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ABSTRACT 

Congenital abnormalities, trauma, and infections all cause tissue and organ loss in both humans and 

animals. The human being's body has a lower regenerating capability than urodele amphibians, 

sometimes known as salamanders. Hundreds of thousands of people worldwide would benefit greatly 

from the ability to replace organs and tissues on demand. Historically, transplanting intact organs and 

tissues has served as the foundation for replacing damaged and sick body components. Dependence on 

transplant has resulted in waiting list of persons wanting organs and tissues donated, and supply is often 

insufficient. To provide risk-free and reputable sources, Scientists together with clinicians attempts to 

develop medications and procedures for regenerating tissue and, in some circumstances, creating 

completely new tissue. Tissues engineering, often known as regenerative medicine, is a branch of life 

sciences that integrates engineering techniques with biological concepts in order to create new organs as 

well as tissues or to stimulate the regenerative process of injured or diseased tissues. Significant 

advances are being made not only in regenerative medicine (RM), but also in tissue engineering, which 

will have a significant influence on natural 3D bioprinting (BP) of organs as well as tissues. 3D BP has 

tremendous potential not only in tissue BP, but also for artificial organs. This paper examines Recent 

advancements into regenerative medicine including tissues engineering can assist from 3D BP and 

conversely. Before 3D bioprinting becomes extensively employed to generate organotypic constructions 

foR RM, several hurdles must be solved. 

 

INTRODUCTION 

Tissue as well as organ limits are currently recognized as a major concern to the health of the public, 

with few people eligible for transplantation [1 , 2 ]. Most organ and tissue waiting lists do not accurately 

reflect the scale of the crisis, as only patients seek such assistance [3–8]. Scientists and physicians 

frequently use the phrases RM as well as tissue engineering interchangeably, and they are utilized as 

synonyms in this review. Regenerative medicine's future prospects are dependent on its capacity to fix 

and substitute damaged organs as well as tissues [9, 10]. RM has demonstrated encouraging results in 

regeneration as well as replacement of numerous tissues and organs, including the skin, kidneys, the 

heart, also liver, which has the potential to heal some congenital abnormalities [11-13]. The customary 

dependence on volunteers organs and tissue for transplantation is complicated by the shortage of donors 

and the potential for organ-specific immune rejection [14, 15]. The large number of organ transplants 

performed in poor countries is an example of transplant tourism in which well-funded and powerful 
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foreigners are prioritized over local residents [1, 16, 17]. Strategies like this are often denounced since 

they can result in being taken advantage of vulnerable communities [1, 18, 19]. Regardless of a country's 

economic status, medical institutions that address issues such as organ shortages and the practical 

constraints of organ procurement and preservation can assist increase the overall number of persons 

eligible for organ transplantation [1, 20, 21]. Consequently, there is a need to further develop techniques 

and technologies to expand access to organs and tissues for transplantation. In most situations, such as 

when injured in an accident, conflict, or natural disaster, tissues and organs need to be obtained only 

once for transplantation [22, 23]. The shortage of organs and tissues hampers not only medical care but 

also scientific research. One possibility is to generate lab-grown tissues, made human tissues from 

animals, and biosynthetic organ [27-28]. RM has the potential to help solve these problems [29, 30]. 

For regenerative medicine (RM) approaches to demonstrate effectiveness, the materials employed must 

possess the capability to serve as replacements for damaged tissue, functioning akin to the original 

tissue, or facilitate the regeneration of previously compromised tissue [31, 32]. Cells employed in RM 

and tissue engineering endeavors may be sourced from the patient themselves (autologous) or from a 

different donor (allogeneic). Moreover, xenogeneic cells sourced from animals are viable options for 

integration into regenerative medicine protocols [33, 34]. Tailoring the RM strategies to the individual's 

age enables the exploitation of various techniques to enhance the body's innate recuperative mechanisms 

[35, 36]. Materials have long been utilized to mimic the extracellular matrix of cells, offering more than 

mere structural support [37-39]. Biomaterials, in conjunction with biomimetics, possess the inherent 

capability to stimulate rejuvenation independently, while also serving as carriers for bioactive molecules 

such as growth factors, crucial for driving cellular proliferation [32, 34, 38-40]. Biomaterials or 

scaffolds, previously considered essential for supporting physical cells, can now integrate biological 

signals and cues to improve or enhance tissue and functional regeneration. [41-43]. Different tissues 

have different regeneration capacity, so certain tissues may not need cells and only need biomaterials 

and biologicals, while other tissues do not have extensive regeneration capacity and need biomaterials, 

biologicals and biologicals for regeneration. They also need biomolecules and cells. Organs and tissues 

with little or negligible use of regenerative capacity include cartilage and cornea, while organs and 

tissues with significant regenerative capacity include liver and lungs [ 9 , 44 , 45 ]. 

Over the past decade, both the FDA and EMA have granted authorization for numerous 3D bioprinted 

constructs and stem cell therapies [11, 12, 36, 46]. Such therapies along with goods include biologicals, 

medical equipment, and biopharmaceuticals [36, 47, 48]. This approach uses bone morphogenetic 

proteins (BMPs) for synthesis of bones and platelet-derived growth factors for healing wounds [49, 50]. 

Although FDA-approved products often outperform existing treatments, their effectiveness is variable [ 

36 , 51 – 54 ]. However, most solutions fail to adequately treat intricate injury and disorders [36, 52-54]. 

Emerging biologics, including treatments based on stem cells, take longer for them to reach the market 

due to the stringent rules necessary for FDA clearance and a shortage of funding for these goods. It 

typically takes over a decade for a product to make it to market, and over a billion dollars is being 

invested in its development [12, 29, 36, 51, 55-57]. Introducing new medical devices is generally easier 

and less expensive than introducing drugs or biologicals. This has promoted the research and 

development of acellular regeneration technologies. 

3D printing is one of the most significant technological developments in the last few decades [58, 59]. 

Primarily, it is noteworthy that biological materials can be directly deposited onto scaffolds through the 

process of 3D bioprinting [60]. This innovative technique amalgamates principles from materials 
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science, cell biology, and tissue engineering [59, 61, 62]. To successfully mimic human tissues, 3D 

bioprinting must demonstrate proficiency in reproducing the intricate architecture of the extracellular 

matrix (ECM) and the abundant cell populations characteristic of each tissue type [36, 59, 63-65]. 

 

1. Augmentation of human body tissue and organs 

Bodily tissues, possess both shape and functioning, thus synthetic materials need to be capable of 

mimicking the morphology and qualities of the desired tissues or organs [66-68]. The breakdown of 

organs along with tissues prior to transplantation holds promise because it removes immune cells while 

preserving the structure as well as the composition of the original extracellular matrix material. [69, 70]. 

Decellularization is usually performed on organs that are too old for transplantation. Decellularized 

ECM offers merit of mimicking Specific to tissue Characteristics and thus provides appropriate signals 

for cell differentiation and proliferation [ 69, 71 - 75 ]. The accumulation of specific decellularization 

surfactants is an issue that has to be rectified. Decellularization techniques, in conjunction with the 

advent of biological reactors, have proven to be efficacious in treating a myriad of diseases in laboratory 

animals [44, 76, 77]. If the cellular repopulation stage is skipped, decellularized organs and tissues can 

be used as health products [78–80]. The product is considered cell-free, which reduces time to market. 

There are many methods for decellularization of tissues and organs in general [36, 42]. The majority of 

breakdown procedures have the potential to alter the physical attributes of tissues or organs; 

nevertheless, these techniques also entail the removal of messenger molecules typically present within 

the extracellular matrix (ECM) [36, 42, 69, 71, 74, 77, 81]. Employing chemical agents during the 

decellularization process may induce changes or degradation in the transplanted tissue or organ over 

time, thereby posing the risk of additional complications [44, 69, 72, 77, 82]. 

Fabricated scaffolds often lack the complete fidelity of biological organs and tissues [44, 59, 83, 84]. 

The overwhelming majority of these scaffolds are composed of a combination of extracellular matrix 

(ECM) proteins and synthetic polymers [59, 85-87]. Notably, hydrogels emerge as a compelling option 

due to their resemblance to native tissue properties and their environmentally sustainable nature [36, 88, 

89]. Hydrogels are widely employed in diverse fields, with significant applications observed in the 

treatment of congenital heart defects and the fabrication of vascular grafts [36, 62, 90]. Numerous 

studies have delved into cell proliferation, encompassing chondrocytes, both in elastin-based hydrogels 

independently and when combined with polymers such as polyethylene glycol and polycaprolactone [91-

94]. Additionally, researches has explored the impact of combining ceramics with natural biomaterials 

like type I collagen for the development of mesenchymal stem cells [39]. The role of seeded cells 

remains a subject of contention, with certain studies proposing that these cells predominantly instigate 

inflammation, thus promoting the infiltration of host cells to populate the graft and establish distinct 

blood vessels [36, 62]. Bearing this in mind, numerous vascular grafts, having undergone 

decellularization following extracellular matrix formation, are presently under scrutiny in clinical trials 

[78-80, 95]. Several investigations have illustrated that the mechanical characteristics of hydrogels and 

decellularized extracellular matrices (ECMs) yield therapeutic benefits and impact cellular 

differentiation [41, 51, 96-98]. Multiple investigations are currently ongoing to assess the impact of 

blending different scaffolds to enhance or additively improve scaffold performance [99-101]. 

Furthermore, advancements in noninvasive imaging technology have made it feasible to tailor 

replacement tissues specific to a patient's body measurements [102]. Cutting-edge imaging technologies 

have already been harnessed to produce patient-specific scaffolds. Through the utilization of computed 
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tomography (CT) scans, polymers were employed to fabricate structures such as the trachea and other 

tissues tailored to individual patients [103, 104]. 

 

1. 3D BIOPRINTING 

In 2016, TE focused on additive manufacturing technology or 3D bioprinting. This technique involves 

the deposition of cells and biomaterials (bioinks) into predetermined 3D patterns and shapes through 

bottom-up assembly [105]. Biofabrication technology has made great advances in replicating the shape, 

complexity, and durability of human tissue, which could lead to applications in organ engineering and 

therapy. Combining the use of computer-aided design/manufacturing (CAD/CAM) frameworks and 3D 

bioprinting has the potential to lead to personalized organ repair for patients. 

Several review papers released this year [106-112] provide an up-to-date summary of the rapidly 

evolving research field. 

As 3D bioprinting becomes mainstream, we highlight current advances in basic and applied research. 

We use the unique properties of 3D bioprinting to create new bioink biomaterials, combine 3D 

bioprinting with nanomaterials to address unmet needs, and create multifaceted tissue constructs in the 

clinic. We focus on important technological advances, including advances in the vascular 3D printing 

process. networks. Relevance and application in regenerative medicine [112]. 

1.1 INKJET BIOPRINTING 

Inkjet printing, more commonly known as droplet printers, is suitable for applications that include 

biological as well as non-biological applications. Commercial inkjet paper printers have effectively 

become printers of biological materials [31, 114, 115-117]. Biological materials in a liquid state are 

meticulously applied to specific surfaces with heightened clarity, precision, and swiftness. 

