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S
everal research projects have been
involved in the identification of
factors that could help in the re-

generation of lost tissue.1 One avenue of
research has been the identification of
the specific cell-binding domain of type
I collagen.1 Type I collagen represents
about one third of the body proteins.2

Collagen, moreover, is a major determi-
nant of the architecture and tensile
strength of the tissues, and modulates
cell proliferation, migration, differentia-
tion, and specific gene expression.2

Peptide-15 is an analog of the cell-
binding domain of collagen.2 P-15 com-
petes for cell surface sites for attachment
of collagen and, when immobilized on
surfaces, it promotes adhesion of cells.3

P-15 has been shown to facilitate phys-
iological processes in a way similar to
collagen, to facilitate the exchange of
mechanical signals, and to promote cell
differentiation.4–6 Like other bone aug-
mentation materials, P-15 associated
with anorganic-derived bone matrix, has
been shown to be helpful in the treat-
ment of periodontal defects, and sinus-
lifting procedures.7–12 Because the mechanism by which

P-15 stimulates osteoblast activity to
promote bone formation is poorly un-
derstood, any information relative to
bone biology could be helpful to reach
a better comprehension of the clinical
effect induced by P-15. From this
point of view microRNAs (miRNAs)
are a new field of research.

miRNAs represent a class of small,
functional, noncoding RNAs of 19 to 23
nucleotides (nt) cleaved from 60 to 110
nt hairpin precursors.13,14 Hundreds of
miRNAs have been identified in plants
and animals. The miRNAs are involved
in various biological processes, includ-
ing cell proliferation and cell death
during development, stress resistance,

and fat metabolism, through the regu-
lation of gene expression15 in posttran-
scriptional RNA silencing pathways.
The RNA interference and the miRNA
pathway regulate gene expression by
inducing degradation or translational
repression of target mRNAs. These
pathways are generally initiated by
various forms of double-stranded
RNA, which are processed by Dicer,
an RNase III family endonuclease, to
21 to 22 nt-long RNA molecules that
serve as sequence-specific guides for
silencing.16,17

miRNAs are transcribed as long
primary transcripts, which are processed
by a nuclear RNase III Drosha-
containing complex into short hairpin
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Purpose: Peptide-15 (P-15) is an
analog of the cell-binding domain of
collagen. P-15 has been shown to fa-
cilitate physiological process in a way
similar to collagen, to serve as an-
chorage for cells, and to promote the
binding, migration, and differentiation
of cells. However, how P-15 alters os-
teoblast activity to promote bone for-
mation is poorly understood. We
therefore attempted to address this
question by using microarray tech-
niques to investigate the microRNA
(miRNA) expression in osteoblasts ex-
posed to P-15.

Materials: The miRNA oligonu-
cleotide microarray provides a novel
method to carry out genome-wide
miRNA profiling in human samples.
By using miRNA microarrays contain-
ing 329 probe designed from human
miRNA sequence, we identified in
osteoblast-like cells line (MG-63) cul-

tured with P-15 several miRNA whose
expression is significantly modified.

Results: We identified 11 up-
regulated miRNA (i.e., mir-337, mir-
15b, mir-377, mir-100, mir-148a,
mir-125a, mir-199a, mir-221, mir-let-
7d, mir-92, mir-23b) and six down-
regulated miRNA (i.e., mir-422a,
mir-19a, mir-224, mir-145, mir-22,
mir-29a).

Conclusion: The data reported
are, to our knowledge, the first on
translation regulation in osteoblasts
exposed to P-15. They can be relevant
to better understand the molecular
mechanism of bone regeneration and
can serve as a model for comparing
other materials with similar clinical
effects. (Implant Dent 2008;17:100–
108)
Key Words: P-15, bone morphoge-
netic protein, miRNA, microarray,
gene expression, gene profiling
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intermediates. These intermediate forms
are transported to the cytoplasm where
they are further processed by a second
RNase III-family enzyme called Dicer
to generate 22-bp RNA duplexes with
2-nt 3� overhangs.18–21

miRNAs are loaded onto an Argo-
naute containing effectors ribonucleopro-
tein complex, referred to as miRNP or
RNA-induced silencing complex, which
is capable of recognizing cognate mRNAs
and inhibiting protein expression.

