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Abstract

Introduction: Tissue engineering aims at the development of biological 
substitutes that can restore, maintain, or improve the functionality 
of damaged tissue or organs. To this end, molecular and cellular 
interactions may influence the tissue reactions to biomaterials. In 
order to be effective and integrated to the receiving area, the bone 
graft is required to allow a strong cell adhesion, interacting with 
several molecules to induce migration, differentiation, and thus the 
mineralization of the new bone on the graft. These cell adhesion 
molecules (CAM) will mediate the contact between two cells or 
between cells and the extracellular matrix, an essential process to 
the success of the implant. Objective: This paper is a systematic 
review of the literature on the mechanisms of cell adhesion to bone 
grafts associated to nanotechnology, describing the importance 
and the role of those molecules in the adhesion and thus in tissue 
regeneration. Literature review: After the use of search strategies, 
18 articles that describe processes of cell adhesion to bone grafts 
were selected. Results: The main reported mechanisms involve cell 
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adhesion molecules (CAMs) and extracellular matrix components. 
Conclusion: Several molecules are involved in the process of cell 
adhesion to bone grafts, highlighting the role of integrins, the focal 
adhesion mechanism, the influence of the collagen matrix, and the 
activity of alkaline phosphatase in bone matrix formation. Accurate 
identification of these mechanisms of cell adhesion is essential for 
further advancement in tissue engineering, such as the production of 
biological bone substitutes that achieve a better clinical outcome.

Introduction

Bone regeneration is a complex and continuous 
process aiming at the anatomic and functional 
restoration and it can demand the use of biomaterials 
to promote a fast bone formation. Likely other 
tissues, many events occur when a given biomaterial 
is in contact with the biological bone environment, 
with molecular and cellular interactions influencing 
on the tissue features surrounding the biomaterial. 
In its presence, growth factors either adsorb 
or moisten the surface of the bone substitutes, 
promoting an adequate integration with the host 
bone [13].

Tissue engineering is a strategy very used to 
obtain functional repairing through the development 
of biological substitutes that can restore, keep or 
substitute damaged tissues or organs [31], through 
the combination of scaffolds biocompatible with 
live cells and/or bioactive molecules [19]. In this 
procedure it is possible to use stem cells obtained 
from different sources. 

The use of nanotechnology plays an important 
role in tissue engineering because the properties 
that this technology adds to the material, such as 
the greater surface area and greater roughness, 
improve the physical-chemical properties which 
mimic those of the natural tissues and organs [31]. 
These properties will act mediating the action of 
cell adhesion proteins, regulating cell behavior and 
causing tissue regeneration. Within bone tissue, 
the use of nano-modified scaffolds is a promising 
alternative aiming to accelerate the repair process 
and to reestablish the height and volume of the bone 
lost. Notwithstanding, to achieve the effectiveness 
and integration of the grafted tissue to the receptor 
site, it is necessary a strong cell adhesion, so that it 
demands many molecules interaction to induce cell 
differentiation and the bone matrix mineralization 
formed onto the graft. Some of these molecules are 
glycoproteins expressed on the cell surface, so-
called cell adhesion molecules (CAM), which mediate 
either the contact between two cells or the contact 

among cells and the extracellular matrix, being 
therefore of fundamental importance for adhesion 
[3]. CAMs have been classified into: cadherins, 
the immunoglobulin superfamily, integrins and 
selectins. To occur the adhesion of CAMs to the 
biomaterial, it is necessary their interaction with 
some components of extracellular matrix, such as 
proteoglycans, collagen and proteins [23].

Many of the properties giving biocompatibility 
to materials are closer related to the reaction of 
cells during contact, mainly in adhesion to their 
surface. The first interaction phase between the cell 
and biomaterial is characterized by events, such 
as approximation, adhesion and “spreading”. The 
quality of this first phase will influence on the cell 
capacity to proliferate and differentiate in contact 
with the grafted material. This is essential for graft 
effectiveness, in order to establish a mechanically 
solid surface, by the complete fusion between the 
material and bone tissue and without the presence 
of a fibrous interface [3].