Conventionally, the liquid is propelled from the printer utilizing either thermal or acoustic pressure, 

directed onto a scaffold or substrate—integral constituents of the graft that can be implanted into tissue 

(refer to Figure 1). In thermal inkjet printers, a heated print head dispenses droplets of biological 

material onto the scaffold [118, 119, 120]. Crucially, the heating process does not compromise the 

quality or integrity of the biological material. Thermal inkjet printers stand out as the most cost-effective 

choice and are extensively utilized in numerous bioprinting applications. Inkjet printers can also print on 

a variety of biological materials. Acoustic printers use piezoelectric crystals to generate sound waves 

[121]. Adjusting the time interval and the amplitude of the waves generated in the printer head enables 

the modification of the size of the drops of biological materials. Acoustic inkjet printers provide a 

convenient means to precisely regulate the size and trajectory of the stream of biological material 

droplets. Nevertheless, one drawback of utilizing inkjet printers is the necessity to uphold a specific 

thickness of printed biological materials [59, 122]. Exceeding the specified viscosity may block the 

printer nozzle. To maintain a liquid-like biological material, the amount of cells that are captured and 

subsequently printed is generally reduced. A significant concentration of cells reduces droplet 

production and increases the possibility of printer nozzle clogging [59, 123]. Previously, inkjet 

bioprinting has been utilized for the regeneration of intact skin and cartilage [92, 113]. 
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Figure 1: Using inkjet technology for bioprinting involves two primary methods. In thermal inkjet 

printers, pressure pulses are generated by electrically heating the printhead, which directs droplets of 

biological material through a nozzle. Acoustic inkjet printers, alternatively, utilize piezoelectric pressure 

pulses to transform liquid into droplets. 

1.2 “Laser-assisted bioprinting” (LAB) 

Numerous biological materials, notably peptides, cells, and DNA, have been successfully printed 

utilizing laser-assisted bioprinting [124, 125]. While less common than inkjet and microextrusion 

bioprinting, this technique employs laser pulses to create pressure bubbles, which are then dispersed 

onto the scaffold or substrate (refer to Figure 2). This approach does not cause printer head blockage as 

there is not a nozzle. Furthermore, this approach can be tailored to accommodate various viscosities. 

This suggests that cell densities akin to those found in natural tissues can be achieved with minimal 

impacts on cell viability and functionality [127]. Metallic residues are generated during printing and end 

up in the end product of bioprinted substance; this contamination is a key downside of the technology 

[59, 126]. Furthermore, this procedure is highly expensive, and it is hoped that these prices would reduce 

with time.  The efficacy of laser-assisted bioprinting has been demonstrated in human tissue as well as in 

the development of many animals [128,129]. 

 
Figure 2 - Laser printers employ a pulsed laser beam directed at an absorbent substrate, creating a 

pressure bubble facilitates the deposition of biological material onto the substrate. 

 

2. “New perspectives on RM and tissue engineering” 

When producing tissues as well as grafts, several parameters must be considered, including the 

biological material and biological source used [46, 59]. Transplanted rejuvenated tissue must align with 

normal tissue in terms of cell types and function [58, 130, 131, 132, 133].  As in healthy organs and 

tissues, different cells play different roles, including endothelial cells, which provide structural and 

support functions. Hence, the selection of cells utilized in 3D bioprinting significantly influences the 

performance of the eventual graft or scaffold [44, 59]. 

To integrate, implanted graft or scaffold must regenerate itself and continue to maintain homeostasis [ 29 

, 134 , 135 ]. Autologous cells are the most preferred cell source because they prevent host immune 

responses [134, 135]. Autologous cells can undergo in vitro expansion to cultivate into the desired cell 

types before 3D bioprinting or implantation. Nevertheless, employing autologous cells comes with 

certain constraints, including the regenerative capacity of primary cells and the technical hurdles 

associated with in vitro cell culture. Compared to cell-free printing, 3D bioprinting offers greater 

controllability, as it involves the incorporation of cells during the printing process. Additionally, for 
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successful integration of a graft into the body, proper vascular integration within the patient's blood 

vessels is essential [136, 137]. Our body cells are strategically positioned near blood vessels to facilitate 

the transportation of oxygen and nutrients [138]. However, conventional techniques like biomimetic 

scaffolding and tissue and organ engineering often fall short in meeting the neurological and vascular 

requirements necessary for tissues and organs. To tackle this challenge, a range of angiogenic growth 

factors, including VEGF, bFGF, and PDGF, have been integrated into tissue engineering strategies to 

promote blood vessel formation [138, 139]. These growth factors are administered to the scaffold, 

prompting the body to initiate angiogenesis. However, the short half-life and potential adverse effects of 

growth factors raise concerns [96, 140]. Experimental findings indicate that sustained release of growth 

factors has been successful in preventing necrosis in specific tissues [96, 141]. One strategy to facilitate 

graft vascularization before transplantation is by promoting angiogenesis within the graft itself. 

Endothelial cells can be incorporated into suitable substrates during 3D bioprinting prior to implantation. 

Several approaches, including microfluidics and patterning, have been used to generate or stimulate 

angiogenesis in tissues [ 59 , 142 , 143 ]. It has been shown to enhance the engraftment of the implanted 

graft prior to vascularization of the target site [ 144 , 145 ]. Numerous tissues necessitate the presence of 

additional nerves for optimal functionality. Likewise, analogous tissues require the host to innervate the 

transplanted tissue for proper integration [59, 146]. Similar to vascularization, growth factors are pivotal 

in facilitating nerve sprouting within grafted tissues [147]. Hydrogels can be designed with channels 

containing extracellular matrix (ECM) proteins and growth factors to guide neural growth following 

implantation [148, 149]. 

There are various concerns that need to be addressed with cells utilized in 3D bioprinting. Ensuring cell 

viability throughout the 3D bioprinting process is imperative, staying strong, proliferate, also 

differentiate, much as stem cells do [59]. When the the scaffold or as graft has been implanted, cells 

must operate normally. Finally, all cells employed in the 3D bioprinting process ought to be capable of 

interacting directly or via the release of biomolecules that consist of growth factors & cytokines. 

Therefore, cells with the ability to self-renew and differentiate into various cell types, such as embryonic 

and adult stem cells, are highly sought after. Adult stem cells are deemed safer for transplantation 

compared to other cell types and retain their potency following 3D bioprinting [59, 150]. The 

introduction of external cells alone stimulates the host tissue to release biological molecules such as 

growth factors. Transplanted cells, whether accompanied by scaffolds or materials or not, can trigger a 

host response to repair tissue damage [151, 152]. Moreover, transplanted cells can modify the 

composition of the host extracellular matrix (ECM) by secreting growth factors, producing new ECM 

proteins, or releasing ECM-degrading enzymes like matrix metalloproteinases (MMPs) [153, 154]. 

Transplanted cells do not need to contact host cells to induce these therapeutic responses [59, 150, 155]. 

Mesenchymal stem cells (MSCs) are the preferred cell type when the priority is the repair of damaged 

tissue [150, 156, 157]. These cells are considered safer than embryonic cells. In addition, cells derived 

from adult tissues are widely available. Most commercially available therapies use cells derived from 

adult tissue [69, 158, 159]. Induced pluripotent stem cells (iPSCs) and embryonic stem cells (ES cells) 

serve as abundant cell sources in regenerative medicine initiatives [44, 160]. Several studies have 

showcased that ES cells have the capacity to differentiate into all cell types present in the human body 

and can be safely employed in regenerative medicine procedures [161, 162]. iPSCs, derived from a 

patient's own cells, mitigate the risk of rejection of transplanted cells [163, 164]. However, cells 

transplanted using scaffolds are rapidly eliminated through the host tissue and their efficiency decreases 
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[165]. To address this, coating the cells with materials such as hydrogels may allow them to remain in 

the transplanted tissue for a longer period of time, possibly preventing rejection [166,167]. Coating 

transplanted cells with specific antibodies or peptides facilitates their ability to target particular organs or 

tissues [168, 169]. Despite its role in graft and new tissue rejection, the immune system may actively 

stimulate tissue regeneration and improve graft survival [170]. Because of technological advancements, 

changing scaffold features can reduce graft rejection while increasing graft tolerance [170, 171]. 

 

3. BIOPRINTING OF TISSUES 

3.1  Cartilage Regeneration 

Articular cartilage allows humans, along with other animals, to walk without pain. Pathological events 

and disorders associated with osteoarthritis can cause cartilage loss and pain during movement in 

humans [172-176]. The presence of cartilage adjacent to joint surfaces serves as a lubricant and absorbs 

the body's weight during physical activity. Comprised primarily of extracellular matrix (ECM) proteins 

such as collagen type II and aggrecan, cartilage collaborates with synovial fluid to provide lubrication 

and withstand loads [177]. Successful regeneration necessitates replicating the surface layer or 

interstitial tissue of cartilage. However, synthetic derivatives of polymers and metals pose challenges; 

for instance, plastic and metal cartilage implants have limited lifespans and can provoke a foreign body 

response due to wear. Recently, a combination of chondrocytes and mesenchymal stem cells has been 

employed to address cartilage abnormalities through regeneration [173, 178]. However, the utilization of 

cells has yielded relatively satisfactory outcomes, partly due to a limited understanding of the 

mechanisms underlying cartilage growth. Our research indicates that the extracellular matrix derived 

from the surrounding cells can direct the differentiation of adipose-derived mesenchymal stem cells 

(MSCs) toward the chondrogenic lineage [41, 179]. Recently, biomaterials mimicking cartilage stromal 

tissue have been developed, concurrently promoting cartilage repair. Incorporating hyaluronic acid into 

biomaterials alongside hydrogels enhances lubrication [43, 180]. Crucially, integrating living cells into 

biomaterials has enhanced the regeneration process, yielding superior outcomes compared to using cells 

and biomaterials separately [41, 176, 181]. Some translational research has focused on the combination 

of different biomaterials of stem cells. Multiple studies have showcased that robust soft materials can 

augment the chondrogenic growth of stem cells [41, 182, 183]. Various polyethylene glycol (PEG) 

hydrogels have been investigated for cartilage repair alongside other polymers [184, 185]. Successful 

integration and inclusion of alginate, gellan gum, and type II collagen have been accomplished. 