Recent advances in spotted oligonu-
cleotide microarray labeling and detection
have enabled the use of this high-
throughout technology for miRNA
screening.

Microarray is a molecular technol-
ogy that enables the analysis in parallel
on a very large number of DNA or RNA
fragments, spanning a significant frac-
tion of the human genome. Gene expres-
sion is performed by a process of (i)
miRNA extraction, (ii) labeling (differ-
ent dyes are used for reference untreated
cells and investigated cells—i.e., cul-
tured with P-15), and (iii) hybridization
on slides containing miRNA probes.
Then the slides are scanned with a laser
system, and two false color images are
generated for each hybridization with
miRNA from the investigated and refer-
ence cells. The overall result is the gen-
eration of a so-called genetic portrait. It
corresponds to up- or down-regulated
miRNA in the investigated cell system.

We used a recently developed
methodology for miRNA gene expres-
sion profiling based on the hybridization
of a microchip, the Ncode Multi-Species
miRNA Microarray, a slide printed with
approximately 900 unique probe of
miRNA sequences for Homo sapiens,
Mus musculus, Rattus norvegicus, Dro-
sophila melanogaster, Caenorhabditis
elegans, and Danio rerio.

Because there is no study available
concerning the effects of P-15 on RNA
interfering, we compared miRNA ex-
pression (and consequently gene regula-
tion) in human MG63 cells treated with
P-15 versus untreated MG63 cells by
the microarray analysis of the 329 hu-
man miRNAs sequences.

MATERIALS AND METHODS
Cell Culture

Osteoblast-like cell (MG63) were
cultured in sterile Falcon wells (Becton

Dickinson, Franklin Lakes, NJ) contain-
ing Eagle’s minimum essential medium
supplemented with 10% fetal calf serum
(Sigma Chemical Co., St. Louis, MO)
and antibiotics (penicillin 100 U/mL and
streptomycin 100 �g/mL; Sigma Chem-
ical Co.). Cultures were maintained in a
5% CO2 humidified atmosphere at
37°C.

MG63 cells were collected and
seeded at a density of 1 � 105 cells/mL
into 9 cm2 (3 mL) wells by using 0.1%
trypsin, 0.02% EDTA in Ca2� and Mg-
free Eagle’s buffer for cell release. One
set of wells were added with P-15
(Ceramed, Lakewood, CO) at the con-
centration of 10 �L/mL. P-15 was pre-
viously prepared by adding 2 mL
serum-free medium in 1 g of P-15 for
1 hour at room temperature. After 24
hours, when cultures were subconflu-
ent, cells were processed for RNA
extraction.

miRNA Microarray

miRNA were extracted from the
cells using the PureLink miRNA Iso-
lation Kit (Invitrogen, Carlsbad, CA).
From each sample (treated and con-
trol) 400 ng of miRNA was used for
hybridization of NCode Multi-Species
miRNA Microarray (Invitrogen), a
slide containing 329 human miRNAs
sequences in duplicate.

NCode miRNA Labeling System
(Invitrogen) was used for labeling and
hybridizing miRNA to microarray, ac-
cording to the manufacturer’s instruc-
tions. Briefly, a poly(A) tail was added
to each miRNA, using a poly A poly-
merase and an optimized reaction
buffer. Then, a capture sequence was
ligated to the miRNA using a bridging
oligo(dT). After a purification step, the
tagged miRNAs were hybridized to the
microarray and incubated overnight.

After an incubation of 18 to 20
hours, the array was washed and hybrid-
ized with Alexa Fluor 3 capture reagents
(for the control) and Alexa Fluor 5 cap-
ture reagents (for the treated cells) and
then switched. After another wash, the
array was scanned using a standard mi-
croarray scanner (Axon Instruments,
Sunnyvale, CA). After scanning, each
spot is identified by means of GenePixR
Array List file downloaded from www.
invitrogen.com/ncode, which lists the
identities and locations of all the probes
printed on the array.

