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INTRODUCTION
3-D bioprinting is an innovative developmental technology that 
focuses on the construction of cellular patterns within a reserved 
space in which the cellular viability and capability are conserved 
within the printed gibbet. It is one of the main rapid prototyping 
technologies of the current research that can fabricate any desired 
3D structure via building up material layer by layer with the aid of 
a digital design. The term 3D Printing (3DP) was first proposed by 
Professor Sachs from the Massachusetts Institute of Technology 
(MIT) which is conceptually defined as a process of creating digit-
al designs that facilitates the manufacturing of a broad range of 
object geometries using biocompatible materials, cells, supporting 
components i.e., anything that is accessible as a spreadable pow-
der including ceramic metal, metal-ceramic composite and poly-
meric materials (Campbell TA, Ivanova OS, 2013; Bergmann C, 
et al., 2010). Therefore, we can say that different materials with 
varying dimensional scales can be converted into complex 3D 
functional living tissues using 3D printing strategy. The design 
reliability, quality, specificity and skill of developing any custom-
ized structure design makes this technique of bioprinting to be 
applicable to regenerative medicine, tissue engineering and tumor 
therapy to deal with the necessity of clinically translatable tissues 
and organs for improving survival of the mankind. The bioprint-
ing technology is linked with nanotechnology as the components 
of the cells are on the nanoscale 100-1000 µm and these cell-bio-
materials interactions are microscale events. The 3D bioprinting 
technology uses nanomaterials such as gold, SiO2 gold nanoshells, 
water soluble polymers, hydrogels, starch based powders and fib-
rins for creating various medical structures such as neuron-adhes-
ive patterns, collagen scaffolds, synthetic biodegradable scaffolds 
and fibrin channels that potentially alleviate the inflammatory 
response by targeting and treating the problem (Danilevicius P, et 
al., 2013; Sachs EM, et al., 1989). These 3-D bioprinted products 
provide high throughput for cell programming, drug testing and 
toxicology. In 2017, a novel method was designed to fabricate a 
3D biomimetic neural scaffold having porous implanted united 

fibers. The two biofabrication softwares were employed using 
natural biomaterial Polycaprolactone (PCL) and synthetic bio-
material polycaprolactone mixed with gelatin which provided en-
hanced neural stem cells adhesion and proliferation. The resultant 
microfiber scaffold effectively inhibited apoptosis with enhanced 
biocompatibility and mechanical properties with greater neur-
al length and positioned neural extension of the parent cortical 
neuron fibers (Utela B, et al., 2008). Other major applications of 
these 3D bioprinted nanoscale structures include the fabrication 
of nanofilters, nanorobots and nanobiosensors for a variety of 
biomedical applications. The application of 3D bioprinting for 
the treatment of cancer by fabricating in vitro tumor models has 
been a potential topic of the current research. 3D printed hydro-
gels and implants loaded with cytostatic drugs are revolutionizing 
tumor therapies (Melchels FP, et al., 2010).  Taking in view the 
above mentioned applications of 3D bioprinting technology and 
its interaction with nanotechnology, the present article focuses 
on 3D bioprinted scaffolds and personalized medicine composed 
of nanoscale biomaterials as bio-inks applicable for tissue engin-
eering and cancer therapies with increased efficacy and alleviated 
toxicity derived from a broad biodistribution of the body. 

Technique of nanobiomaterial fabrication using 3D bi-
oprinting
The 3D printing nanotechnology is a flexible tool of creating cus-
tomized 3D tissues and organs engaged for diverse applications in 
the field of alternative medicine, tumor therapy and tissue engin-
eering. This technique possesses the magical potential to create 
functional replacement organs and tissue for damaged organs and 
tissues in patients. In addition, rapid fabrication of specific size 
and shape of human based tissue models and organoids for true 
diagnosis, replacement therapies, pathology, drug modeling and 
development makes this technique a gold standard in the future 
(Yoo D, 2012). The product development using 3D bioprinting 
involves pre-bioprinting, bio-printing and post bioprinting. In 
pre-bioprinting, a model specific for printing using Computed 
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Tomography (CT) and Magnetic Resonance Imaging (MRI) is fabricat-
ed. However, the second step of bioprinting involves the usage of bioink 
(mixture of cells, bioactive nanomolecules and biomaterial) which is then 
printed in a layer by layer design in a printer cartridge to compose a 3D 
structure to be used in the replacement of original cells (Guillemot F, et al., 
2010; Li X, et al., 2012). Some modifications are made after three dimen-
sional printing of nanobiomaterials which is known as post-bioprinting 
process. This process includes the remodeling of tissue via chemical and 
mechanical signals which resultantly forms a well demarcated 3D tissue 
scaffold. By using this process of designing, high precision and custom-
ized fabrication of engineered tissue scaffolds with retained cell patterns 
and viability of the printed 3D printed structures can be attained (Li X, 
et al., 2006). In this regard, the study of 3D bioinks is of remarkable value 
which is the printable forms of biomaterials combined with growth cells 
and bioactive materials that are able to be printed into 3D form at room 
temperature irrespectable of cell reliability and authentic mechanical prop-
erties. Diverse 3D printing methods have been developed currently which 
include Stereolithography (SLA), Digital Light Processing (DLP), Selective 
Laser Sintering (SLS), Fused Filament Fabrication (FFF) and inkjet print-
ing. The most excessively used technique is Inkjet Microextrusion Laser 
Assisted Printing Technology (IMLPT) which incorporates biomolecules, 
cells and drugs of the interest with hydrogel pre-polymer solution which 
is laser printed (Koutsopoulos S, 2012). Some important factors must be 
taken in consideration while employing 3D bioprinting nanotechnology 
such as controlled volumes of liquids, surface tension, cellular resolution 
and viability and nature of biomolecule. A balanced combinatorial effect 
of these important factors can result in functional tissue engineered nano-
biomaterial assisted 3D bioprinted tissues and organs. For example, an 