 

4. 3D BP OF ORGANS 

3D organ BP presents significantly greater challenges compared to tissue bioprinting, as it demands 

precise and intricate placement of multiple cell types to replicate complex organic organs [59, 188]. In 

addition, not only blood vessels, but also nerves are required for organ function. Scientists and doctors 

must determine whether these complex organs can be mass-produced for in-vivo transplantation. While 

thin tissue bioprinting has seen advancements, the 3D printing of larger and more intricate organs and 

tissues poses ongoing challenges. The complexity and size of organs necessitate extended bioprinting 

times, potentially impacting cell viability [29, 59, 189, 190]. Biomolecules like chemokines and growth 

factors can enhance cell viability before and after bioprinting. Bioreactors play a crucial role in post-

printing processes by providing an optimal microenvironment for long-term storage and culture of the 

final scaffold or implant. These bioreactors simulate healthy organ environments, facilitating nutrient, 
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oxygen, and biomolecule exchange and ensuring a conducive environment for the scaffold or graft [69, 

70, 72, 191]. During incubation, cells must communicate and synthesize extracellular matrix (ECM), 

leading to an equilibrium among cells, ECM components, and cell surface receptors [66, 69, 192, 193-

195]. This equilibrium promotes integration of the graft or scaffold with host tissue. Tissue engineering 

and regenerative medicine enable the development of functional, full-scale organs for transplantation 

[66, 69, 192, 194, 196]. Despite the feasibility of 3D bioprinting various tissues due to differences in 

complexity, bioprinting organs remains a formidable challenge.  The complexity of organs requires 

simultaneous bioprinting of many tissues as well as cell lines [1, 66, 69, 192]. To achieve a single 

function, both cells and tissues must be interconnected. The key is that organizations must be able to 

interact with each other. 

4.1  Heart 

The heart, one of the earliest functional organs during fetal development, plays a crucial role in 

sustaining life by facilitating blood circulation throughout the body [100]. With its intricate structure, the 

heart consists primarily of three cell types: cardiomyocytes, endothelial cells, and fibroblasts [200]. 

Heart failure often necessitates organ transplants, but the limited availability of donor organs 

underscores the urgency for alternative solutions. In this context, 3D bioprinting emerges as a promising 

avenue to address this challenge. Numerous publications indicate that many cardiac designs and 

implants have been evaluated [90, 201-204]. The heart needs proper blood vessels and innervation for 

effective functioning. Consequently, cardiac structures and grafts require adequate vascularization, 

which presents a significant problem. The extracellular matrix of the heart plays an important role in cell 

differentiation, including protein expression. The extracellular matrix (ECM) of the heart is 

predominantly composed of collagen. Due to its complexity, heart repair has been approached through 

various techniques such as allografts, xenografts, and even autologous transplants. Tissue engineering 

and regenerative medicine hold promise in addressing heart repair and cardiovascular diseases, 

garnering significant attention. Already, 3D bioprinting has been utilized to create functional heart 

tissue, including heart valves. Biodegradable materials are commonly employed for bioprinting heart 

valves, enabling the replication of valve structures. Multiple 3D bioprinting techniques and cell types 

have been utilized to create living heart tissue [44, 59]. Embryonic stem (ES) cells have shown the 

capability to form embryoid bodies [98], and direct laser synthetic bioprinting provides precise control 

over their size and growth [205, 206]. MSCs containing more endothelial cells have been printed on 

patches to stimulate blood vessel growth [31, 59, 205, 206]. The majority of 3D bioprinted cells 

demonstrate high cell viability and differentiation towards the cardiac lineage, as indicated by the 

expression of cardiovascular transcription factor genes. Coronary artery occlusion and myocardial 

infarction result in significant damage to the heart, prompting exploration of artificial myocardial tissue 

as an alternative solution [207, 208]. Myocardial infarction primarily leads to heart failure due to cell 

death caused by necrosis. Notably, bioprinting technology has been utilized to create viable patterned 

patches that enhance the function of infarcted hearts post-transplantation. For example, alginate 

hydrogels containing cardiomyocyte progenitor cells sustain cell viability and promote cardiac tissue 

repair. Additionally, decellularized heart tissue has been employed in microextrusion bioprinting to 

generate heart tissue [8, 209]. Furthermore, the bioprinting of living prostheses capable of responding to 

cardiac conditions and integrating more effectively with the human heart than non-living prostheses has 

improved prosthetic performance. 
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4.2 Liver 

Hepatocytes comprise the vast majority of liver tissue [210]. The liver contains several additional cells, 

including portal fibroblasts & endothelial cells. The liver plays a crucial role in several metabolic 

activities, including plasma synthesis of proteins, hormone production, & xenobiotic detoxification. The 

liver is divided into four hepatic lobes и contains two types of cells: parenchymal and nonparenchymal. 

Hepatocytes have a tremendous regenerating ability, rendering the liver among the most regenerative 

organs. However, once maintained in vitro, hepatocytes degrade rapidly [211]. Adult stem cells are the 

preferred option for 3D bioprinting of liver tissue because they can be directly harvested from patients, 

allowing for the bioprinting of personalized tissue [173, 211, 212]. These stem cells also express 

hepatocyte-like genes. The creation of microlivers has enabled high-throughput screening of numerous 

promising drugs. Various bioprinting methods have been utilized to create 3D liver tissues [213, 214]. 

Embryonic stem cells have been bioprinted to generate liver constructs using valve-based bioprinting 

techniques, leading to the subsequent differentiation of the cells into hepatocyte-like cells [36, 160, 215]. 

Adipose-derived stromal cells, Wharton's jelly-based stromal cells, and liver progenitor cells are among 

the cell sources utilized for liver construction and transplantation. Bioprinted cells have exhibited 

hepatocyte-like characteristics such as albumin secretion. The incorporation of endothelial cells has 

enhanced the complexity of these structures. Hydrogels incorporating different combinations of gelatin, 

polyethylene glycol, and alginate have been employed for the 3D bioprinting of liver-like structures [32, 

122, 216, 211-213, 217-221]. In addition to injury responses, many 3D bioprinted tissues exhibit liver-

specific functions. Several companies and research institutes have developed liver constructs that mimic 

the natural structure and function of the liver [52, 211, 212, 214, 222, and 223]. The demand for liver 

tissue is significant, and producing liver tissue or even whole livers through bioprinting holds the 

potential to address this demand effectively. Other experiments conducted using liver tissue containing 

organoids include drug trials, including liver disease research. Stem cell-derived hepatocyte-like cells 

rapidly degenerate in vitro, similar to adult hepatocytes [211]. The structure of the liver is intricate, 

characterized by a modular microenvironment, which poses challenges in accurately replicating normal 

liver tissue [211]. 

 

5. Challenges in 3D Bioprinting involving Tissues as well as Organs 

3D bioprinting is a multidisciplinary field, so success requires collaboration between scientists from 

different disciplines. There are many challenges that must be overcome before the existing limited proof 

of concept can be translated into real 3D BP of tissues along with organs. Indeed, there is a pressing 

need for standardized techniques in the design and fabrication of tissues and organs [44, 59, 85]. This is 

problematic because some cells come from people who are very different from each other. As a result, 

the patterns of cell proliferation and final differentiation are different. Many technical issues must also 

be considered. Indeed, several challenges persist in bioprinting processes, including the slow speed of 

bioprinting and the biocompatibility of materials utilized [31, 58, 224, 225]. Moreover, many tissues 

necessitate the incorporation of diverse biomaterials and cells, which must be printed simultaneously and 

accurately positioned, either as a cohesive unit or within a scaffold. Addressing these requirements may 

involve employing various bioprinting strategies. Following bioprinting, the scaffold or construct 

typically undergoes a period of maturation within a bioreactor [69, 71, 159, 194, 226]. This allows the 

cells to deposit extracellular matrix (ECM) simultaneously with the synthesis of biomolecules such as 

growth factors, which are essential for the development of viable tissue structures. 
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Angiogenesis represents one of the most significant challenges in regenerative medicine and tissue 

engineering, a challenge that 3D bioprinting aims to address [127, 228-232]. Numerous studies have 

demonstrated successful creation of 3D vascular tissues in both human and animal models [233–238]. 

For example, Arcudas et al. demonstrated that vascularization of femoral bone defects in rats and sheep 

resulted in enhanced bone formation [239, 240]. Effective 3D bioprinting holds the promise of 

customization to meet an individual's specific regenerative needs. In view of the above, superior 3D 

bioprinting is required to ensure the suitability of the resulting structures and implants for human use. 

Each step of the process requires strict quality controls comparable to those used in human medicine. 

Most experiments to date have been conducted on animals. After development, all structures and 

implants must undergo approval by relevant regulatory authorities such as the FDA or the European 

Medicines Agency. While challenges persist, the field of tissue engineering, like regenerative medicine, 

holds immense potential, achievable through collaborative efforts among clinicians and researchers to 

advance bioprinting strategies and engineering designs. The versatility of 3D bioprinting extends beyond 

organ and tissue creation to other areas of research, including drug toxicity and oncology. 

 

CONCLUSION 

Regenerative medicine is currently used to treat a variety of diseases and conditions. Continuous 

manipulation of hybrid scaffolds and cells enables precise control of the host response to the presence of 

cells and scaffolds within organs and 3D bioprinted structures. Technological advances make it possible 

to colonize cells in specific areas of the scaffold to create customized, patient-specific grafts that 

resemble natural tissue. Most importantly, as more is learned about the vasculature and innervation of 

the graft, integration of the graft with the host tissue will improve. Advancements in technology for the 

controlled release of growth factors within 3D bioprinted structures and organs post-transplantation 

facilitate precise healing and regeneration. Modulating the immune system could potentially minimize 

the immunogenic response to 3D bioprinted organs and tissues, or at least enable scientists to achieve a 

more favorable immune reaction. Enhanced understanding of stem cell behavior and controlled cell 

differentiation may help address safety concerns. Furthermore, modifying the host environment to 

prevent rejection of 3D bioprinted constructs and organs, as well as creating a conducive niche for 

transplanted cells to thrive in "natural conditions," can significantly enhance the outcomes of 

regenerative medicine strategies. Recent research emphasizes the substantial impact of the microbiome 

on nearly every cellular process within the body. Consequently, comprehending the microbiome's role in 

graft establishment or integration is vital. The ongoing development of 3D bioprinted models of human 

disease and illness must persist to drive significant advancements in regenerative medicine strategies. To 

propel the field of regenerative medicine and tissue engineering forward, scientists and physicians must 

embrace a mindset of "mimicking nature" or "collaborating with nature" when designing biomaterials 

and harnessing advanced technologies such as nanotechnology. 

 

REFERENCES 

1. S. Giwa, J. K. Lewis, L. Alvarez et al., “The promise of organ and tissue preservation to transform 

medicine,” Nature Biotechnology, vol. 35, no. 6, pp. 530–542, 2017. 

2. B. Jones and M. Bes, “Keeping kidneys,” Bulletin of the World Health Organization, vol. 90, no. 

10, pp. 718-719, 2012. 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR240323002 Volume 6, Issue 3, May-June 2024 11 

 

3. M. Colvin, J. M. Smith, M. A. Skeans et al., “OPTN/SRTR 2015 annual data report: heart,” 

American Journal of Transplantation, vol. 17, Supplement 1, pp. 286–356, 2017. 

4. A. Hart, J. M. Smith, M. A. Skeans et al., “OPTN/SRTR 2015 annual data report: kidney,” 

American Journal of Transplantation, vol. 17, Supplement 1, pp. 21–116, 2017. 