Images were quantified by Gene-
Pix 6.0 software (Axon Instruments).
Signal intensities for each spot were
calculated by subtracting local back-
ground from total intensities. The data
were normalized by using the DNMAD
and Preprocessing (http://gepas.bioinfo.
cipf.es/cgi-bin/tools).22,23 This generates an
average value of the two spot replicates of
each miRNA.

To select the differentially ex-
pressed miRNA, the data obtained
were analyzed using the Significance
Analysis of Microarray package.24

For target predictions and valida-
tions, miRNA were processed using
miRBase Target, a Web resource (http://
microrna.sanger.ac.uk/targets/v4/) de-
veloped by the Enright Lab at the Well-
come Trust Sanger Institute. This source
uses an algorithm called miRanda to
identify potential binding sites for a
given miRNA in genomic sequences.

The gene target list was then pro-
cessed by FatiGO (http://fatigo.bioinfo.
cnio.es), a Web interface that carries out
simple data mining using gene ontology.
The data mining consists on the assig-
nation of the most characteristic gene
ontology term to each cluster of regu-
lated genes.

RESULTS

Hybridization of miRNA (derived
form MG63 cultured with P-15 at the con-
centration of 10 �L/mL) to the se-
quences spotted on the slide allowed
us to perform systemic analysis of
miRNAs and to provide primary infor-
mation with regard to the regulation of
translation process induced by P-15.
There were 11 up-regulated miRNA
(i.e., mir-337, mir-15b, mir-377, mir-
100, mir-148a, mir-125a, mir-199a,
mir-221, mir-let-7d, mir-92, mir-23b)
and six down-regulated miRNA (i.e.,
mir-422a, mir-19a, mir-224, mir-145,
mir-22, mir-29a) for false discovery
rate � 0 and score �14. Figure 1 is the
graphic output of Significance Analysis
for Microarray and shows differentially
expressed miRNA. Because miRNA
potentially regulates thousands of genes,
in this study, we selected only genes
related to osteogenesis and bone remod-
eling (Table 1). Genes with opposed
regulation were excluded.
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DISCUSSION

P-15 is an highly conserved linear
peptide with a 15-amino acid sequence
identical to the sequence contained in
the residues 766 to 780 of the �-chain of
type I collagen.1 To get more informa-
tion concerning the manner in which
P-15 alters osteoblast activity to pro-
mote bone formation, we attempted to
address this question by using a new
method, miRNA microarray.

miRNAs are a recently discovered
class of small, �19 to 23-nucleotide
noncoding RNA molecules. They are
cleaved from 70 to 110-nucleotide

hairpin precursors and play an impor-
tant role in the posttranscriptional reg-
ulatory process. miRNAs are not
translated into proteins; instead, they
regulate the expression of other genes
by either cleaving or repressing the
translation of their mRNA targets.

Hybridization of miRNA derived
from MG63 cultured with 10 �L/mL of
P-15 to the sequences spotted on the
slide allowed us to perform systemic
analysis of miRNAs and to provide
primary information concerning regu-
lation of translation induced by P-15
(Table 1).

Most of detected genes are down-
regulated and among them are some ho-
meobox genes (i.e., genes that regulate
the morphogenesis of part of the body).
Noggin or NOG inactivates members of
the TGF-� superfamily signaling pro-
teins, such as BMP4. By diffusing
through extracellular matrices more ef-
ficiently than members of the TGF-�
superfamily, noggin may have a princi-
pal role in creating morphogenic
gradients.25 HOXD13 belongs to the ho-
meobox family of genes named HOX
and is divided in four groups (from A to
D). Mutations in HOXD13 cause syn-
polydactyly.26 SHOX (Short stature
Homeobox-containing gene) is involved
in idiopathic growth retardation and in
the short-stature phenotype of Turner
syndrome patients.27 The human en-
grailed homologs 1 (i.e., EN1) is impli-
cated in the control of pattern formation
during limb development.28 Another
group of down-regulated genes are hor-
mones or cytokines. IGF1 (or insulin-
like growth factors) mediates many of
the growth-promoting effects of growth
hormone.29 GDF11 is a member of the
BMP family and the transforming
growth factor (TGF)-� superfamily. It
has a role in mesodermal formation and
neurogenesis during embryonic devel-
opment.30 Finally, COMP is a noncol-
lagenous extracellular matrix protein
and its mutations cause the osteochon-
drodysplasias pseudoachondroplasia
and multiple epiphyseal dysplasia.31

