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Regenerative medicine has rapidly developed over the past 
decade and created new opportunities to repair or replace 
tissue or organ function lost because of congenital defects, 
age, diseases, or serious damage (Cheng et al., 2016a; 
Cheng et al., 2016b). Regenerative medicine strategies in-
clude the transplantation of bioactive factors, stem cells, or 
biomaterials, even the induced regeneration in a de novo, 
depending on the application (Fu, 2014a; Huang and Fu, 
2014). However, there are several limitations to the use of 
regenerative medicine in the clinic with respect to using 
stem cells and biomaterials.  

The effects of bioactive factors, stem cells homing, pro-
liferation, and directional differentiation, as well as tissue 
engineering material-induced inflammation, immune regu-
lation, temporary survival, degradation, and absorption de-
pend on the microenvironment state. Intercellular and intra-
cellular complex cascade signaling pathways affected by the 
environment may determine stem cells behavior and fate 
(Lane et al., 2014). 

Stem cell development is closely related to the microen-
vironment (natural stem cell niche), which provides me-
chanical, chemical, and topological cues and initiates a se-
ries of complex signaling events to determine stem cell fate 
(mitotic dormancy, self-renewal, or directional differentia-
tion into a specific lineage). Recent studies have focused on 
engineering the microenvironment, which contains biologi-
cal mechanics, architecture, and biological materials, modi-

fies bionic elements such as proteins or peptides, controls 
the release of growth factors, and can be used to cultivate 
different cell types or genetically modify cells (Badylak, 
2016). Studies of both natural and engineered environments 
to examine stem cell regulation may also provide a basis for 
regenerative medicine translation. 

Stem cells are grown in a three-dimensional (3D) scaf-
fold, where both stem cells and biomaterials play key roles 
in de novo tissue regeneration (Ayala et al., 2015). Bio-
material effects, deriving from the material physical struc-
ture, local chemistry, and mechanical properties, have been 
utilized to control stem cells proliferation and differentia-
tion. Biomaterials with various chemical compositions and 

physical properties such as stress, mechanical strength, to-
pology, degradation, and vascularization, are useful for reg-
ulating tissue regeneration. Recent studies have focused on 
controlling the biological response and stem cells differen-
tiation, using the extracellular environment. The microen-
vironment may maintain or change the function and behav-
ior of stem cells and activate or inhibit biochemical and 
physical signals to promote or interfere with tissue repair 
and regeneration after the implantation of biomaterials 
(Huang et al., 2016a).  

Scaffolds can control nutrient and oxygen availability 
while providing a physical matrix to support stem cells in 
tissue regeneration. Several physical factors in the stem 
cells microenvironment, such as topography and porosity, 
among others, may influence its fate, such as cellular phe-
notypes, growth rate, migration direction, and directional 
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differentiation (Ravichandran et al., 2016; Thompson and 
Chan, 2016). Natural and engineered stem cell microenvi-
ronments present specific architectures, or spatial arrange-
ments, that help regulate stem cell behavior. 

Technical innovations may provide new strategies for 
tissue engineering. 3D printed pre-vascularized stem cells 
can enhance the therapeutic success of tissue repair by 
promoting rapid revascularization after implantation (Jang 
et al., 2016).  

3D cell printing is a promising technology for producing 
precisely controlled 3D tissues or organs by mimicking both 
the outer shape and inner architecture of native tissues. A 
previous study applied imprinting technology to create 
functional, in vitro cell-laden 3D extracellular matrix mim-
ics (3D-ECM) with composite hydrogels based on gelatin 
and sodium alginate because of their chemical and structural 
similarities to ECM components. The designed 3D imprint-
ing constructs showed high cell proliferation, improving the 
therapeutic effects after implanting the 3D printed tissue 
construct (Huang et al., 2016b). In addition, biomaterial 
scaffolds with a Nan fibrous structure mimic the collagen 
physical structure and enhanced cell/matrix interactions. 
Niño-technologies must be further advanced to enable more 
precise control over the biophysics of 3D scaffolds. The 3D 
shapes of many scaffolds cannot be controlled because of 
the limitations inherent to the methods (Zhang et al., 2014). 
These limitations may be overcome by combining phase 
separation techniques and computer assisted design and 
computer assisted manufacture techniques (Tang et al., 
2014). 

Modifications to the surface topography of biomaterials 
have been shown to affect inflammation and even the angi-
ogenesis of regenerative tissues (Hotchkiss et al., 2016).  

All implanted biomaterials may induce an initial acute 
inflammatory response, which can progress to a complex, 
chronic inflammation, leading to an immune response re-
ferred to as the host foreign body reaction (Aamodt and 
Grainger, 2016). Sometimes, regeneration activity can be 
inhibited after stem cells and biomaterial implantation into 
the body because of the hostile microenvironment at the 
injured sites. However, in some cases, immune cells can 
promote stem cells function. New biomaterials have shown 
minimum localized immune responses, indicating that they 
can be used in tissue engineering applications. They may 
show the high biocompatibility of Nan composites and the 
potential for growth factors induced soft and hard tissue 
regeneration (Paul et al., 2016). 

The ECM represents a highly dynamic and versatile en-
vironment. All components of the ECM are degradable and 
subject to modification, which may affect the microenvi-
ronment. Some new implant materials have been used for 
physical and chemical modification to elicit a host response 
that can be sustained until the foreign material is removed 
or degraded (Keane and Badylak, 2015).  

To orchestrate, support, and respond to the dynamic pro-

cesses occurring during organ regeneration, the dynamic 
stem cell microenvironment is important (Li et al., 2014) . 
Current demands and challenges in the field of regenerative 
medicine include multiple-damaged tissue regeneration in a 
de novo and synchronized manner, which will benefit tissue 
regeneration for various purposes (Fu, 2014b). Studies are 
focused on designing a bionic artificial extracellular matrix, 
reconstructing the optimal physical structure, and control-
ling physical and chemical properties beneficial to local 
regeneration. At the in vitro (cellular, molecular) and in vivo 
(animal, human body) levels, it is necessary to identify 
functions and interaction mechanisms among stem cells, 
biomaterials, and the microenvironment while considering 
the following points.  

First, extensive effort has been dedicated to understand-
ing the molecular mechanisms underlying stem cells fate to 
better control the homogeneous differentiation of stem cells 
prior to transplantation, which is critical for tissue for-
mation. 

Second, systematic studies have examined the interaction 
mechanism and signal transduction pathways between the 
microenvironment and regenerative cells. It is necessary to 
explore the biological basis of extracellular matrix in tissue 
development in detail and identify key regulatory proteins 
during the process of regeneration. 

Third, studies should focus on regulating the materi-
al-dependent inflammatory response and immune response 
after biomaterials are implanted into the body, followed by 
the temporary survival, degradation, and absorption of the 
material. Biomaterial vascularization plays important roles 
in influencing the dynamic environment during degradation 
and regeneration.  

Fourth, it is necessary to identify or develop “ideal” bio-
logical materials in accordance with the dynamic microen-
vironment of regeneration, which may help to accelerate 
tissue repair and organ formation to achieve regeneration. In 
addition to the use of advanced biomaterials, the fate of 
stem cells will be more precisely controlled.   
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