5. A. K. Israni, D. Zaun, C. Bolch et al., “OPTN/SRTR 2015 annual data report: deceased organ 

donation,” American Journal of Transplantation, vol. 17, Supplement 1, pp. 503–542, 2017. 

6. B. L. Kasiske, S. K. Asrani, M. A. Dew et al., “The living donor collective: a scientific registry for 

living donors,” American journal of transplantation, vol. 17, no. 12, pp. 3040–3048, 2017. 

7. S. Nagral, M. Hussain, S. A. Nayeem, R. Dias, S. A. Enam, and S. Nundy, “Unmet need for surgery 

in south asia,” BMJ, vol. 357, article j1423, 2017. 

8. H. C. Ott, T. S. Matthiesen, S. K. Goh et al., “Perfusion-decellularized matrix: using nature’s 

platform to engineer a bioartificial heart,” Nature Medicine, vol. 14, no. 2, pp. 213–221, 2008. 

9. A. Atala, “Advances in tissue and organ replacement,” Current Stem Cell Research & Therapy, vol. 

3, no. 1, pp. 21–31, 2008. 

10. A. Mendelson and P. S. Frenette, “Hematopoietic stem cell niche maintenance during homeostasis 

and regeneration,” Nature Medicine, vol. 20, no. 8, pp. 833–846, 2014. 

11. A. M. Bailey, M. Mendicino, and P. Au, “An FDA perspective on preclinical development of cell-

based regenerative medicine products,” Nature Biotechnology, vol. 32, no. 8, pp. 721–723, 2014. 

12. P. S. Knoepfler, “From bench to FDA to bedside: us regulatory trends for new stem cell therapies,” 

Advanced Drug Delivery Reviews, vol. 82-83, pp. 192–196, 2015. 

13. X. L. Tang, Q. Li, G. Rokosh et al., “Long-term outcome of administration of c-kitPOS cardiac 

progenitor cells after acute myocardial infarction: transplanted cells do not become cardiomyocytes, 

but structural and functional improvement and proliferation of endogenous cells persist for at least 

one year,” Circulation Research, vol. 118, no. 7, pp. 1091–1105, 2016.  

14. D. J. Lo, B. Kaplan, and A. D. Kirk, “Biomarkers for kidney transplant rejection,” Nature Reviews 

Nephrology, vol. 10, no. 4, pp. 215–225, 2014. 

15. K. J. Wood and R. Goto, “Mechanisms of rejection: current perspectives,” Transplantation, vol. 93, 

no. 1, pp. 1–10, 2012. 

16. J. R. Chapman, “Seeking to close the loopholes in transplant tourism and organ trafficking,” 

Transplantation, vol. 102, no. 1, pp. 11-12, 2018. 

17. J. J. O. Mogaka, L. Mupara, and J. M. Tsoka-Gwegweni, “Ethical issues associated with medical 

tourism in Africa,” Journal of Market Access & Health Policy, vol. 5, no. 1, article 1309770, 2017. 

18. Steering Committee of the Istanbul Summit, “Organ trafficking and transplant tourism and 

commercialism: the declaration of Istanbul,” The Lancet, vol. 372, no. 9632, pp. 5-6, 2008. 

19. International Summit on Transplant Tourism and Organ Trafficking, “The declaration of Istanbul 

on organ trafficking and transplant tourism,” Saudi Journal of Kidney Diseases and Transplantation, 

vol. 21, no. 1, pp. 138–147, 2010. 

20. R. W. Evans, D. L. Manninen, Garrison LP Jr, and A. M. Maier, “Donor availability as the primary 

determinant of the future of heart transplantation,” JAMA: The Journal of the American Medical 

Association, vol. 255, no. 14, pp. 1892–1898, 1986. 

21. D. L. Manninen and R. W. Evans, “Public attitudes and behavior regarding organ donation,” 

JAMA: The Journal of the American Medical Association, vol. 253, no. 21, pp. 3111–3115, 1985. 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR240323002 Volume 6, Issue 3, May-June 2024 12 

 

22. J. Gill, C. Rose, J. Lesage, Y. Joffres, J. Gill, and K. O’Connor, “Use and outcomes of kidneys from 

donation after circulatory death donors in the united states,” Journal of the American Society of 

Nephrology, vol. 28, no. 12, pp. 3647–3657, 2017. 

23. S. Resnick, M. J. Seamon, D. Holena, J. Pascual, P. M. Reilly, and N. D. Martin, “Early declaration 

of death by neurologic criteria results in greater organ donor potential,” Journal of Surgical 

Research, vol. 218, pp. 29–34, 2017. 

24. M. Collin, J. Karpelowsky, and G. Thomas, “Pediatric transplantation: an international 

perspective,” Seminars in Pediatric Surgery, vol. 26, no. 4, pp. 272–277, 2017. 

25. S. A. Hosgood and M. L. Nicholson, “The evolution of donation after circulatory death donor 

kidney repair in the United Kingdom,” Current Opinion in Organ Transplantation, vol. 23, no. 1, pp. 

130–135, 2017. 

26. U. Maggiore, R. Oberbauer, J. Pascual et al., “Strategies to increase the donor pool and access to 

kidney transplantation: an international perspective,” Nephrology Dialysi Transplantation, vol. 30, 

no. 2, pp. 217–222, 2015. 

27. M. G. Francipane and E. Lagasse, “Toward organs on demand: breakthroughs and challenges in 

models of organogenesis,” Current Pathobiology Reports, vol. 4, no. 3, pp. 77–85, 2016. 

28. Shafiee and A. Atala, “Tissue engineering: toward a new era of medicine,” Annual Review of 

Medicine, vol. 68, no. 1, pp. 29–40, 2017. 

29. G. Orlando, P. di Cocco, M. D'Angelo, K. Clemente, A. Famulari, and F. Pisani, “Regenerative 

medicine applied to solid organ transplantation: where do we stand?” Transplantation Proceedings, 

vol. 42, no. 4, pp. 1011–1013, 2010. 

30. R. Pareta, B. Sanders, P. Babbar et al., “Immunoisolation: where regenerative medicine meets solid 

organ transplantation,” Expert Review of Clinical Immunology, vol. 8, no. 7, pp. 685–692, 2012.  

31. G. Gao and X. Cui, “Three-dimensional bioprinting in tissue engineering and regenerative 

medicine,” Biotechnology Letters, vol. 38, no. 2, pp. 203–211, 2016. 

32. X. Guan, M. Avci-Adali, E. Alarcin et al., “Development of hydrogels for regenerative 

engineering,” Biotechnology Journal, vol. 12, no. 5, 2017. 

33. M. J. Kraeutler, J. W. Belk, J. M. Purcell, and E. C. McCarty, “Microfracture versus autologous 

chondrocyte implantation for articular cartilage lesions in the knee: a systematic review of 5-year 

outcomes,” The American Journal of Sports Medicine, vol. 46, no. 4, pp. 995–999, 2017. 

34. H. Mistry, M. Connock, J. Pink et al., “Autologous chondrocyte implantation in the knee: 

systematic review and economic evaluation,” Health Technology Assessment, vol. 21, no. 6, pp. 1–

294, 2017. 

35. A. G. Guex, F. M. Kocher, G. Fortunato et al., “Fine-tuning of substrate architecture and surface 

chemistry promotes muscle tissue development,” Acta Biomaterialia, vol. 8, no. 4, pp. 1481–1489, 

2012. 

36. A. S. Mao and D. J. Mooney, “Regenerative medicine: current therapies and future directions,” 

Proceedings of the National Academy of Sciences of the United States of America, vol. 112, no. 47, 

pp. 14452–14459, 2015. 

37. M. Alves da Silva, A. Martins, A. R. Costa-Pinto et al., “Electrospun nanofibrous meshes cultured 

with Wharton’s jelly stem cell: an alternative for cartilage regeneration, without the need of growth 

factors,” Biotechnology Journal, vol. 12, no. 12, 2017. 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR240323002 Volume 6, Issue 3, May-June 2024 13 

 

38. A. I. Goncalves, M. T. Rodrigues, and M. E. Gomes, “Tissue-engineered magnetic cell sheet 

patches for advanced strategies in tendon regeneration,” Acta Biomaterialia, vol. 63, pp. 110–122, 

2017. 

39. S. Pina, R. F. Canadas, G. Jimenez et al., “Biofunctional ionic-doped calcium phosphates: silk 

fibroin composites for bone tissue engineering scaffolding,” Cells, Tissues, Organs, vol. 204, no. 3-

4, pp. 150–163, 2017. 

40. L. Drowley, C. Koonce, S. Peel et al., “Human induced pluripotent stem cell-derived cardiac 

progenitor cells in phenotypic screening: a transforming growth factor-β type 1 receptor kinase 

inhibitor induces efficient cardiac differentiation,” Stem Cells Translational Medicine, vol. 5, no. 2, 

pp. 164–174, 2016. 

41. K. Dzobo, T. Turnley, A. Wishart et al., “Fibroblast-derived extracellular matrix induces 

chondrogenic differentiation in human adipose-derived mesenchymal stromal/stem cells in vitro,” 

International Journal of Molecular Sciences, vol. 17, no. 8, 2016. 

42. N. D. Evans, E. Gentleman, X. Chen, C. J. Roberts, J. M. Polak, and M. M. Stevens, “Extracellular 

matrix-mediated osteogenic differentiation of murine embryonic stem cells,” Biomaterials, vol. 31, 

no. 12, pp. 3244–3252, 2010. 

43. K. Sadtler, A. Singh, M. T. Wolf, X. Wang, D. M. Pardoll, and J. H. Elisseeff, “Design, clinical 

translation and immunological response of biomaterials in regenerative medicine,” Nature Reviews 

Materials, vol. 1, no. 7, 2016. 

44. A. Atala, “Regenerative medicine strategies,” Journal of Pediatric Surgery, vol. 47, no. 1, pp. 17–

28, 2012. 

45. D. N. Kotton and E. E. Morrisey, “Lung regeneration: mechanisms, applications and emerging stem 

cell populations,” Nature Medicine, vol. 20, no. 8, pp. 822–832, 2014. 

46. C. M. Witten, R. D. McFarland, and S. L. Simek, “Concise review: the U.S. Food and Drug 

Administration and regenerative medicine,” Stem Cells Translational Medicine, vol. 4, no. 12, pp. 

1495–1499, 2015. 

47. M. B. Fisher and R. L. Mauck, “Tissue engineering and regenerative medicine: recent innovations 

and the transition to translation,” Tissue Engineering Part B: Reviews, vol. 19, no. 1, pp. 1–13, 

2013. 

48. R. H. Harrison, J. P. St-Pierre, and M. M. Stevens, “Tissue engineering and regenerative medicine: 

a year in review,” Tissue Engineering Part B: Reviews, vol. 20, no. 1, pp. 1–16, 2014. 

49. S. Barrientos, H. Brem, O. Stojadinovic, and M. Tomic-Canic, “Clinical application of growth 

factors and cytokines in wound healing,” Wound Repair and Regeneration, vol. 22, no. 5, pp. 569–

578, 2014. 