CONCLUSION

The genes discussed are only a
limited number among those differen-
tially regulated by miRNA reported in
Table 1. We briefly described some of
those with a better-known function
and directly related to bone formation,
skeletal development, cartilage re-
modeling, and bone production. In
addition, the fact that several genes
related to bone formation have a trans-
lational negative control can be related
to the early stage analyzed (i.e., MG63
cultured for 24 hours until they are
subconfluent). This phase is character-
ized by elevated rates of mitosis and a
low extracellular matrix production
and differentiation.

It is worth noting that MG63 are a
cell line and not normal osteoblasts.
Notwithstanding the advantages of us-

Fig. 1. Significance Analysis of Microarray plot of MG63 cultured for 24 hours with P-15 at the
concentration of 10 �L/mL. Expected differentially expressed miRNAs are reported in x axis
whereas observed differentially expressed miRNAs are in y axis. Down-regulated miRNAs are
located in the lower left side of the diagram; up-regulated miRNAs are in the upper right side;
miRNAs with different expression but statistically not significant are black dots. Parallel lines
drowned from lower-left to upper-right squares are the cut-off limits. The solid line indicates the
equal value of observed and expected differentially expressed miRNAs.

Table 1. Down- and Up-Regulated Genes in MG63 Cultured for 24 Hours With
P-15 at the Concentration of 10 �L/mL

miRNA Biological Function

Target Genes

Symbol Name

Up-regulated Skeletal development HOXD13 Homeobox D13
AEBP1 AE binding protein 1
SHOX Short stature homeobox
EN1 Engrailed homolog 1
COMP Cartilage oligomeric matrix protein
SUFU Suppressor of fused homolog
IGF1 Insulin-like growth factor 1
MATN1 Matrilin 1, cartilage matrix protein

Cartilage development NOG Nogging
Down-regulated Bone formation TFIP11 Tuftelin interacting protein 11

102 PEPTIDE-15 CHANGES MIRNA EXPRESSION IN OSTEOBLAST-LIKE CELLS



ing a cell line is related to the fact that
the reproducibility of the data is higher
as compared with the same number of
primary cultures. In fact in this case, as
there is a variability related to the patient
it will be necessary to have a higher
number of cultures (i.e., samples from
patients). Primary cell cultures provide a
source of normal cells but they also con-
tain contaminating cells of different
types and cells in variable differentiation
states. Moreover, we have chosen to
perform the experiment after 24 hours to
get information on the early stages of
stimulation. It is our understanding,
therefore, that more investigations with
other osteoblast-like cell lines, primary
cultures, and different time points are
needed to get a global comprehension of
the molecular events related to P-15 ac-
tion. The reported data can be a model
to compare different substances with
similar effects.
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Peptide-15 verändert den Ausdruck von miRNA in osteo-
blastartigen Zellen

ZUSAMMENFASSUNG: Zielsetzung: Peptide-15 (P-15)
stellt einen Analogstoff der zellbindenden Domäne des Kol-
lagen dar. P-15 hat dabei Eigenschaften hinsichtlich der Er-
leichterung des physiologischen Prozesses vergleichbar dem
Kollagen bewiesen und dient damit als Anker für Zellen und
fördert die Anbindung, Migration sowie Differenzierung der
Zellen. Allerdings besteht nach wie vor wenig Verständnis
dafür, auf welche Weise P-15 die Osteoblastenaktivität ve-
rändert, um darüber eine Förderung der Knochengewebsbil-
dung zu erzielen. Daher haben wir versucht uns dieser Frage
zuzuwenden. Über Mikrogruppierungstechniken wurde der
microRNA-Ausdruck in dem Stoff P-15 ausgesetzten Osteo-
blastenzellen untersucht. Materialien und Methoden: Die
Mikrogruppierung des miRNA-Oligonukleotids bietet eine
neuartige Methode zur genomweiten Erstellung von
microRNA-Profilen am Menschen. Durch die Verwendung
von miRNA-Mikrogruppierungen mit 329 Proben, die aus
menschlichen miRNA-Sequenzen gewonnen wurden, fanden
wir verschiedene miRNA mit maßgeblich veränderten Aus-
drücken in der mit P-15 kultivierten Osteoblastenartigen
Zelllinie (MG-63). Ergebnisse: Wir bestimmten 11 nach
oben hin regulierte miRNA (d. h. mir-337, mir-15b, mir-377,
mir-100, mir-148a, mir-125a, mir-199a, mir-221, mir-let-7d,
mir-92, mir-23b) sowie 6 nach unten regulierte miRNA
(i.e. mir-422a, mir-19a, mir-224, mir-145, mir-22, mir-29a).
Schlussfolgerung: Die in diesem Bericht zusammenge-
tragenen Daten machen unseres Wissens nach die erste Studie
hinsichtlich der Translationsregulierung bei dem Stoff P-15
ausgesetzten Osteoblastenzellen aus. Sie können wesentlich
zu einem besseren Verständnis der molekularen Abläufe der
Knochengewebsregeneration beitragen sowie als Modell zum
Vergleich anderer Materialien mit ähnlichen klinischen Ef-
fekten dienen.