observation was made when low molecular weight alginate was used in 
combination with high molecular weight alginate in ratio of 1:2 that con-
sequently gave improved cell integrity, structure viability and processed 
growth pattern in comparison with using isolated low molecular weight 
alginate and high molecular weight alginate. Hence, it is of worth con-
sideration to work upon the viability and processability of printable bio-
materials and the technique of 3D bioprinting for achieving successful 3D 
bioprinted scaffolds and tissue patterns with cell based bioinks (Chen KI, 
et al., 2011; Lautenschläger F and Piel M, 2013).
The 3D workflow is demonstrated in three distinct steps. The first step is 
the uplift of powder supply platform system and lowering one layer down 
of the fabrication platform. The second step is the aligning and thinning 
of the polymer powder layer through roller and the third step involves the 
printing of a liquid binder that binds the adjacent powder together which 
depends upon the binder droplet-powder particle interactions influenced 
by powder material, powder size, shape, packing density, binder viscos-
ity, binder surface tension, powder surface treatment and in the same way 
droplet size, velocity, temperature of the powder and binder are some of 
the main factors involved to gain the accuracy in the geometry of the new 
bioprinted object. Repeating steps 1 and 3 side by side ultimately produces 
a successful 3D product with accurate geometry (Figure 1) (Li X, et al., 
2011). 
The three dimensional bioprinting of nanobiomaterials is typically of two 
types. One is called as “Inkjet Printing” for which typical printers such 
as NP 2.1 (GeSim, Germany) and the Z402 (Zcorp, USA). However, the 
second one is known as the “Nanoimprint Lithography” with the typical 
printers such as the EVG620 nanoimprinter and the 520 hot embosser (EV 
Group, Austria) (Shin H, 2007). 

Figure 1: A typical process for bioprinting 3D tissues
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a way that a multilayered spacer structure is formed which is linearized 
via chemical and mechanical polishing so that a confined plane structure 
can be obtained with efficient viability and sustainability. This technique is 
novel which is currently in process to attain a stacked multilayered struc-
ture by transferring biomaterial several times on the same substrate to 
compose a 3D printed nanobiomaterial in an efficient and cost effective 
manner. For example, a 3D gold structure nanobiomaterial was fabricated 
using nanoimprint lithography technique which is known for its diverse 
pharmaceutical importance in nanodrugs (Tanaka M, et al., 2012). 

Combinatorial impact of 3D bioprinting with nanotechnology
The combination of 3D bioprinting with nanomaterials is the focus of the 
current interest of the scientists. This combination provides the most sus-
tainable cell material interactions and enhanced tissue scaffolds for medic-
al purposes. A biological cell in the human body is present in the form of 
multifaceted mixture of pores, ridges and various micro and nano-featured 
Extracellular Cell Matrix Environment (ECME) which allows efficient cel-
lular crosstalk and molecular signaling upon implantation of the engin-
eered graft. Bikram M, et al., 2007 stimulated osteogenesis of fabricated 
hBMSCs in Polyethylene Glycol (PEG) Dimethyl Acrylate (PEGDA) scaf-
fold by using bioactive ceramic nanoparticles. In the next step, the hBM-
SCs which were adjourned with PEGDA were printed on a Bioactive Glass 
Nanoparticles (BGN) and Hydroxyapatite nanoparticles (HA) under the 
condition of continuous polymerization reaction which resultantly pro-
duced accurate placement of the printed substrates in 3D dimension. The 
biochemical analysis and cellular interactions depicted high alkaline phos-
phatase activity, greatest cell viability (86.63 ± 6.02% and highest compres-
sive modulus of 358.91 ± 48.05 kPa after 21 days of culturing in PEGDA-
HA group in comparison with PEGDA-BGN group. Furthermore, these 
results were confirmed with gene analysis through quantitative Polymer-
ase Chain Reaction (PCR) method. Masson trichome staining also con-
firmed the maximum deposition of collagen in PEGDA-HA group scaffold 
pattern. These results depicted that the 3D fabricated bioprinted tissue en-
gineered scaffold in combinatorial with nanomaterials provide significant 
mimicking of the native parent tissue pattern. This technology also pro-
motes the regeneration of the functional tissue in the patient and tissue 
biomaterial interactions in 3D controlled pattern (Landers R, Mülhaupt R, 
2000). Nomura H, et al., 2006 generated nanocluster sized 3D cell-laden 
hydrogel array using bioprinting-nanomaterial based approach within 
the Extracellular Matrix (ECM) environment. Two gels gelatin methacry-
late (GeIMA and Polyethylene Glycol (PEG) dimethacrylate were used 
in the ratio of 1:3 to develop a confined pattern. This cell-laden GeIMA/
PEG composition was employed for the screening of Human Periodontal 
Ligament Stem Cells (PDLSCs) response to the extracellular matrix en-
vironment. The cellular viability and proliferation of human PDLSCs in 
GeIMA/PEG array was found to be significantly upregulated and the sur-
face area decreased by increasing the percentage of PEG (Nomura H, et al., 
2006). All these experimental evidences clearly prove that nanomaterial 
loaded 3D printed scaffolds potentially increase the regeneration of the 
damaged tissues and organs and path an innovative field towards tissue 
engineering and regenerative medicine. 

DISCUSSION
Integration of three dimensional bioprinting of nanomaterial 
scaffolds for complex tissue and organ engineering
Three dimensional bioprinted bone: The engineering of hard tissues such 
as bone is somewhat a complex process as it requires a high mechanic-
al strength and porosity which is difficult to attain with traditional tech-
niques. The commonly employed cell lines used for this purpose are bone 
marrow mesenchymal cell lines which are also in use by traditional tech-
niques. The presently used fast prototyping modality i.e., Fused Deposition 

LITERATURE REVIEW
Bonding based inkjet printing 
The technology of bonding based inkjet printing is typically based upon 
joining the micro particles of a binder biomaterial by depositing them 
on the surface of a powder bed through inkjet printer. A hydraulic piston 
puts pressure on the powder bed to create a new layer of the powder on 
the surface of the previously formed layer which resultantly gives a fine 
joined layer on the position of the object formation (Caldorera-Moore M, 
Peppas NA, 2009; Li X, et al., 2008). After the completion of this step, the 
unbounded powder is removed and the newly designed model is trampled 
further by orthodox pre-sintering process. Depending upon the distinct 
operational modes, the inkjet printing technology is further classified as 
Drop-On-Demand (DOD) catalog which is based upon the principle that 
every single droplet is ejected with the help of electrical signals and the 
continuous ejection of the drop catalog is functional with the wave of elec-
trical impulses (Liu X, et al., 2010). The composition of DOD catalog is 
associated with the combination of piezoactuated and electrostatic actu-
ated (electromechanical), the thermal actuated (electrothermal) and the 
electrostatic vacuum. The uninterrupted ejection catalogue is processed by 
electrofield-controlled inkjet and Hertz-continuous inkjet also known as 
mutual charged droplet repulsion type. The bonding based inkjet print-
ing technology has diverse range of applications in fabricating many tissue 
scaffolds with nanobiomaterials. Three dimensional porous scaffolds were 
prepared using Polylactide-Coglycolide (PLGA) powder assorted with salt 
particles and suitable organic solvent (Li X, et al., 2010). The 3D hepato-
cytes were successfully fabricated with improved cell viability allowing pat-
terning of cellular arrays with specified genetic modifications (Kim HN, et 
al., 2013). Moreover, the 3D microvasculature was fabricated through ther-
mal inkjet printer using human microvascular endothelial cell suspension 
in thrombin solutions and printed on fibrinogen solutions which worked 
as a substrate. The newly designed 3D printed microvascular cells possess 
the property of proliferation within their fibrin channels allowing to form 
a tubular lining fibrin channels allowing to form a tubular lining (Liu K, 
et al., 2013). 