The aim of this study was to analyze the 
most updated studies on the mechanisms of cell 
adhesion to bone grafts using nanotechnology 
by modifying the surface that potentiates these 
processes. Also, it is described the importance and 
role of CAMs in cell adhesion, and consequently in 
tissue regeneration. 

Literature review

The electronic search of the studies was 
executed until the ending of March of 2012, within 
journals available on PubMed/Medline database and 
published from 2007 to 2011. To perform the search, 
the search tool «advanced», available at NCBI site, 
was used by combining the descriptors All fields 
«nanotechnology and tissue engineering» and Date 
publication «2007/01/01 to 2011/12/31».

Inclusion criteria comprised the use of studies 
which the complete text could be accessed, in English 
language, classified as experimental studies with 
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main objective of the use of nanotechnology applied to biomaterials for bone grafts, which described 
the process of cell adhesion. 

The selection of the studies began by the evaluation of their titles identified by the application of the 
search strategy. The studies whose titles did not meet the aim of this present systematic review were 
excluded. All other studies were pre-selected and had their abstracts analyzed. Both the studies whose 
abstracts met the inclusion criteria and those which the abstracts did not provide enough data had 
their complete text analyzed. After the reading of the complete text, the studies describing experiments 
on other tissues or those which adhesion mechanism were not clear were excluded. 

After the application of the search strategy, 781 studies displaying the used terms were found. By 
applying a careful analysis and exclusion, 18 studies were selected, according to figure 1. 

781 studies

103 studies

18 studies selected

Exclusion of the review studies whose titles did not meet the 
aim of this present study

Exclusion of the studies which provided insufficient data or had 
been conducted on other tissues rather than bone tissue

Figure 1 – Systematic review for the selection of studies according to inclusion and exclusion criteria 

Many molecules and mechanisms related to the processes of cell adhesion in bone grafts were 
reported by the articles selected. Among the processes described, it could be observed an emphasis 
on the role of integrins [9, 24, 26, 27, 30], alkaline phosphatase (ALP) [11, 12, 15, 22, 24, 26, 28] and 
on the mechanism of focal adhesion [4-6, 9]. These three mechanisms were the most cited because 
they have fundamental roles in the success and evaluation of adhesion, since integrins have significant 
influence on osteoblastic cell adhesion, ALP provides the differentiation degree of these cells, and focal 
adhesion acts as anchoring structure. The other molecules and mechanisms described are summarized 
in table I.

Table I – Summary of the literature review, reporting the main molecules and cell adhesion mechanisms 

Authors Year published Results

Comisar et al. [9] 2007 Integrin focal adhesion

Oliveira et al. [24] 2007 Integrin, fibronectin and ALP

Marletta et al. [22] 2007 ALP and collagen

Dalby et al. [10] 2007 Genes

Biggs et al. [4] 2008 Focal adhesion

Biggs et al. [5] 2008 Focal adhesion

Heo et al. [15] 2008 ALP

Prabhakaran et al. [27] 2009 ECM protein and collagen 

Liuyun et al. [21] 2009 Filopodium and lamellipodium

Gupta et al. [14] 2009 ALP
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Authors Year published Results

Zhou et al. [32] 2009 Vitronectin, fibronectin and laminin

Biggs et al. [6] 2009 Focal adhesion

Francis et al. [12] 2010 ALP

Duan et al. [11] 2010 ALP and filopodium/lamellipodium

Ravichandran et al. [28] 2011 ALP and integrin

Polini et al. [26] 2011 ALP, proteins in general and integrin

Wang et al. [30] 2011 Integrin

Abd El-Fattah et al. [1] 2011 Collagen 

Generally, the processes of adhesion described by the authors involved some cell-to-cell and cell-to-
matrix adhesion molecules (table II). Among these processes, filopodium is emphasized because it is vital 
for the establishment of cell-to-cell contact in epithelial cells and it is also involved in the metastasis of 
neoplastic cells [16], and lamellipodium, which has an important function in cell migration, including 
embryonic development, inflammation and metastasis of malign cells [25].