50. B. Jiang, G. Zhang, and E. M. Brey, “Dual delivery of chlorhexidine and platelet-derived growth 

factor-BB for enhanced wound healing and infection control,” Acta Biomaterialia, vol. 9, no. 2, pp. 

4976–4984, 2013. 

51. P. T. Moser and H. C. Ott, “Recellularization of organs: what is the future for solid organ 

transplantation?” Current Opinion in Organ Transplantation, vol. 19, no. 6, pp. 603–609, 2014. 

52. G. Orlando, P. Baptista, M. Birchall et al., “Regenerative medicine as applied to solid organ 

transplantation: current status and future challenges,” Transplantation, vol. 24, no. 3, pp. 223–232, 

2011. 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR240323002 Volume 6, Issue 3, May-June 2024 14 

 

53. G. F. Pierce, T. A. Mustoe, B. W. Altrock, T. F. Deuel, and A. Thomason, “Role of platelet-derived 

growth factor in wound healing,” Journal of Cellular Biochemistry, vol. 45, no. 4, pp. 319–326, 

1991. 

54. D. B. F. Saris, J. Vanlauwe, J. Victor et al., “Treatment of symptomatic cartilage defects of the 

knee: characterized chondrocyte implantation results in better clinical outcome at 36 months in a 

randomized trial compared to microfracture,” The American Journal of Sports Medicine, vol. 37, 

1_Supplement, pp. 10–19, 2009. 

55. A. Nsair, K. Schenke-Layland, B. van Handel et al., “Characterization and therapeutic potential of 

induced pluripotent stem cell-derived cardiovascular progenitor cells,” PLoS One, vol. 7, no. 10, 

article e45603, 2012. 

56. T. E. Travis, N. A. Mauskar, M. J. Mino et al., “Commercially available topical platelet-derived 

growth factor as a novel agent to accelerate burn-related wound healing,” Journal of Burn Care & 

Research, vol. 35, no. 5, pp. e321–e329, 2014. 

57. J. Zhong, S. Wang, W. B. Shen, S. Kaushal, and P. Yang, “The current status and future of cardiac 

stem/progenitor cell therapy for congenital heart defects from diabetic pregnancy,” Pediatric 

Research, vol. 83, no. 1-2, pp. 275–282, 2017. 

58. A. V. Do, B. Khorsand, S. M. Geary, and A. K. Salem, “3D printing of scaffolds for tissue 

regeneration applications,” Advanced Healthcare Materials, vol. 4, no. 12, pp. 1742–1762, 2015. 

59. S. V. Murphy and A. Atala, “3D bioprinting of tissues and organs,” Nature Biotechnology, vol. 32, 

no. 8, pp. 773–785, 2014. 

60. M. Nakamura, S. Iwanaga, C. Henmi, K. Arai, and Y. Nishiyama, “Biomatrices and biomaterials 

for future developments of bioprinting and biofabrication,” Biofabrication, vol. 2, no. 1, article 

014110, 2010. 

61. I. T. Ozbolat, “Bioprinting scale-up tissue and organ constructs for transplantation,” Trends in 

Biotechnology, vol. 33, no. 7, pp. 395–400, 2015. 

62. S. Tara, K. A. Rocco, N. Hibino et al., “Vessel bioengineering,” Circulation Journal, vol. 78, no. 1, 

pp. 12–19, 2014. 

63. K. C. Kuo, R. Z. Lin, H. W. Tien et al., “Bioengineering vascularized tissue constructs using an 

injectable cell-laden enzymatically crosslinked collagen hydrogel derived from dermal extracellular 

matrix,” Acta Biomaterialia, vol. 27, pp. 151–166, 2015. 

64. K. A. Kyburz and K. S. Anseth, “Synthetic mimics of the extracellular matrix: how simple is 

complex enough?” Annals of Biomedical Engineering, vol. 43, no. 3, pp. 489–500, 2015. 

65. Y. Loo and C. A. E. Hauser, “Bioprinting synthetic self-assembling peptide hydrogels for 

biomedical applications,” Biomedical Materials, vol. 11, no. 1, article 014103, 2015. 

66. A. Atala, “Engineering tissues, organs and cells,” Journal of Tissue Engineering and Regenerative 

Medicine, vol. 1, no. 2, pp. 83–96, 2007. 

67. T. Xin, V. Greco, and P. Myung, “Hardwiring stem cell communication through tissue structure,” 

Cell, vol. 164, no. 6, pp. 1212–1225, 2016. 

68. I. V. Yannas, “Emerging rules for inducing organ regeneration,” Biomaterials, vol. 34, no. 2, pp. 

321–330, 2013. 

69. S. F. Badylak, D. Taylor, and K. Uygun, “Whole-organ tissue engineering: decellularization and 

recellularization of three-dimensional matrix scaffolds,” Annual Review of Biomedical 

Engineering, vol. 13, no. 1, pp. 27–53, 2011. 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR240323002 Volume 6, Issue 3, May-June 2024 15 

 

70. J. P. Guyette, S. E. Gilpin, J. M. Charest, L. F. Tapias, X. Ren, and H. C. Ott, “Perfusion 

decellularization of whole organs,” Nature Protocols, vol. 9, no. 6, pp. 1451–1468, 2014. 

71. P. E. Bourgine, B. E. Pippenger, A. Todorov Jr, L. Tchang, and I. Martin, “Tissue decellularization 

by activation of programmed cell death,” Biomaterials, vol. 34, no. 26, pp. 6099–6108, 2013. 

72. J. L. Carvalho, P. Herthel de Carvalho, D. A. Gomes, and A. M. Goes, “Characterization of 

decellularized heart matrices as biomaterials for regular and whole organ tissue engineering and 

initial in-vitro recellularization with IPS cells,” Journal of Tissue Science & Engineering, vol. S11, 

2012. 

73. Y. C. Choi, J. S. Choi, B. S. Kim, J. D. Kim, H. I. Yoon, and Y. W. Cho, “Decellularized 

extracellular matrix derived from porcine adipose tissue as a xenogeneic biomaterial for tissue 

engineering,” Tissue Engineering Part C: Methods, vol. 18, no. 11, pp. 866–876, 2012. 

74. P. M. Crapo, T. W. Gilbert, and S. F. Badylak, “An overview of tissue and whole organ 

decellularization processes,” Biomaterials, vol. 32, no. 12, pp. 3233–3243, 2011. 

75. A. C. Destefani, G. M. Sirtoli, and B. V. Nogueira, “Advances in the knowledge about kidney 

decellularization and repopulation,” Frontiers in Bioengineering and Biotechnology, vol. 5, p. 34, 

2017. 

76. A. Gonfiotti, M. O. Jaus, D. Barale et al., “The first tissue-engineered airway transplantation: 5-year 

follow-up results,” The Lancet, vol. 383, no. 9913, pp. 238–244, 2014. 

77. M. He and A. Callanan, “Comparison of methods for whole-organ decellularization in tissue 

engineering of bioartificial organs,” Tissue Engineering Part B: Reviews, vol. 19, no. 3, pp. 194–

208, 2013. 

78. C. Quint, Y. Kondo, R. J. Manson, J. H. Lawson, A. Dardik, and L. E. Niklason, “Decellularized 

tissue-engineered blood vessel as an arterial conduit,” Proceedings of the National Academy of 

Sciences of the United States of America, vol. 108, no. 22, pp. 9214–9219, 2011. 

79. T. Shin’oka, G. Matsumura, N. Hibino et al., “Midterm clinical result of tissue-engineered vascular 

autografts seeded with autologous bone marrow cells,” The Journal of Thoracic and Cardiovascular 

Surgery, vol. 129, no. 6, pp. 1330–1338, 2005. 

80. M. Y. Tondreau, V. Laterreur, R. Gauvin et al., “Mechanical properties of endothelialized 

fibroblast-derived vascular scaffolds stimulated in a bioreactor,” Acta Biomaterialia, vol. 18, pp. 

176–185, 2015. 

81. R. H. Fu, Y. C. Wang, S. P. Liu et al., “Decellularization and recellularization technologies in tissue 

engineering,” Cell Transplantation, vol. 23, no. 4-5, pp. 621–630, 2014. 

82. S. Zia, M. Mozafari, G. Natasha, A. Tan, Z. Cui, and A. M. Seifalian, “Hearts beating through 

decellularized scaffolds: whole-organ engineering for cardiac regeneration and transplantation,” 

Critical Reviews in Biotechnology, vol. 36, no. 4, pp. 705–715, 2016. 

83. A. Agrawal, N. Rahbar, and P. D. Calvert, “Strong fiber-reinforced hydrogel,” Acta Biomaterialia, 

vol. 9, no. 2, pp. 5313–5318, 2013. 

84. J. H. Shim, J. Y. Kim, M. Park, J. Park, and D. W. Cho, “Development of a hybrid scaffold with 

synthetic biomaterials and hydrogel using solid freeform fabrication technology,” Biofabrication, 

vol. 3, no. 3, article 034102, 2011. 

85. A. Atala, “Engineering organs,” Current Opinion in Biotechnology, vol. 20, no. 5, pp. 575–592, 

2009. 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR240323002 Volume 6, Issue 3, May-June 2024 16 

 

86. S. M. Giannitelli, D. Accoto, M. Trombetta, and A. Rainer, “Current trends in the design of 

scaffolds for computer-aided tissue engineering,” Acta Biomaterialia, vol. 10, no. 2, pp. 580–594, 

2014. 

87. S. Yang, K. F. Leong, Z. Du, and C. K. Chua, “The design of scaffolds for use in tissue engineering. 

Part I. Traditional factors,” Tissue Engineering, vol. 7, no. 6, pp. 679–689, 2001. 

88. J. L. Drury and D. J. Mooney, “Hydrogels for tissue engineering: scaffold design variables and 

applications,” Biomaterials, vol. 24, no. 24, pp. 4337–4351, 2003. 

89. J. Elisseeff, C. Puleo, F. Yang, and B. Sharma, “Advances in skeletal tissue engineering with 

hydrogels,” Orthodontics and Craniofacial Research, vol. 8, no. 3, pp. 150–161, 2005. 

90. J. T. Patterson, T. Gilliland, M. W. Maxfield et al., “Tissue-engineered vascular grafts for use in the 

treatment of congenital heart disease: from the bench to the clinic and back again,” Regenerative 

Medicine, vol. 7, no. 3, pp. 409–419, 2012. 

91. D. S. W. Benoit, M. P. Schwartz, A. R. Durney, and K. S. Anseth, “Small functional groups for 

controlled differentiation of hydrogel-encapsulated human mesenchymal stem cells,” Nature 

Materials, vol. 7, no. 10, pp. 816–823, 2008. 

92. X. Cui, K. Breitenkamp, M. G. Finn, M. Lotz, and D. D. D'Lima, “Direct human cartilage repair 

using three-dimensional bioprinting technology,” Tissue Engineering Part A, vol. 18, no. 11-12, pp. 

