role of mesenchymal-epithelial transition, down-
regulation of miRNA let-7d correlates with the assumption
of reversed epithelial-mesenchymal transition in the case of
miRNA let-7d overexpression.

Notably, a tumor suppressive effect of miRNA 125a-5p
has previously been described in gastric, breast and lung
cancers (13-15). In addition, miRNA 125a-5p has been
proposed as an independent prognostic marker in gastric
cancer (16). miRNA 125a-5p has a critical role in inhib-
iting tumor migration and invasion in lung cancer (17).
Gain-of-function experiments in lung cancer cell lines have
shown that miRNA 125a-5p suppressed proliferation and
induced apoptosis (15). In HNSCC, miRNA 125a-5p did not
change (18) or was reduced regarding human papillomavirus
(HPV)-positive tumors (19). In the present study, JA is shown
to be one of numerous neoplasms that exhibit downregulated
miRNA 125a-5p.

Similar to the aforementioned studies, reduced miRNA 218
was observed in cervical squamous cell carcinomas (20).
Notably, cervical intraepithelial neoplasia and cervical
carcinoma cells with high-risk HPV infection compared to
intermediate- or low-risk HPV infections also showed reduced
miRNA 218 expression (21,22). Based on the current knowl-
edge of other tumors, the downregulation of miRNA 125a-5p
and miRNA 218 supposedly increases proliferation by loss of
the tumor suppressive activity in JAs.

Furthermore, the effect of miRNA 218 on the Wnt-signaling
pathway is noteworthy, particularly in JA. GSK-3f usually leads
to a complex of axin and adenomatous polyposis coli, which
results in destabilization and degradation of [3-catenin. In this
context, miRNA 218 can induce, via inhibition of Akt, the inhi-
bition of GSK-3p. This effect results in stabilization and further
translocation of f-catenin from the cytoplasm to the nucleus
leading to specific gene activations (6,23,24). As the frequently
observed [3-catenin mutations in JAs have been previously indi-
cated to result in nuclear accumulation of stabilized [3-catenin,
the present finding of miRNA 218 downregulation represents a
further pathway leading to nuclear accumulation of -catenin
in JAs and also in other tumor entities.

However, focus on the analysis of miRNA 218 in carcinomas
is of interest in JAs, and the possible role of miRNA in develop-
ment also requires investigating. JAs have been suggested to
present vascular malformations (25) that arise from remnants
of the first branchial arch artery (26). Currently, the detection of
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laminin a2, expression patterns of collagen I and collagen VI,
as well as detection of teashirt zinc finger homeobox 1 in JAs
support the definition of JAs as a vascular malformation (27,28).
Regulation of vascular patterning is attributed to miRNA 218 by
modulation of Slit-Robo signaling. Knock-down of miRNA 218
was found to result in abnormal endothelial cell migration and a
reduced complexity of the retinal vasculature (29).

In conclusion, to the best of our knowledge this is the first
study to analyze miRNA expression in JAs with regards to
observing deregulation of miRNAs. Statistically significant
downregulation of miRNA 125a-5p is believed to stimulate
miRNA tumor growth by the loss of this tumor suppressor.
The downregulation of miRNA 218 and its effect on 3-catenin
is a novel finding that emphasizes the significance of 3-catenin
in tumor biology.
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