Table II – Molecules involved in the process of cell-to-cell and cell-to-matrix adhesion cited in the literature 

Cell-to-cell Cell-to-matrix

Integrin
Filopodium/lamellipodium

Focal adhesion
Collagen

Fibronectin
Alkaline phosphatase

Laminin
Vitronectin

Table I (continued)

Discussion

One of the characterist ics of adhesion 
molecules is their capacity of interacting with 
specific ligands, which can be present in the cell 
membrane or extracellular matrix (ECM) [3]. The 
main molecule of cell adhesion described by many 
authors selected in this study is from integrin 
family [9, 24, 26, 28, 30]. These molecules account 
for either cell-to-cell or cell-to-matrix adhesion. 
Integrins are located in the interface between 
intra-and extracellular medium and consequently 
can translate the sings from external to internal 
medium, promoting the adhesion, spreading or 
migration of cells, therefore regulating the cell 
growth and differentiation [3, 18].

According to the data searched in the literature, 
it is inferred that integrins have a significant 
inf luence on the adhesion of osteoblastic cells 
[3, 9], because its amount can affect the degree 
of maturity of focal adhesion, the recruitment or 

proteins from the cytoskeleton and still influence 
the signaling of the molecules [9].

It must have a primary cell-to-matrix interaction 
to occur cell differentiation. This process is known 
as focal adhesion, characterized by a strong contact 
through integrin receptors, between the cell and 
the material to which the adhesion will take place 
[23]. Thus, the site of focal adhesion acts as an 
anchoring structure [23] which will influence on 
the formation of a fibronectin matrix [17].

Concerning to ECM, the collagen is one of 
the main components cited by the authors [1, 22, 
27], since it is an essential candidate to compose 
ECM due to its properties of providing mechanical 
resistance to the tissue and inf luence on cell 
adhesion and differentiation [23].

The studies selected also cited other essential 
components of ECM which also acts in cell adhesion, 
such as laminin and vitronectin [22] and fibronectin 
[24, 32]. According to Iilic et al. [17], fibronectin/
vitronectin are fundamental for focal adhesion 
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because they have the capacity of communicating 
with integrins through a sequence of amino acids 
known as RGD (arginine, glycine and asparagine), 
allowing the cell “anchoring”. Cowles et al. [8] also 
emphasized such importance and related it with 
the initial stages of osteoblast differentiation. 

According to Carvalho et al. [7], cell adhesion 
capacity is related with the presence of collagen and 
fibronectin/vitronectin within ECM, while laminin 
acts as a limiting factor of cell adhesion within 
ECM. Therefore, it can be affirmed that these 
proteins are essential for culture cell adhesion and 
consequently for tissue development. Additionally, 
other proteins were reported in the studies [26, 27], 
but they were not specified by the authors.

Some authors observed the lamellipodium and 
filopodium formation as fundamental mechanisms 
for cell anchoring and proliferation, because 
they have been used to aid in cell adhesion and 
elongation [11, 21].

Other important mechanism of cell adhesion is 
ALP [11, 12, 15, 22, 24, 26, 28], which participating 
in the cleavage of organic phosphate esters and it is 
a fundamental component of bone matrix because is 
important during the formation of hydroxyapatite and 
calcium crystals [2]. The expression of ALP activity 
in the cells shows the bone capacity of forming 
osteoblast regardless of scaffolds [12] and providing 
the degree of osteoblastic differentiation [15].

Concerning to gene expression described 
in the study of Dalby et al. [10], this has been 
a fundamental factor to occur all adhesion, 
growth, and differentiation of the cells. A better 
understanding of these mechanisms of guidance 
and cell-to-cell or cell-to-matrix interaction is 
essential for the construction of biomaterials with 
nano-specific properties to provoke a better cell 
response and consequently a greater applicability 
in tissue engineering [29].  

To compare the results better, the standardization 
of the studies is necessary so that the same adhesion 
analyses are employed and the results are observed 
in the same design (in vitro / in vivo). The limitation 
in this type of study is the comparison of the 
quantitative and qualitative data due to the variety 
of protocols which makes difficult the correlation 
among the studies.

Conclusion 

The process of cell adhesion in bone grafts 
occur through many molecules and cell mechanisms 
(integrins, focal adhesion, collagen matrix and ALP). 
To know these cell mechanisms is fundamental 

to identify and quantify a good cell adhesion, 
consequently leading to great advancements in 
tissue engineering. 
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