SCHLÜSSELWÖRTER: P-15; morphogenetisches
Knochengewebsprotein; miRNA; Mikrogruppierung;
Genausdruck; genetisches Profil

SPANISH / ESPAÑOL
AUTOR(ES): Annalisa Palmieri, PhD, Furio Pezzetti, PhD,
Giorgio Brunelli, MD, Marcella Martinelli, PhD, Lorenzo Lo
Muzio, MD, Antonio Scarano, DDS, Marco Degidi, MD,
Adriano Piattelli, MD, y Francesco Carinci, MD. Correspon-
dencia a: Francesco Carinci, MD, Dept. of DMCCC, Section of
Maxillofacial Surgery, University of Ferrara, Corso Giovecca,
203, 44100 Ferrara, Italy. Teléfono/Fax: �39.0532.291582,
Correo electrónico: crc@unife.it; Web: www.carinci.org
El Péptido-15 cambia la expresión de miARN en células
similares a osteoblastos

ABSTRACTO: Propósito: El Péptido-15 (P-15) es un com-
puesto análogo del grupo de aglutinadores de células del
colágeno. El P-15 ha demostrado facilitar el proceso fisio-
lógico de manera similar al colágeno, para servir como an-
claje a las células y promover el aglutinamiento, migración y
diferenciación de las células. Sin embargo, no se entiende con
claridad cómo altera el P-15 la actividad del osteoblasto para
promover la formación de hueso. Por lo tanto, intentamos
ocuparnos de esta pregunta usando una técnica de microma-
triz para investigar la expresión microARN en los osteoblas-
tos expuestos a P-15. Materiales y Métodos: La micromatriz
oligonucleótida de miARN proporciona un novedoso método
para completar un perfil de microARN en todo el gen en
muestras humanas. Al usar micromatrices de miARN que
contienen 329 sondas diseñado de la secuencia de microARN
humano, identificamos en la lı́nea de células similares a
osteoblastos (MG-63) cultivadas con P-15 varios miARN
cuya expresión está significativamente modificada. Resulta-
dos: Identificamos 11 miARN regulados hacia arriba (o sea,
mir-337, mir-15b, mir-377, mir-100, mir-148a, mir-125a,
mir-199a, mir-221, mir-let-7d, mir-92, mir-23b) y 6 miARN
regulados hacia abajo (o sea, mir-422a, mir-19a, mir-224,
mir-145, mir-22, mir-29a). Conclusión: Los datos incluidos
son, según nuestros conocimientos, el primer estudio sobre la
regulación de la traducción en osteoblastos expuestos a P-15.
Pueden ser relevantes para entender mejor el mecanismo
molecular de la regeneración de hueso y como modelo para
comparar otros materiales con efectos clı́nicos similares.