Bioink-jet printing
The concept of cellular array printing was developed by Yan et al., which 
aids in the printing of single cells, cellular aggregates and gels to propose 
the possible organ printing to address the biomedical complications. For 
this purpose, the bioinks use thermal and piezotip print heads and ink car-
tridges for printing and patterning cellular arrays in a spatial three dimen-
sional pattern. This bioink technology typically employs thermoreversible 
polymers, aqueous media or hydrogel precursors combined with living 
cells. The laser-assisted cell printing technology is another innovative laser 
based cell printing technique composed of Laser Guidance Direct Write 
(LGDW). This LGDW technology process the printing of embryonic chick 
spinal cord cells pattern on a viable glass slide. The newly fabricated neur-
al spinal cells greatly facilitates the proliferation. Some other laser based 
techniques were also employed such as Laser-Induced Forward Transfer 
(LIFT) technique and modified inkjet printing to print three dimensional 
viable brain cells and ocular cells. The recently developed technique based 
on combination of laser electricity and water is Electro Hydrodynamic Jet-
ting (EHDJ) method which provided successful printing of genetic pro-
teins to compete with gene therapy which corrects the gene sequence in a 
spatial manner (Li X, et al., 2008; Owens III DE, et al., 2007). 

Nanoimprint lithography 
The nanoimprint lithography is no doubt a rapid and cost effective tech-
nique of designing 3D fabricated nanostructures using biomaterials. 
The mechanism of Nanoimprint Lithography (NIL) involves the repeat-
ed mounding of multiple layers of nanostructures on each other is such 
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fold. This 3D sintering TCP technology is able to give more microporosity 
and macroporosity ratio in addition with the formation of new bone in 
vivo as compared to the conventional source of fabrication utilizing energy 
source (Yeong WY, et al., 2007). The human skull and bone 3D bioprinted 
into an actual replica and the skull measured by CT scan. When fabricating 
a 3D bioprinted human skull, the human skull is first scanned with helical 
CT to obtain an actual image of the skull and then the size of the skull is set 
according to the printer nozzle size and maximum volume is attained with 
the help of inkjet cartilage and printed in layer-by-layer fashion. The skull 
cells are then interconnected by themselves and co-cultured into a scaffold 
for subsequent bone tissue formation (Fielding GA, et al., 2012).
Currently, an “Oxford Performance Materials” named company created 
an alternative substitute for craniofacial bone via SLS to address the bone 
defect problems by using Polyether Keytone-Ketone Proprietary (OPEKK-
IG) biomimetic polymer. The observations proved that OPEKK-IG is 
mechanically stable, osteoconductive, chemically strong and an enhanced 
texture in addition to cellular propagation without exerting metabolic 
stress on the cells. OPEKK-IG is the first clinically approved 3D printed 
polymer by FDA implanted for the first time in human in March 2013 (Bo-
land T, et al., 2007).
Three dimensional bioprinted cartilage and osteochondral tissue: 
Osteoarthritis, trauma, osteoporosis and sports injuries are the common 
bone related clinical problems associated with degenerative and acute car-
tilage. The number of osteochondral and articular cartilage patients has 
exceeded to 6 million in the United States due to a number of ankle, wrist 
and knee fractures. 

Modeling (FDM) carries out bone tissue engineering via employing hard 
thermoplastic polymers with the property of relatively increased mechan-
ical strength. A biodegradable 3D polymer ceramic scaffold was fabricated 
using FDM (Lam CX, et al., 2002). Since, FDM is a rapid prototyping tech-
nique, it implants the human mesenchymal stem cells joined with fibrin 
glue into the desired scaffold and left in incubator for culturing for one and 
a half month. The final biomimetic scaffold pattern fabricated showed fine 
attachment, migration and osteogenic (bone tissue) differentiation (Xu T, 
et al., 2006). The human extracellular bone matrix is a nanocomposition 
of protein based soft hydrogel matrix of collagen, osteopontin, inorgan-
ic molecules of calcium phosphate hydroxyhyaluronic acid (nHA (Ca10 
(PO4)6(OH)2 and water which is 70% of the bone matrix. The biomimet-
ic nanobiomaterials such as calcium phosphate hydroxyhyaluronic acid, 
tricalcium phosphate and calcium polyphosphate are frequently used in 
3D bioprinting due to their enhanced cytoconductivity, osteocompatibil-
ity and bioactive features. Among them, calcium phosphate hydroxyhyal-
uronic acid is at the forefront of the current research as it is a table top bone 
biomaterial which is used in a UV laser bioprinting technology to combine 
a biocompatible Polyethylene Glycol Diacrylate (PEGDA) hydrogel with 
Hydroxyapatite nanoparticles to attain a customized 3D hydrogel scaffold 
with increasing diameter of 15 mm and 400 µm thick bioscaffold design 
(Sanjana NE and Fuller SB, 2004; Li X, et al., 2014). The Figure 2 illustrates 
the biofabrication of the bone scaffolds using biomaterials. The utilization 
of TCP biomaterial has also been in observation for 3D bioprinting which 
is used in 3D sintering bioprinting technique in the form of powder and 
applies microwaves as heat source which confirms fabrication in the scaf-