1304–1312, 2012. 

93. C. D. Hermann, D. S. Wilson, K. A. Lawrence et al., “Rapidly polymerizing injectable click 

hydrogel therapy to delay bone growth in a murine re-synostosis model,” Biomaterials, vol. 35, no. 

36, pp. 9698–9708, 2014. 

94. P. Smeriglio, J. H. Lai, F. Yang, and N. Bhutani, “3D hydrogel scaffolds for articular chondrocyte 

culture and cartilage generation,” Journal of Visualized Experiments, no. 104, article e53085, 2015. 

95. S. L. M. Dahl, A. P. Kypson, J. H. Lawson et al., “Readily available tissue-engineered vascular 

grafts,” Science Translational Medicine, vol. 3, no. 68, article 68ra9, 2011. 

96. K. Lee, E. A. Silva, and D. J. Mooney, “Growth factor delivery-based tissue engineering: general 

approaches and a review of recent developments,” Journal of the Royal Society Interface, vol. 8, no. 

55, pp. 153–170, 2010. 

97. F. Obregon, C. Vaquette, S. Ivanovski, D. W. Hutmacher, and L. E. Bertassoni, “Three-dimensional 

bioprinting for regenerative dentistry and craniofacial tissue engineering,” Journal of Dental 

Research, vol. 94, 9_Supplement, pp. 143s–152s, 2015. 

98. K. Dzobo, M. Vogelsang, and M. I. Parker, “Wnt/β-catenin and MEK-ERK signaling are required 

for fibroblast-derived extracellular matrix-mediated endoderm differentiation of embryonic stem 

cells,” Stem Cell Reviews, vol. 11, no. 5, pp. 761–773, 2015. 

99. A. Atala, S. B. Bauer, S. Soker, J. J. Yoo, and A. B. Retik, “Tissue-engineered autologous bladders 

for patients needing cystoplasty,” The Lancet, vol. 367, no. 9518, pp. 1241–1246, 2006. 

100. O. W. Hakenberg, “Re: tissue-engineered autologous bladders for patients needing cystoplasty,” 

European Urology, vol. 50, no. 2, pp. 382-383, 2006. 

101. Y. M. Kolambkar, K. M. Dupont, J. D. Boerckel et al., “An alginate-based hybrid system for 

growth factor delivery in the functional repair of large bone defects,” Biomaterials, vol. 32, no. 1, 

pp. 65–74, 2011. 

102. W. Sun, A. Darling, B. Starly, and J. Nam, “Computer-aided tissue engineering: overview, scope 

and challenges,” Biotechnology and Applied Biochemistry, vol. 39, no. 1, pp. 29–47, 2004. 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR240323002 Volume 6, Issue 3, May-June 2024 17 

 

103. F. Ajalloueian, M. L. Lim, G. Lemon et al., “Biomechanical and biocompatibility characteristics of 

electrospun polymeric tracheal scaffolds,” Biomaterials, vol. 35, no. 20, pp. 5307–5315, 2014. 

104. A. Arkudas, J. P. Beier, G. Pryymachuk et al., “Automatic quantitative micro-computed 

tomography evaluation of angiogenesis in an axially vascularized tissue-engineered bone 

construct,” Tissue Engineering Part C: Methods, vol. 16, no. 6, pp. 1503–1514, 2010. 

105. Murphy, S.V., and Atala, A. 3D bioprinting of tissues and organs. Nat Biotech 32, 773, 2014. 

106. Mandrycky, C., Wang, Z., Kim, K., and Kim, D.-H. 3D bioprinting for engineering complex 

tissues. Biotechnology Advances 34, 422, 2016. 

107. Chimene, D., Lennox, K.K., Kaunas, R.R., and Gaharwar, A.K. Advanced Bioinks for 3D Printing: 

A Materials Science Perspective. Annals of Biomedical Engineering 44, 2090, 2016. 

108. Jürgen, G., Thomas, B., Torsten, B., Jason, A.B., Dong-Woo, C., Paul, D.D., Brian, D., Gabor, F., 

Qing, L., Vladimir, A.M., Lorenzo, M., Makoto, N., Wenmiao, S., Shoji, T., Giovanni, V., Tim, 

B.F.W., Tao, X., James, J.Y., and Jos, M. Biofabrication: reappraising the definition of an evolving 

field. Biofabrication 8, 013001, 2016. 

109. Ozbolat, I.T., and Hospodiuk, M. Current advances and future perspectives in extrusion-based 

bioprinting. Biomaterials 76, 321, 2016. 

110. Jungst, T., Smolan, W., Schacht, K., Scheibel, T., and Groll, J. Strategies and Molecular Design 

Criteria for 3D Printable Hydrogels. Chemical Reviews 116, 1496, 2016. 

111. Pati, F., Gantelius, J., and Svahn, H.A. 3D Bioprinting of Tissue/Organ Models. Angewandte 

Chemie International Edition 55, 4650, 2016. 

112. Sears, N.A., Seshadri, D.R., Dhavalikar, P.S., and Cosgriff-Hernandez, E. A Review of Three-

Dimensional Printing in Tissue Engineering. Tissue Eng Part B Rev 22, 298, 2016. 

113. A. Skardal, D. Mack, E. Kapetanovic et al., “Bioprinted amniotic fluid-derived stem cells accelerate 

healing of large skin wounds,” Stem Cells Translational Medicine, vol. 1, no. 11, pp. 792–802, 

2012. 

114. X. Cui, T. Boland, D. D. D'Lima, and M. K. Lotz, “Thermal inkjet printing in tissue engineering 

and regenerative medicine,” Recent Patents on Drug Delivery & Formulation, vol. 6, no. 2, pp. 

149–155, 2012. 

115. X. Zhang and Y. Zhang, “Tissue engineering applications of three-dimensional bioprinting,” Cell 

Biochemistry and Biophysics, vol. 72, no. 3, pp. 777–782, 2015. 

116. J. Li, M. Chen, X. Fan, and H. Zhou, “Recent advances in bioprinting techniques: approaches, 

applications and future prospects,” Journal of Translational Medicine, vol. 14, no. 1, p. 271, 2016. 

117. A. Skardal and A. Atala, “Biomaterials for integration with 3-D bioprinting,” Annals of Biomedical 

Engineering, vol. 43, no. 3, pp. 730–746, 2015. 

118. X. Cui, G. Gao, T. Yonezawa, and G. Dai, “Human cartilage tissue fabrication using three-

dimensional inkjet printing technology,” Journal of Visualized Experiments, no. 88, article e51294, 

2014. 

119. X. Cui, D. Dean, Z. M. Ruggeri, and T. Boland, “Cell damage evaluation of thermal inkjet printed 

Chinese hamster ovary cells,” Biotechnology and Bioengineering, vol. 106, no. 6, pp. 963–969, 

2010. 

120. L. R. Hart, J. L. Harries, B. W. Greenland, H. M. Colquhoun, and W. Hayes, “Supramolecular 

approach to new inkjet printing inks,” ACS Applied Materials & Interfaces, vol. 7, no. 16, pp. 

8906–8914, 2015. 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR240323002 Volume 6, Issue 3, May-June 2024 18 

 

121. R. Jeurissen, A. van der Bos, H. Reinten et al., “Acoustic measurement of bubble size in an inkjet 

printhead,” The Journal of the Acoustical Society of America, vol. 126, no. 5, pp. 2184–2190, 2009. 

122. P. Bajaj, R. M. Schweller, A. Khademhosseini, J. L. West, and R. Bashir, “3d biofabrication 

strategies for tissue engineering and regenerative medicine,” Annual Review of Biomedical 

Engineering, vol. 16, no. 1, pp. 247–276, 2014. 

123. M. Nakamura, A. Kobayashi, F. Takagi et al., “Biocompatible inkjet printing technique for 

designed seeding of individual living cells,” Tissue Engineering, vol. 11, no. 11-12, pp. 1658–1666, 

2005. 

124. D. B. Chrisey, “Materials processing: the power of direct writing,” Science, vol. 289, no. 5481, pp. 

879–881, 2000. 

125. C. Xie, V. Jukna, C. Milian et al., “Tubular filamentation for laser material processing,” Scientific 

Reports, vol. 5, no. 1, p. 8914, 2015. 

126. Y. Lin, Y. Huang, and D. B. Chrisey, “Metallic foil-assisted laser cell printing,” Journal of 

Biomechanical Engineering, vol. 133, no. 2, article 025001, 2011. 

127. B. Hopp, T. Smausz, N. Kresz et al., “Survival and proliferative ability of various living cell types 

after laser-induced forward transfer,” Tissue Engineering, vol. 11, no. 11-12, pp. 1817–1823, 2005. 

128. B. Guillotin, A. Souquet, S. Catros et al., “Laser assisted bioprinting of engineered tissue with high 

cell density and microscale organization,” Biomaterials, vol. 31, no. 28, pp. 7250–7256, 2010. 

129. L. Koch, A. Deiwick, S. Schlie et al., “Skin tissue generation by laser cell printing,” Biotechnology 

and Bioengineering, vol. 109, no. 7, pp. 1855–1863, 2012. 

130. M. P. Chhaya, P. S. Poh, E. R. Balmayor, M. van Griensven, J. T. Schantz, and D. W. Hutmacher, 

“Additive manufacturing in biomedical sciences and the need for definitions and norms,” Expert 

Review of Medical Devices, vol. 12, no. 5, pp. 537–543, 2015. 

131. P. Tack, J. Victor, P. Gemmel, and L. Annemans, “3D-printing techniques in a medical setting: a 

systematic literature review,” Biomedical Engineering Online, vol. 15, no. 1, p. 115, 2016. 

132. H. K. Kurup, B. P. Samuel, and J. J. Vettukattil, “Hybrid 3D printing: a game-changer in 

personalized cardiac medicine?” Expert Review of Cardiovascular Therapy, vol. 13, no. 12, pp. 

1281–1284, 2015. 

133. A. J. Melchiorri, N. Hibino, C. A. Best et al., “3D-printed biodegradable polymeric vascular grafts,” 

Advanced Healthcare Materials, vol. 5, no. 3, pp. 319–325, 2016. 

134. M. Nowicki, A. Wierzbowska, R. Malachowski et al., “VEGF, ANGPT1, ANGPT2, and MMP-9 

expression in the autologous hematopoietic stem cell transplantation and its impact on the time to 

engraftment,” Annals of Hematology, vol. 96, no. 12, pp. 2103–2112, 2017. 

135. C. S. Ong, P. Yesantharao, C. Y. Huang et al., “3D bioprinting using stem cells,” Pediatric 

Research, vol. 83, no. 1-2, pp. 223–231, 2017. 

136. O. Garcia Jr. and J. R. Scott, “Analysis of acellular dermal matrix integration and revascularization 

following tissue expander breast reconstruction in a clinically relevant large-animal model,” Plastic 

and Reconstructive Surgery, vol. 131, no. 5, pp. 741e–751e, 2013. 