PALABRAS CLAVES: Péptido P-15; proteı́na morfoge-
nética del hueso; miARN; micromatriz; expresión del gen;
perfil del gen
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Peptı́deo-15 altera a expressão de miRNA em células to tipo
osteoblasto

RESUMO: Objetivo: O Peptı́deo-15 (P-15) é um análogo do
domı́nio de colágeno de ligação da célula. O P-15 mostrou
facilitar o processo fisiológico de modo semelhante ao colágeno,
servir como ancoragem para células e promover a ligação,
migração e diferenciação de células. Contudo, como o P-15
altera a atividade do osteoblasto para promover a formação de
osso é deficientemente compreendido. Portanto, tentamos tratar
essa questão usando técnicas de microarranjo para investigar a
micro expressão de RNA em osteoblastos expostos a P-15.
Materiais e Métodos: O microarranjo do oligonucleotı́deo de
miRNA fornece um método moderno de realizar perfilamento
de microRNA com abrangência do genoma em amostras huma-
nas. Usando microarranjos de miRNA contendo 329 sondas
projetadas a partir de seqüência de miRNA Humano, identifi-
camos na linha de células do tipo osteoblasto (MG-63) cultivada
com P-15 vários miRNA cuja expressão está significativamente
modificada. Resultados: Identificamos 11 miRNA regulados
para cima (i.e. mir-337, mir-15b, mir-377, mir-100, mir-148a,
mir-125a, mir-199a, mir-221, mir-let-7d, mir-92, mir-23b)
e 6 miRNA regulados para baixo (i.e. mir-422a, mir-19a, mir-
224, mir-145, mir-22, mir-29a). Conclusão: Os dados relatados
são, até onde conhecemos, o primeiro estudo sobre regulação da
tradução em osteoblastos expostos a P-15. Eles podem ser rel-
evantes para melhor entender o mecanismo molecular da regen-
eração do osso e como modelo para comparar outros materiais
com efeitos clı́nicos semelhantes.

PALAVRAS-CHAVE: P-15; proteı́na morfogenética do osso;
miRNA; microarranjo; expressão do gene; perfilamento do
gene
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Peptid-15, osteoblast benzeri hücrelerde miRNA ekspresyo-
nunu deðiþtirir

ÖZET: Amaç: Peptid-15 (P-15), kollajenin hücreye bağlanan
alanının bir analogudur. P-15�in kollajene benzer şekilde
fizyolojik süreci kolaylaştırdığı, hücreler için bir ankraj rolü
oynadığı ve hücrelerin bağlanmasını, migrasyonunu ve ayırı-
mını ilerlettiği gösterilmiştir. Ancak, P-15�in osteoblast ak-
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tivitesini nasıl değiştirerek kemik formasyonunu ilerlettiği
halen iyi bir şekilde anlaşılamamaktadır. Bu nedenle am-
acımız, mikrotest (microarray) tekniklerini kullanarak P-15�e
maruz kalmış osteoblastlarda mikroRNA ekspresyonunu
araştırmaktı. Gereç ve Yöntem: miRNA oligonükleotid mik-
rotesti, insan örneklerinde genom-çapında mikroRNA profil-
lemesi için yeni bir yöntem sunar. İnsan miRNA sekansından
tasarlanan 329 prob içeren miRNA mikrotestlerini kulla-
narak, P-15 ile ekim (kültür) yapılmış osteoblast benzeri
hücre (MG-63) hattında ekpresyonu önemli ölçüde değişmiş
birçok miRNA tanımladık. Bulgular: 11 up-regülasyonlu
miRNA (örn. mir-337, mir-15b, mir-377, mir-100, mir-148a,

mir-125a, mir-199a, mir-221, mir-let-7d, mir-92, mir-23b) ve
6 down-regülasyonlu miRNA (örn. mir-422a, mir-19a, mir-
224, mir-145, mir-22, mir-29a) tanımladık. Sonuç: Bilgimize
göre burada bildirilen veriler, P-15�e maruz kalmış osteo-
blastlarda çeviri regülasyonunun ilk çalışmasını oluşturmak-
tadır. Bu veriler, kemik rejenerasyonunun moleküler
mekanizmasını anlamaya yardımcı olabileceği gibi, benzer
klinik etkileri olan diğer materyallerle karşılaştırmalarda
model de olabilir.

ANAHTAR KELÝMELER: P-15; kemik morfogenetik pro-
tein; miRNA; mikrotest; gen ekspresyonu; gen profilleme
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