Figure 2: Three dimensional printing of biological materials
Note: Bone Marrow Stromal Cells (BMSCs), Calcium Phosphate (CaP), Tri-Calcium Phosphate (TCaP), Poly Lactic Acid (PLA), Poly Glycol-
ic Acid (PGA), Poly Caprolactone (PCL) have been used to fabricate biounits for hard materials. Integrating biopolymers improved the bone 
strength, cellular attachments and proliferation of cells. Collagen, fibrin and Decellularized Adipose Tissue (DAT) were used as Extracellular 
Material (ECM) for soft biomaterials bioink. human Mesenchymal Stem Cells (hMSCs), Hepatocarcinoma (HepG2), Cervical cancer cells (HeLa), 
fibroblasts, keratinocytes, neural cells, chondrocytes, ovary cells and epithelial cells all have been incorporated as soft biomaterials.
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ogy provides a permanent treatment for the neural maladies by fabricat-
ing neural tissues of the controlled patterns and structures. The structure 
of native neural tissue is somewhat different from the other tissues of the 
body as it requires extreme evenness of the spacing, specific size and prox-
imity for inducing mutual cell communication and signaling and morph-
ological characteristics. Inkjet bioprinting provided an avenue to develop 
new neural tissues as well as regenerate the damaged nerve cells via fab-
ricating such a design that is able to allow more efficient cell to cell com-
munication with accurate settlement just as the native neural tissue (Billiet 
T, et al., 2012). The design is well fabricated by depositing precise quantities 
of a variety of proteins, cells and growth factors to stimulate the cross talk 
similar to the natural neural tissue. Such a work was presented in a study 
in which the inkjet bioprinting technology was used to develop structures 
of primary embryonic hippocampal and cortical neurons in which the 
neuronal functional fidelity and cellular characteristics were reserved af-
ter printing. Ciocca L, et al., 2009 developed a unique bioink by using a 
gellan gum hydrogel based surfactant in 2013 which was able to alleviate 
some of the intrinsic precincts of the transforming consumer printers for 
the research laboratories. This bioink was novel because not only print re-
liability it was also comprised upon several cell types from two dissimilar 
commercially accessible most demanded printing systems and the fluid 
characteristics of the bioink facilitates the reticence of cell agglutination in 
the solution (Kain A, et al., 2009). 
However, despite well printing of the inkjet bioprinting technique, other 
most promising bioprinting technologies such as Directed Mirror Device 
Sintered Laser Technology (DMDSL) are also used for neural tissue engin-
eering. DMDSL uses lasers and ultraviolet rays to allow photo crosstalk be-
tween protein molecules or hydrogels. The proteins are adjourned in a bulk 
of optically active transparent hydrogel which induces the effective bond 
formation process within the side chains of the amino acids and proteins. 
This results in the formation of complex structures which facilitates the 
binding of other bioactive molecules to design a precise pattern of neur-
al scaffold of strong mechanical strength and effective placement of cells 
for efficient crosstalk and signaling between the neurons (Sachs E, et al., 
1990; Marizza P, et al., 2013). Researchers used this approach and Schwann 
cells to fabricate a neural scaffold formed of a modified natural polymer, 
glycidyl methacrylated hyaluronic acid mostly occur in the extracellular 
matrix of the natural neural tissue. DMDSL technique used in this neur-
al tissue fabrication process created the similar neuronal phenotypes and 
electrophysiology just as the native neuronal tissue with excellent geom-
etries of complex resolution that allows propagation of the cell lines for 
24 hours. The resultant neuronal phenotypes were further incorporated 
with sufficient gradients of nanoparticles to further elucidate the differen-
tiation of the neuronal cells. This augments the photocrosslinkability and 
nonphotocrosslinkability of the used polymers of glycidyl methacrylated 
hyaluronic acid to fabricate the construction of the neuronal scaffold with 
high porosity and mechanical and chemical asset (Waid S, et al., 2012; Kel-
ler SS, et al., 2011). Other studies also supported the 3D bioprinting of the 
nanoneural scaffold. Keller SS, et al., 2011 also employed this DMDSL laser 
based bioprinting to fabricate an in vitro model of embryonic dorsal root 
ganglion neurite expansion. PEG polymer and Puramatrix were used to 
provide a controlled environment for the growth of neurites in the form of 
channel. The final construct presented excellent mechanical strength when 
compared with Puramatriz scaffold alone being manipulated from the nat-
ural favorable cellular milieu. The graphene nanoplatelets were also used 
to construct the aligned nerve fabricates of uniform size and well porous 
structure through SLS technology. The graphene nanoplatelets construct 
were observed to be highly cytocompatible and improved conductance 
with pronounced rate of neural regeneration (Bartolo P, et al., 2012; Cas-
trejón-Pita JR, et al., 2008).
Three dimensional bioprinted vascular tissue: The vascular network of 
the body is of immense importance because it is the system which is main-