137. C. Lloyd-Griffith, T. M. McFadden, G. P. Duffy, R. E. Unger, C. J. Kirkpatrick, and F. J. O’Brien, 

“The pre-vascularisation of a collagen-chondroitin sulphate scaffold using human amniotic fluid-

derived stem cells to enhance and stabilise endothelial cell-mediated vessel formation,” Acta 

Biomaterialia, vol. 26, pp. 263–273, 2015. 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR240323002 Volume 6, Issue 3, May-June 2024 19 

 

138. M. Lovett, K. Lee, A. Edwards, and D. L. Kaplan, “Vascularization strategies for tissue 

engineering,” Tissue Engineering Part B: Reviews, vol. 15, no. 3, pp. 353–370, 2009. 

139. A. Tocchio, M. Tamplenizza, F. Martello et al., “Versatile fabrication of vascularizable scaffolds 

for large tissue engineering in bioreactor,” Biomaterials, vol. 45, pp. 124–131, 2015. 

140. P. Koria, “Delivery of growth factors for tissue regeneration and wound healing,” BioDrugs, vol. 

26, no. 3, pp. 163–175, 2012. 

141. E. A. Silva and D. J. Mooney, “Spatiotemporal control of vascular endothelial growth factor 

delivery from injectable hydrogels enhances angiogenesis,” Journal of Thrombosis and 

Haemostasis, vol. 5, no. 3, pp. 590–598, 2007. 

142. S. Cosson, E. A. Otte, H. Hezaveh, and J. J. Cooper-White, “Concise review: tailoring 

bioengineered scaffolds for stem cell applications in tissue engineering and regenerative medicine,” 

Stem Cells Translational Medicine, vol. 4, no. 2, pp. 156–164, 2015. 

143. B. D. Riehl and J. Y. Lim, “Macro and microfluidic flows for skeletal regenerative medicine,” Cell, 

vol. 1, no. 4, pp. 1225–1245, 2012. 

144. K. Park, “Vascularization in 3D bioprinted scaffolds,” Journal of Controlled Release, vol. 184, p. 

79, 2014. 

145. A. R. Pepper, B. Gala-Lopez, R. Pawlick, S. Merani, T. Kin, and A. M. J. Shapiro, “A 

prevascularized subcutaneous device-less site for islet and cellular transplantation,” Nature 

Biotechnology, vol. 33, no. 5, pp. 518–523, 2015. 

146. X. M. Fu, J. K. Lee, K. Miwa et al., “Sympathetic innervation induced in engrafted engineered 

cardiomyocyte sheets by glial cell line derived neurotrophic factor in vivo,” BioMed Research 

International, vol. 2013, Article ID 532720, 8 pages, 2013. 

147. E. J. Suuronen, C. McLaughlin, P. K. Stys, M. Nakamura, R. Munger, and M. Griffith, “Functional 

innervation in tissue engineered models for in vitro study and testing purposes,” Toxicological 

Sciences, vol. 82, no. 2, pp. 525–533, 2004. 

148. E. C. Tsai, P. D. Dalton, M. S. Shoichet, and C. H. Tator, “Matrix inclusion within synthetic 

hydrogel guidance channels improves specific supraspinal and local axonal regeneration after 

complete spinal cord transection,” Biomaterials, vol. 27, no. 3, pp. 519–533, 2006. 

149. E. C. Tsai, P. D. Dalton, M. S. Shoichet, and C. H. Tator, “Synthetic hydrogel guidance channels 

facilitate regeneration of adult rat brainstem motor axons after complete spinal cord transection,” 

Journal of Neurotrauma, vol. 21, no. 6, pp. 789–804, 2004.  

150. M. B. Murphy, K. Moncivais, and A. I. Caplan, “Mesenchymal stem cells: environmentally 

responsive therapeutics for regenerative medicine,” Experimental & Molecular Medicine, vol. 45, 

no. 11, p. e54, 2013. 

151. A. Taguchi, T. Soma, H. Tanaka et al., “Administration of CD34+ cells after stroke enhances 

neurogenesis via angiogenesis in a mouse model,” Journal of Clinical Investigation, vol. 114, no. 3, 

pp. 330–338, 2004. 

152. T. G. Bird, W. Y. Lu, L. Boulter et al., “Bone marrow injection stimulates hepatic ductular 

reactions in the absence of injury via macrophage-mediated tweak signaling,” Proceedings of the 

National Academy of Sciences of the United States of America, vol. 110, no. 16, pp. 6542–6547, 

2013. 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR240323002 Volume 6, Issue 3, May-June 2024 20 

 

153. P. Hirt-Minkowski, H. P. Marti, G. Honger et al., “Correlation of serum and urinary matrix 

metalloproteases/tissue inhibitors of metalloproteases with subclinical allograft fibrosis in renal 

transplantation,” Transplant Immunology, vol. 30, no. 1, pp. 1–6, 2014. 

154. A. Ould-Yahoui, O. Sbai, K. Baranger et al., “Role of matrix metalloproteinases in migration and 

neurotrophic properties of nasal olfactory stem and ensheathing cells,” Cell Transplantation, vol. 

22, no. 6, pp. 993–1010, 2013. 

155. L. Wang, Y. X. Xu, X. J. Du, Q. G. Sun, and Y. J. Tian, “Dynamic expression profiles of 

mmps/timps and collagen deposition in mechanically unloaded rat heart: implications for left 

ventricular assist device support-induced cardiac alterations,” Journal of Physiology and 

Biochemistry, vol. 69, no. 3, pp. 477–485, 2013. 

156. F. Granero-Molto, J. A. Weis, L. Longobardi, and A. Spagnoli, “Role of mesenchymal stem cells in 

regenerative medicine: application to bone and cartilage repair,” Expert Opinion on Biological 

Therapy, vol. 8, no. 3, pp. 255–268, 2008. 

157. F. Granero-Molto, J. A. Weis, M. I. Miga et al., “Regenerative effects of transplanted mesenchymal 

stem cells in fracture healing,” Stem cells, vol. 27, no. 8, pp. 1887–1898, 2009. 

158. S. Balaji, S. G. Keswani, and T. M. Crombleholme, “The role of mesenchymal stem cells in the 

regenerative wound healing phenotype,” Advances in Wound Care, vol. 1, no. 4, pp. 159–165, 

2012. 

159. U. B. Savukinas, S. R. Enes, A. A. Sjoland, and G. Westergren-Thorsson, “Concise review: the 

bystander effect: mesenchymal stem cell-mediated lung repair,” Stem cells, vol. 34, no. 6, pp. 

1437–1444, 2016. 

160. M. G. Angelos and D. S. Kaufman, “Pluripotent stem cell applications for regenerative medicine,” 

Current Opinion in Organ Transplantation, vol. 20, no. 6, pp. 663–670, 2015. 

161. G. Shroff and J. K. Barthakur, “Safety of human embryonic stem cells in patients with 

terminal/incurable conditions- a retrospective analysis,” Annals of Neurosciences, vol. 22, no. 3, pp. 

132–138, 2015. 

162. O. E. Simonson, A. Domogatskaya, P. Volchkov, and S. Rodin, “The safety of human pluripotent 

stem cells in clinical treatment,” Annals of Medicine, vol. 47, no. 5, pp. 370–380, 2015. 

163. T. Zhao, Z. N. Zhang, Z. Rong, and Y. Xu, “Immunogenicity of induced pluripotent stem cells,” 

Nature, vol. 474, no. 7350, pp. 212–215, 2011. 

164. T. Zhao, Z. N. Zhang, P. D. Westenskow et al., “Humanized mice reveal differential 

immunogenicity of cells derived from autologous induced pluripotent stem cells,” Cell Stem Cell, 

vol. 17, no. 3, pp. 353–359, 2015. 

165. T. J. Kean, P. Lin, A. I. Caplan, and J. E. Dennis, “MSCs: delivery routes and engraftment, cell-

targeting strategies, and immune modulation,” Stem Cells International, vol. 2013, Article ID 

732742, 13 pages, 2013. 

166. A. X. Chen, M. D. Hoffman, C. S. Chen, A. D. Shubin, D. S. Reynolds, and D. S. Benoit, 

“Disruption of cell-cell contact-mediated notch signaling via hydrogel encapsulation reduces 

mesenchymal stem cell chondrogenic potential: winner of the Society for Biomaterials Student 

Award in the Undergraduate Category, Charlotte, NC, April 15 to 18, 2015,” Journal of Biomedical 

Materials Research Part A, vol. 103, no. 4, pp. 1291–1302, 2015. 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR240323002 Volume 6, Issue 3, May-June 2024 21 

 

167. J. Lam, S. Lu, E. J. Lee et al., “Osteochondral defect repair using bilayered hydrogels encapsulating 

both chondrogenically and osteogenically pre-differentiated mesenchymal stem cells in a rabbit 

model,” Osteoarthritis and Cartilage, vol. 22, no. 9, pp. 1291–1300, 2014. 

168. J. C. Babister, R. S. Tare, D. W. Green, S. Inglis, S. Mann, and R. O. C. Oreffo, “Genetic 

manipulation of human mesenchymal progenitors to promote chondrogenesis using “bead-in-bead” 

polysaccharide capsules,” Biomaterials, vol. 29, no. 1, pp. 58–65, 2008. 

169. S. M. Naqvi and C. T. Buckley, “Differential response of encapsulated nucleus pulposus and bone 

marrow stem cells in isolation and coculture in alginate and chitosan hydrogels,” Tissue 

Engineering Part A, vol. 21, no. 1-2, pp. 288–299, 2015. 

170. P. M. Mountziaris, P. P. Spicer, F. K. Kasper, and A. G. Mikos, “Harnessing and modulating 

inflammation in strategies for bone regeneration,” Tissue Engineering Part B: Reviews, vol. 17, no. 

6, pp. 393–402, 2011. 

171. K. Schmidt-Bleek, B. J. Kwee, D. J. Mooney, and G. N. Duda, “Boon and bane of inflammation in 

bone tissue regeneration and its link with angiogenesis,” Tissue Engineering Part B: Reviews, vol. 

21, no. 4, pp. 354–364, 2015. 

172. E. Basad, H. Sturz, and J. Steinmeyer, “Treatment of osteochondral defects of the knee with 

autologous bone graft and chondrocyte transplantation: an overview together with our results,” Acta 

Orthopaedica et Traumatologica Turcica, vol. 41, Supplement 2, pp. 79–86, 2007. 

173. H. Fujie, R. Nansai, W. Ando et al., “Zone-specific integrated cartilage repair using a scaffold-free 

tissue engineered construct derived from allogenic synovial mesenchymal stem cells: biomechanical 

and histological assessments,” Journal of Biomechanics, vol. 48, no. 15, pp. 4101–4108, 2015. 

174. F. T. Moutos, K. A. Glass, S. A. Compton et al., “Anatomically shaped tissue-engineered cartilage 

with tunable and inducible anticytokine delivery for biological joint resurfacing,” Proceedings of 

the National Academy of Sciences of the United States of America, vol. 113, no. 31, pp. E4513–

E4522, 2016. 