The multifarious stratified structure and deprived recovering capacity 
of articular bone and osteocartilage sometimes, make the associated in-
juries to be permanent. Expanded avascular milieu and complex porous 
structure presents several obstacles for permanent restoration of the bone 
(Butscher A, et al., 2011; Li X, et al., 2009). Traditional bone designing 
methods cannot accurately mimic the innate cartilage structure due to the 
low porous biomaterial used for fabrication. Three dimensional bioprinting 
offers patient specific osteochondral construction with natural geometry 
and mechanical properties. A recently study depicted the combined effect 
of aligned electrospun fiber scaffolds with inkjet bioprinting to produce 
a hybrid nanofabricated scaffold which possesses great mechanical mov-
ability and improved cartilage structure as compared to the traditionally 
fabricated design. This promising approach of cartilage regeneration is the 
currently explored field for osteobiomaterial engineers in the biomedical 
field. The combination of nanobiomaterials with 3D printing technique 
more exclusively provides the confined patient specific geometry of the 
final architecture of the cartilage (Rivron NC, et al., 2009; Li X, et al., 2013). 
In recent years, the bacterial nanocellulose is widely used natural bio-
material which uses 3D bioprinting technique to create a mechanically 
strong bone and cartilage pattern according to the size of the patient that 
closely matches with the innate geometry of the respective bone and carti-
lage construction. Actually bacterial nanocellulose increases the adhesion 
of NIH/3T3 and endothelial cell lines which ensure a tremendous 3D 
construction of chondrogenic scaffold pattern (Liu C, et al., 2007). Other 
nanomaterials which can be used in combination with 3D bioprinting 
include multifaceted carbon nanotubes and nanoencapsulated domains 
that have been proved to be worthwhile in 3D osteochondral and cartilage 
fabrication. Osteochondral tissue is present at the junction of bone and 
cartilage due to which it presents high chemical, mechanical and morpho-
logical pitch. The attainability of these factors in 3D printed structures en-
counter several obstacles, however, the investigation regarding this aspect 
is still necessary to achieve the aforementioned goals. An in vivo and in 
vitro study was conducted to explore the osteochondral tissue regenera-
tion by using nanoimprint lithography technique. Two diverse forms of 
osteogenic progenitor cells and cartilage cells (chondrocytes) were 3D 
fabricated simultaneously into a complicated alginate hydrogel scaffold 
with retainable cell viability. The results showed that distinctive endothelial 
cell layers were adhered successfully with each other which results into a 
promising osteochondral construct but due to low mechanical strength of 
alginate, it cannot be used permanently as a substitute for the damaged 
cartilage (Cheng JX, 2011). However, later on this alginate hydrogel was 
used mixed with 3D printed Poly Caprolactone (PCL) to design a more 
supportive biomimetic scaffold with enhanced mechanical strength. This 
mechanism was based on the principle that PCL scaffold was exploited to 
function as bone forming scaffold which was loaded with chondrocytes 
and osteoblasts laden hydrogel layer by layer to complete the 3D fabricated 
design of osteochondral tissue (Jang MW, et al., 2010; Bajaj P, et al., 2012). 
After the observation of seven days, upregulated cellular proliferation with 
high cellular density was observed. Researchers fabricated a 3D printed 
chondrocyte structure using polyethylene glycol dimethacrylate solution 
via bio inkjet printing technique and incorporated it at the site of defect 
in osteochondral plug. The proteoglycan was deposited successfully at the 
interface of implanted tissue and natural tissue and functioned properly 
just as the native tissue (Tasoglu S and Demirci U, 2013). A UK lab created 
a novel 3D printed scaffold to treat the human bone marrow defects. This 
work was carried out by employing polylactic acid filament with exclusive 
design of biphasic geometry of the bone to allow rapid stem cell differenti-
ation and facilitates the good mechanical strength and interfacial integra-
tion (Sant S, et al., 2012).
Three dimensional bioprinted neural tissue: Neural tissue damage is 
one of the main issues of the central nervous system patients such as in 
Alzheimer disease and Parkinson’s disease. 3D bioprinting nanotechnol-
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a 3D bioprinted aortic valve model via 3D bioplotter loaded with alginate 
and gelatin hydrogel doped with two inimitable cell types i.e., aortic root 
sinus smooth muscle cells and aortic valve leaflet interstitial cells. Both the 
cell types were cultured for seven days and then extruded into gibbet that 
imitated the form of natural porcine aortic valve. The cell laden cultures 
were evaluated for cell survival rate and mechanical properties and the 
observations depicted that 80% of the 3D printed cells survived and the 
Young’s modulus factor of the scaffolds was significantly decreased pro-
gressively from tissue fabrication to scaffold collapse (Mendonça G, et al., 
2009; Mironov V, et al., 2009). These observations provided the evidence 
of strong compliance of the steady mechanical properties of the cellular 
scaffold model of the biomimetic aortic valve.
Three dimensional bioprinted organs: The widespread clinical appli-
cations of 3D organ bioprinting have made this technique a great hope 
for organ regeneration. Although 3D organ bioprinting is still under ex-
perimental practices, researchers look forward to this technique of organ 
regeneration as clinical treatment of organ damage. Three dimensional 
tissue and organ bioprinting can be carried out with or without incorpor-
ating living cells which are bioprinted directly into the fabricate (Xu T, et 
al., 2005). Some examples are listed in Table 1. Dr. Xu with his cowork-
ers in their research lab in Wake Forest worked a lot on creating 3D bio-
printed organs. They were the first to develop successful conventionally 
engineered bladder and implant them into seven children and teenagers 
of terminal myelomeningocle. Pursuing this work, they designed a bladder 
that was three dimensional bioprinted using inkjet bioprinting technology 
(Grodzinski JJ, 2006). This technology was used in further modified form 
by adjoining the nanotechnology to produce a nanofeatured mechanically 
strong fabricated scaffold that can boost the stem cell proliferation. The 
inkjet bioprinter was connected with electrospinning needle that produced 
the printed scaffold and multiple cellular populations into three character-
istic layers of the bladder side by side. After printing, the cell population 
was cultured at 37°C and histologically investigated which confirmed their 
confined position and cellular proliferation. Therefore, a functional blad-
der scaffold with all proper cell types was three dimensionally bioprinted 
in conjunction with nanotechnology was successfully fabricated. Inkjet 
bioprinting can simultaneously incorporate multiple tissue types to print 
an organ (Ringeisen BR, et al., 2006; Bergmair I, et al., 2010). Three indi-
vidual types of stem cells were concurrently bioprinted into a single construct 
and their process of proliferation and differentiation was investigated in both 
in vitro and in vivo. The results were astonishing as optimal cell viability and 
proliferation was observed in the culture. Following in vivo and in vitro study, 
the scaffold was vascularized into an organ and each cell type showcased histo-
logical substantiation of differentiation (Fielding GA, et al., 2012; de Bartolo L, 

ly responsible for the transportation of the nutrients, oxygen and removal 
of wastes from the body. The 3 D printing nanotechnology faces a lot of 
obstacles to create a perfusable 3D vascular network that can efficiently 
transport nutrients and to all parts of the body and remove wastes. Cur-
rently available technologies of 3D bioprinting address these challenges 
successfully to fabricate a complex vascular network which enhances the 
cell survival rate. The endothelial cells are guided to form vessels in a pat-
tern similar to native vascular tissue that displays a great promise for tissue 
regeneration. For example, Woo JH, et al., 2009 was the first researcher 
who created a bioink in the form of a glass from a mixture of complex 
carbohydrates (glucose, sucrose and dextran) which was optically trans-
parent. The bioink glass when cooled was adjoined with photocrosslink-
able biomaterials so that it can interconnect the surrounding biomaterials. 
This carbohydrate bioink glass was then extruded using a superheated syr-
inge into an interlocked microfluidic vascular system which resulted in the 
formation of a scaffold cast around the interconnected vascular network 
in the form of a blend of 10T1/2 cells and photocrosslinkable extracellu-
lar matrix prepolymer. The scaffold with carbohydrate bioink polymer 
was then immersed in water due to which carbohydrate was completely 
dissolved leaving behind a resonating scaffold of microvascular structure 
channel. After this, the human umbilical vein endothelial cells were then 
perfused through the previously formed channels which were observed 
to be attached and form a biphasic tissue like architecture. The final 3D 
printed vascular scaffold was observed to maintain the phenotypic and 
proteomic expression at a high density similar to the natural vasculature 
(Baca HK, et al., 2011). 
However, for the successful fabrication of the 3D bioprinted vascular sys-
tems, the materials should be chosen with great care which is able to mimic 
the native structure of the vascular tissue. The scarcity of the biomimet-
ic materials available for vascular tissue fabrication enabled the scientists 
to formulate a new composition of hyaluronic acid methacrylate: Gelat-
in methacrylate (HA-MA:GE-MA) using hobbyist printer (Fab@Home). 
They constructed the hydrogel based cellular tubular structure character-
ized with a cylindrical structure that was printable through the hydrogel 
printing system that resembled the vascular channels. This 3D fabricated 
design of vascular channel was more feasible and economical for print-
ing the whole network of cellular conduit that demonstrated it a precursor 
for further designing a 3D bioprinted organ. More exclusively, this work 
promoted the potential to tissue engineering for efficient construct of vas-
cularized pathways that incorporate with new native tissue forms in vivo. 
This 3D printed vascular tissue also opened the path for the fabrication 
of 3 D bioprinted aortic valve for addressing various cardiovascular issues 
(Cui X and Boland T, 2009). In this concern, Yan KC, et al., 2009 created 

Table 1: 3D bioprinted tissue and organ regeneration

Tissue types Biomaterials Bioprinting technol-
ogies

Mechanisms References

Hard tissue 
(Bone)

Ceramics Fused deposition 
modeling

The 3D scaffold was bioprinted using MSC hydrogel showing 
osteogenic differentiation

(Li X, et al., 2012)

TCP Selective laser tech-
nology

Microwaves based method was applied to form a porous biomi-
metic scaffold that accelerates the bone formation

(Li X, et al., 2009)

Cartilage and 
osteochon-
dral tissue

Collagen fibrin 
hydrogel

Inkjet bioprinting The electrospun PCL fabricated scaffold that supported the devel-
opment of collagen in vitro and in vivo

(Li X, et al., 2014)

Alginate hydrogel Bioplotting Osteochondral scaffold was designed with developed ECM mor-
phology in the under observed bone and cartilage

(Seyednejad H, et al., 
2012)

Neural tissue Fibrin hydrogel Inkjet bioprinting The 3D fibrin hydrogel was employed to create neural mat with 
adhered well proliferated cells

(Flaibani M and Elvas-
sore N, 2012)

Sintered laser 
technology

Hyaluronic acid 
hydrogel

Biomimetic nerve ducts were fabricated in biomimetic nerve scaf-
fold to neuronal and axonal growth in vitro

(Li X, et al., 2011)
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A study reported that an osteosarcoma-associated-cell surface antigen 
(ALCAM) and artificially engineered anti-ALCAM-hybrid polymerized 
liposomal nanoparticles immunoconjugate, alpha-AL-HPLN were used to 
deliver chemotherapeutic drug DXR to osteosarcoma cells. It was observed 
that this nanotargeted drug osteosarcoma-associated-cell surface antigen 
(ALCAM) anti-ALCAM-hybrid polymerized liposomal nanoparticles 
alpha-AL-HPLN hybrid not only showed increased cytotoxicity but also 
decreased the survival rate of untargeted normal surrounding cells as com-
pared to the usage of isolated conventional drug DXR. However, arsenic 
trioxide magnetic nanoparticles were also shown to exert the cytotoxic 
effects on osteosarcomal cells within the vicinity of magnet field on the 
murine osteosarcoma cells. Calcium phosphate nanoparticles exhibit more 
pronounced cytotoxic activity when delivered in conjunction with anti-
cancer drug cisplatin to an osteosarcomal model of albino rat (Kruth JP, et 
al., 2004). The nanoparticles loaded anticancer drugs could increase the re-
tention time of the drug in local tissue or fluids but the activity of increased 
cytotoxicity rate has demanded to develop more advanced technology to 
address the bone related tumors i.e., osteosarcoma and osteoarthritis. For 
instance, polymeric hydrogel was used in combination with chemothera-
peutic drug Dextran crosslinked ionically with nanoparticles in synovial 
fluid in a rabbit model. This self-assembly not only increased the retention 
time of IL-1 receptor antagonist (IL-1Ra) which decreased the expression 
of inflammatory cytokine IL-1 responsible for the expression of osteosar-
coma related genes but also observed the decreased cell survival rate of 
the normal osteocells in synovial fluid (Marshall AJ and Ratner BD, 2005). 
To overcome the aforementioned obstacles, the nanoparticles were used 
in conjunction with bioactive materials for tissue repair and regeneration 
to attain the improved tissue-material response after implantation. Two 
ways are generally adopted create bioactive nanostructured bone scaffolds 
to treat osteosarcoma. The first one is to synthesize nanoparticles-poly-
mer composite scaffolds and the second is the synthesis of well nanopore 
sized bioactive glass scaffold. The bioactive nanoparticles-polymer com-
posite scaffold was prepared by incorporating beta tricalcium phosphate, 
Hap, bioactive glass polymer and CaSiO3 nanoparticles into the scaffold 
matrix. The final construct showed improved cytocompatibility, chemical 
stability, mechanical strength, and mineralization ability and degradation 
capacity with more distinct functionality than that of microcomposites 
prepared from conventional methods (Colombo P, et al., 2013). Hence, 
the physiochemical and biological characteristics of the regenerated scaf-
fold are significantly improved by using nanoparticles in conjunction with 
biopolymers via formation of nanobiopolymers. For the first time, the 
scientists improved the bioactivity of the conventional bioactive glass for 
bone regeneration by synthesizing Mesoporous Bioactive Glass (MBG) in 
2004 using a blend of supramolecular surfactants with sol-gel method. The 
CaO-SiO2 5 composition of bioactive glass was coupled with nanopar-
ticles of SiO2 which resulted into a highly ordered mesoporous structure 
of pore size ranging from 5-20 nm (Eom SH, et al., 2008). The conven-
tional nonmesoporous bioactive glass was unable to mineralize the bone 
properly. However, MBG possesses optimal apatite mineralization ability 
in simulated body fluids, increased surface area and porosity and excellent 
cytocompatibility. This technique was applied with three dimensional bio-
printing technologies to prepare 3D porous bone scaffolds for bone tissue 
mechanization and drug delivery relevance. Therefore, three methods have 

et al., 2012). 
de Bartolo L, et al., 2012 followed a different approach to fabricate the 
vascularized adipose derived stromal stem cells scaffold to print an organ. 
The bioprinted pluripotent stem cells differentiated into cardiac cells and 
smooth muscle cells, maximally present in the human body which shows 
promise of providing an avenue to organ regeneration research. The bio-
plotter is very useful and effective emerging organ printing system used by 
researchers currently which fabricate the 3D printed organ plot via using 
spheres of alginate plotted in calcium chloride solution. The bioplotted 
spheroids were then incubated at 37°C to differentiate systematically which 
resulted in excellent cell survival and proliferation. After differentiation, 
the spheroids were packed together in an alginate system in the form a 3D 
cell culture environment which then fused with the adjacent spheroids into 
the premeditated geometry. The consequential cell-laden alginate structure 
formed a composite geometry of microtissue which was very much sim-
ilar to vascular networks of cartilage, cardiac tissue, renal cell constructs, 
muscular tissue, potent vascular networks of the body (Mironov V, et al., 
2008). One of the most sophisticated and highly developed commercial 
bioprinters competent for organ printing were created and operated by the 
company “Organovo”. The company used a very advanced mechanism of 
organ generation through incorporating bioink infused spherical drops of 
the cell that consequently mingle with each other over a specific time per-
iod and assemble themselves into the biologically similar organ construct. 
This company paved its path to success by designing 3D fully functional 
blood vessel structure which could be fibroblasts and endothelial cell fab-
ricates that travel to their respective appropriate space in the lumen when 
bioprinted by their developed method. The company is also working to 
develop a fully biologically functional artificial 3D bioprinted liver model 
that could potentially update pharmaceutical testing system (Cervantes 
TM, et al., 2013).

Applications of three dimensional bioprinting in cancer and 
metastasis
Cancer related deaths are the major problem of the current era and tumor 
metastasis is the center point to be worth noted. The major site of me-
tastasis for a majority of cancers is the bone tissue as the skeleton is the 
most widespread organ to be affected by metastatic cancer. For example, 
approximately, 70% of the breast cancer metastasizes into the bone; there-
fore, it is very important to increase the survival rate of cancer patients 
by targeting the bone metastasis. Bone is the site of disease that produces 
the greatest morbidity rate. The conventional treatment strategy for cancer 
bone metastasis also known as osteosarcoma is the chemotherapy, radio-
therapy and surgery which not only kills the metastatic cells but also affects 
the normal cells survival (Fierz FC, et al., 2008; Sobral JM, et al., 2011). 
Therefore, a blend of nanoparticles, selective drugs and gene therapy is the 
current direction to develop more effective treatment strategy for osteo-
sarcoma. It has been known that suitable microenvironment and the en-
riched nutrient cells pave the direction to tumor cell migration to the bone 
tissue and subsequent escalation of the tissue. Although osteosarcoma 
needs more advanced therapies rather than aforementioned conventional 
therapies because the nanotechnology targeted drug delivery systems are 
not applicable for the treatment of osteosarcoma (Zhou WY, et al., 2008). 

Vascular 
tissue

Bioplotting Hyaluronic-gelatin 
hydrogel

Cellular constructs were biomimetic that synthesize vascular sys-
tem with improved cellular viability. 

(Kim G, et al., 2008)

Aortic root 
cells and 
complex 

organ

Bioplotting Alginate spheroids Stem cells were biomimetic in organ like fashion with high cell 
viability and confined geometry

(Wang JX, et al., 2009)

Inkjet bioprinting Calcium chloride/
sodium alginate 

hydrogel

Cells are fabricated into layer by layer fashion with proliferative 
capacity and maintained viability and then observed in vivo.

(Wang J, et al., 2012)

-P2 O
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cancer, SU3 stem cell line for glioma using the bioink varying from PEG 
dimethacrylate, PEG-diacrylate to gelatin-alginate-fibrinogen (Table 2). 
The 3D constructed tumor spheroid models are able to reproduce enzyme 
secretion and typical factors specific for every type of tumor like vascu-
lar endothelial growth factor and matrix degrading enzyme in addition to 
resistance of drugs used for conventional antitumor therapy. In addition, 
to the 3D microtumor environment, the cell-to-cell crosstalk is of worth 
understanding to mimic the regulatory cascades for controlling the signa-
ling, migration, adhesion and metastasis of the tumor cells. For instance, 
if we take into account the interactions of cancer cells with immune cells 
like macrophages through the paracrine system, the 3D bioprinting is 
able to mimic vessel microenvironment incorporated with macrophages 
and MDA-MB-231 breast cancer cells in the core of peptide conjugated 
with alginate fibers. Another application of 3D bioprinting is the study of 
regulatory feedback mechanism and tumor metastasis in the human ovar-
ian cancer cells (OVCAR-5) which were cultured with natural fibroblasts 
cells printed on MatrigelTM which was a blend of gelatinous protein pro-
duced by Engelbreth-Holm-Swarm mouse sarcoma cells. The resultant 
construct contained some multicellular acini with recapitulated charac-
teristics of ovarian cancer micronodules in vivo (Faddoul R, et al., 2013). 
Laser printers are also highly appreciated to synthesize artificial bone by 
incorporating MDA-MB-231 breast cancer cells cultured simultaneously 
with human fetal osteoblasts resulting in the formation of multicellular 
spheroids using hydroxyapatite nanoparticles i.e., PEG and PEG-diacry-
late. This biomimetic model of cancer cells showed the increased capacity 
of tumor migration in the bone structure. Stereolithography is another 
widely used technique to produce bioprinted Breast Cancer Cells (BrCa) 
which are also co-cultured with fetal stromal osteoblasts and bone marrow 
mesenchymal stem cells condensed with gelatin methacrylate hydrogel in 
nanocrystalline hydroxyapatite. The increased vascular endothelial cells 
growth with enhanced migration of BrCa cells into the bioprinted fabricate 
exhibited this technique an applicable technique of 3D bioprinted cancer 
tissue models. Further research is carried on to deposit different bioinks of 
interest to integrate extrusion based biomaterials with polymeric scaffolds 

been developed to design 3D bioprinted MBG scaffolds. The first MBG 
scaffold was designed by employing porogen method. Researchers used 
methyl cellulose as the porogen to develop porous structured MBG scaf-
fold with a bulky pore size of 100 µm. however, the second scaffold was de-
signed by somewhat different method of polymer template which was well 
mesoporous of the massive pore size ranging from 300-500 nm with vary-
ing compositions for pertinent applications in bone tissue engineering. 
The third type is the formation of MBG scaffolds by polyurethane sponge 
template method which provided highly interconnected porous structures 
but they show low mechanical strength, therefore, they are not suitable for 
successful tissue regeneration (Wu C, et al., 2011). The 3D bioplot tech-
nique is very advantageous to control the pore morphology by architecting 
layer by layer plotting under suitable conditions. The 3D bioplot technique 
provides excellent mechanical strength and mineralization ability which 
is 200 times than that of MBG scaffolds prepared using traditional poly-
urethane polymers. Therefore, MBG scaffold is a better nanobiomaterial 
which combines drug delivery system with 3D bioprinting technique for 
efficacious bone regeneration which paved a pathway towards the synthe-
sis of 3D functional tissues and organs (Yoo D, 2013). 

In vitro complex 3d bioprinted cancer models
Since, the last decade, in vitro cancer modeling was mostly dependent 
upon 2D mono-cell cultures and animal models. However, 2D model-
ing has some limitations over mimicking the tumor microenvironment 
in humans. The advancement from 2D to complex 3D bioprinted cancer 
modeling of experimental animals including disease progression, cell-ma-
trix interactions, hypoxic nuclei, leaked torn vasculature and interrupted 
signaling cascades. 3D bioprinting allows fruitful development of tumor 
spheroids which are very much similar to natural cellular heterogeneity of 
in vivo solid tumors described by distinct metabolic and proliferative rate. 
Such type of in vitro models are very much applicable to high through-
put tumor screening and drug testing for therapeutics (Tirella A, et al., 
2011). A wide range of 3D bioprinted tumor spheroids have been pre-
pared using MCF-7 and BT474 breast cancer cells, Hela cells for cervical 

Table 2: Three dimensional printing of in vitro cancer models

Cancer cell lines Bioink used Type of bioprinter Purpose References

MMCF-7 breast cancer cell line Gelatin-alginate fibrinogen Extrusion printer The in vivo extracellular 
matrix tumor microenviron-
ment was fabricated and tu-
mor spheroids were formed 
to achieve necrosis and drug 

resistance

(Lian Q, et al., 2006)

BrCa breast cancer cell line Gelatin-alginate CIJ (Jose RR, et al., 2016)

SU3 gliomal cancer cell line Peptide conjugated alginated 
fibers

PAM (Skardal A, Atala A, 2015)

Hela cervical tumor cell line Polyethlene glycol diacrylate 
(MW 700)

PAM (Lee SJ, et al., 2017)

BT474 breast cancer cell line Gelatin methacrylate hydrogel 
with nanocrystalline hydroxy-

apatite

Extrusion bioprinter (Chen C, et al., 2016)

Murine RAW 264.7 macrophage 
cancer cell line

Matrix PAM The regulatory pathways of 
carcinogenesis were biomi-
metic and hypoxia core and 
adhesion mat was fabricated 
to induce artificial cell to cell 

communication

(Henriksson I, et al., 2017)

OVCAR-5 ovarian cancer cell 
line 

Matrigel TM (gelatinous protein 
mixture secreted by Engel-
breth-Holm-Swarm mouse 

sarcoma cells)

PAM (Shafiee A and Atala A, 
2017)

MCF-7 breast cancer cell line Gelatin-PEG-dimethacrylate Sintered laser bio-
printer

(Ferris CJ, et al., 2013)

MDA-MB-231 breast cancer cell 
line

Gelatin-alginate Laser based bio-
printer
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PCL/ Fe3O4 mat. The advantage of 3D printed implants over conventional 
anticancer therapies is the improved surface area with enhanced contact 
with cancer cells. The 3D therapeutic implant is placed after surgery in the 
vicinity of the tumor growth obstructing any intravenous induction of the 
anticancer drugs. In vivo study of tumor growth inhibition in albino mice 
depicted that therapeutic 3D implants significantly halted the growth of 
tumor as well as propagate the survival rate following one month of the 
treatment (Li X, et al., 2008). 
The 3D printed biomaterials paved the way of fabrication of four dimen-
sional (4D) bionanomaterials which is basically an amalgam of 3D print-
ing and time factor. 4D printing enables a bioprinted entity to be pro-
grammed carefully to maintain the shape alterations depending on the 
surroundings when subjected to external stimuli such as temperature. 4D 
nanobioprinting technology was employed in China in 2017 to refurbish 
a breast implant for the cancer patient. The 3D implant made alterations 
with passing time and the adipocutaneous fibrous tissue grew into the full 
breast implant until it replaced the complete damaged organ (Tasoglu S 
and Demirci U, 2013).

CONCLUSION
This article summarized the mechanism and applications of 3D bioprint-
ing nanotechnology applying a blend of biomaterials and nanotechnology 
along with the currently available literature to support the 3DP perform-
ance and its applications in tissue engineering and tumor therapy. The 3D 
bioprinting nanotechnology is one of the most eye-catching biofabrication 
tools for developing tissue engineered scaffolds for addressing many med-
ical problems including fractures and tumor therapy. Nanotechnology is 
a potential technique for developing nano featured biomaterials with the 
property of reinforcement that is able to manipulate cellular microenviron-
ment. Widespread researches have depicted that 3D bioprinted nanofea-
tured engineered scaffolds can control the properties of cellular prolif-
eration to fabricate tissues and organs. 3D printing of biomaterials such 
as hydrogels and implants loaded with cytotoxic drugs are transfiguring 
cancer therapies targeting tumor cells in a confined way of increased effi-
cacy and reduced toxicity. Vascularization is one of the most challenging 
target to achieve induction of angiogenesis and upregulation of angiogenic 
growth factors such as Vascular Endothelial Growth Factor (VEGF) via 
using bioreactors. The 3D bioprinters have the potential to induce 3D vas-
cularization fabrication scaffold by using multiple print heads loaded with 
variable cell types. 

FUTURE SCOPE OF THE STUDY
3D printed tissues and scaffolds are used for screening purposes and ap-
praisal in in vivo model such as albino rat and mice. This is challenging to 
reach the authorities such as Food and Drug administration (FDA) to meet 
their requirements to reach the patient for applying this 3D printed arti-
ficial scaffolds. However, numerous technologies of 3D bioprinting have 
been developed so far, still is known regarding 3D printed biomaterials 
based scaffolds for organ and tissue implants in addition, the interaction 
of these biomaterials based microenvironment such as stem cells and with 
nanotechnological principles is very necessary to develop the physiologic-
ally functional organs and tissues. Therefore, the field of this 3D bioprint-
ing based nanotechnology is still in early stage. Keeping these points at the 
forefront, future research projects may be designed to converge both the 
technologies i.e., nanotechnology and 3D bioprinting to mimic the native 
structure of the tissues and organs.
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