175. H. Robert, J. Bahuaud, N. Kerdiles et al., “Treatment of deep cartilage defects in the knee with 

autologous chondrocyte transplantation: a review of 28 cases,” Revue de Chirurgie Orthopédique et 

Réparatrice de l'Appareil Moteur, vol. 93, no. 7, pp. 701–709, 2007. 

176. H. Yin, Y. Wang, Z. Sun et al., “Induction of mesenchymal stem cell chondrogenic differentiation 

and functional cartilage microtissue formation for in vivo cartilage regeneration by cartilage 

extracellular matrix-derived particles,” Acta Biomaterialia, vol. 33, pp. 96–109, 2016. 

177. B. L. Wong, W. C. Bae, J. Chun, K. R. Gratz, M. Lotz, and Robert L. Sah, “Biomechanics of 

cartilage articulation: effects of lubrication and degeneration on shear deformation,” Arthritis and 

Rheumatism, vol. 58, no. 7, pp. 2065–2074, 2008. 

178. A. Viste, M. Piperno, R. Desmarchelier, S. Grosclaude, B. Moyen, and M. H. Fessy, “Autologous 

chondrocyte implantation for traumatic full-thickness cartilage defects of the knee in 14 patients: 6-

year functional outcomes,” Orthopaedics & Traumatology: Surgery & Research, vol. 98, no. 7, pp. 

737–743, 2012. 

179. M. Xu, X. Wang, Y. Yan, R. Yao, and Y. Ge, “An cell-assembly derived physiological 3d model of 

the metabolic syndrome, based on adipose-derived stromal cells and a gelatin/alginate/fibrinogen 

matrix,” Biomaterials, vol. 31, no. 14, pp. 3868–3877, 2010. 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR240323002 Volume 6, Issue 3, May-June 2024 22 

 

180. A. Singh, M. Corvelli, S. A. Unterman, K. A. Wepasnick, P. McDonnell, and J. H. Elisseeff, 

“Enhanced lubrication on tissue and biomaterial surfaces through peptide-mediated binding of 

hyaluronic acid,” Nature Materials, vol. 13, no. 10, pp. 988–995, 2014. 

181. J. M. Coburn, M. Gibson, S. Monagle, Z. Patterson, and J. H. Elisseeff, “Bioinspired nanofibers 

support chondrogenesis for articular cartilage repair,” Proceedings of the National Academy of 

Sciences of the United States of America, vol. 109, no. 25, pp. 10012–10017, 2012. 

182. I. L. Kim, S. Khetan, B. M. Baker, C. S. Chen, and J. A. Burdick, “Fibrous hyaluronic acid 

hydrogels that direct MSC chondrogenesis through mechanical and adhesive cues,” Biomaterials, 

vol. 34, no. 22, pp. 5571–5580, 2013. 

183. W. S. Toh, T. C. Lim, M. Kurisawa, and M. Spector, “Modulation of mesenchymal stem cell 

chondrogenesis in a tunable hyaluronic acid hydrogel microenvironment,” Biomaterials, vol. 33, no. 

15, pp. 3835–3845, 2012. 

184. D. A. Wang, S. Varghese, B. Sharma et al., “Multifunctional chondroitin sulphate for cartilage 

tissue-biomaterial integration,” Nature Materials, vol. 6, no. 5, pp. 385–392, 2007. 

185. Y. Liu, Y. Wu, L. Zhou et al., “A dual-bonded approach for improving hydrogel implant stability in 

cartilage defects,” Materials, vol. 10, no. 2, p. 191, 2017. 

186. H. Huang, X. Zhang, X. Hu et al., “A functional biphasic biomaterial homing mesenchymal stem 

cells for in vivo cartilage regeneration,” Biomaterials, vol. 35, no. 36, pp. 9608–9619, 2014. 

187. M. A. Omobono, X. Zhao, M. A. Furlong et al., “Enhancing the stiffness of collagen hydrogels for 

delivery of encapsulated chondrocytes to articular lesions for cartilage regeneration,” Journal of 

Biomedical Materials Research Part A, vol. 103, no. 4, pp. 1332–1338, 2015. 

188. X. Wang, Y. Yan, and R. Zhang, “Recent trends and challenges in complex organ manufacturing,” 

Tissue Engineering Part B: Reviews, vol. 16, no. 2, pp. 189–197, 2010. 

189. V. Mironov, R. P. Visconti, V. Kasyanov, G. Forgacs, C. J. Drake, and R. R. Markwald, “Organ 

printing: tissue spheroids as building blocks,” Biomaterials, vol. 30, no. 12, pp. 2164–2174, 2009. 

190. J. S. Naftulin, E. Y. Kimchi, and S. S. Cash, “Streamlined, inexpensive 3D printing of the brain and 

skull,” PLoS One, vol. 10, no. 8, article e0136198, 2015. 

191. A. G. Cuenca, H. B. Kim, and K. Vakili, “Pediatric liver transplantation,” Seminars in Pediatric 

Surgery, vol. 26, no. 4, pp. 217–223, 2017. 

192. J. A. Baddour, K. Sousounis, and P. A. Tsonis, “Organ repair and regeneration: an overview,” Birth 

Defects Research Part C: Embryo Today: Reviews, vol. 96, no. 1, pp. 1–29, 2012. 

193. C. M. Arce, B. A. Goldstein, A. A. Mitani, C. R. Lenihan, and W. C. Winkelmayer, “Differences in 

access to kidney transplantation between hispanic and non-hispanic whites by geographic location 

in the United States,” Clinical Journal of the American Society of Nephrology, vol. 8, no. 12, pp. 

2149–2157, 2013. 

194. M. M. Stevens, R. P. Marini, D. Schaefer, J. Aronson, R. Langer, and V. P. Shastri, “In vivo 

engineering of organs: the bone bioreactor,” Proceedings of the National Academy of Sciences of 

the United States of America, vol. 102, no. 32, pp. 11450–11455, 2005. 

195. B. E. Uygun, A. Soto-Gutierrez, H. Yagi et al., “Organ reengineering through development of a 

transplantable recellularized liver graft using decellularized liver matrix,” Nature Medicine, vol. 16, 

no. 7, pp. 814–820, 2010. 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR240323002 Volume 6, Issue 3, May-June 2024 23 

 

196. H. Yagi, A. Soto-Gutierrez, and Y. Kitagawa, “Whole-organ re-engineering: a regenerative 

medicine approach to digestive organ replacement,” Surgery Today, vol. 43, no. 6, pp. 587–594, 

2013. 

197. A. Kumar and J. P. Brockes, “Nerve dependence in tissue, organ, and appendage regeneration,” 

Trends in Neurosciences, vol. 35, no. 11, pp. 691–699, 2012. 

198. H. Wang, X. F. Lin, L. R. Wang et al., “Decellularization technology in cns tissue repair,” Expert 

Review of Neurotherapeutics, vol. 15, no. 5, pp. 493–500, 2015. 

199. M. Xin, E. N. Olson, and R. Bassel-Duby, “Mending broken hearts: cardiac development as a basis 

for adult heart regeneration and repair,” Nature Reviews Molecular Cell Biology, vol. 14, no. 8, pp. 

529–541, 2013. 

200. M. Sylva, M. J. B. van den Hoff, and A. F. M. Moorman, “Development of the human heart,” 

American Journal of Medical Genetics Part A, vol. 164, no. 6, pp. 1347–1371, 2014. 

201. I. Adachi and D. S. L. Morales, “Implantation of total artificial heart in congenital heart disease,” 

Journal of Visualized Experiments, no. 89, article e51569, 2014. 

202. L. J. Burchill and H. J. Ross, “Heart transplantation in adults with end-stage congenital heart 

disease,” Future Cardiology, vol. 8, no. 2, pp. 329–342, 2012. 

203. P. A. Lalit, D. J. Hei, A. N. Raval, and T. J. Kamp, “Induced pluripotent stem cells for post-

myocardial infarction repair: remarkable opportunities and challenges,” Circulation Research, vol. 

114, no. 8, pp. 1328–1345, 2014. 

204. A. J. Razzouk and L. L. Bailey, “Heart transplantation in children for end-stage congenital heart 

disease,” Seminars in Thoracic and Cardiovascular Surgery: Pediatric Cardiac Surgery Annual, vol. 

17, no. 1, pp. 69–76, 2014. 

205. L. Koch, M. Gruene, C. Unger, and B. Chichkov, “Laser assisted cell printing,” Current 

Pharmaceutical Biotechnology, vol. 14, no. 1, pp. 91–97, 2013. 

206. L. Koch, S. Kuhn, H. Sorg et al., “Laser printing of skin cells and human stem cells,” Tissue 

Engineering Part C: Methods, vol. 16, no. 5, pp. 847–854, 2010. 

207. J. S. Alpert, K. A. Thygesen, H. D. White, and A. S. Jaffe, “Diagnostic and therapeutic implications 

of type 2 myocardial infarction: review and commentary,” The American Journal of Medicine, vol. 

127, no. 2, pp. 105–108, 2014. 

208. A. R. Bamber, J. Pryce, A. Cook, M. Ashworth, and N. J. Sebire, “Myocardial necrosis and 

infarction in newborns and infants,” Forensic Science, Medicine, and Pathology, vol. 9, no. 4, pp. 

521–527, 2013. 

209. Y. S. Zhang, A. Arneri, S. Bersini et al., “Bioprinting 3D microfibrous scaffolds for engineering 

endothelialized myocardium and heart-on-a-chip,” Biomaterials, vol. 110, pp. 45–59, 2016. 

210. N. Tanimizu, N. Ichinohe, M. Ishii et al., "Liver progenitors isolated from adult healthy mouse liver 

efficiently differentiate differentiated to functional hepatocytes in vitro and repopulate liver tissue," 

Stem Cells, vol. 34, no. 12, pp. 2889-2901, 2016. 

211. P. Chaudhari, L. Tian, A. Deshmukh, and Y. Y. Jang, “Expression kinetics of hepatic progenitor 

markers in cellular models of human liver development recapitulating hepatocyte and biliary cell 

fate commitment,” Experimental Biology and Medicine, vol. 241, no. 15, pp. 1653–1662, 2016. 

212. G. Mazza, K. Rombouts, A. Rennie Hall et al., “Decellularized human liver as a natural 3D-scaffold 

for liver bioengineering and transplantation,” Scientific Reports, vol. 5, no. 1, article 13079, 2015. 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR240323002 Volume 6, Issue 3, May-June 2024 24 

 

213. M. M. Malinen, L. K. Kanninen, A. Corlu et al., “Differentiation of liver progenitor cell line to 

functional organotypic cultures in 3D nanofibrillar cellulose and hyaluronan-gelatin hydrogels,” 

Biomaterials, vol. 35, no. 19, pp. 5110–5121, 2014. 

214. T. Takebe, N. Koike, K. Sekine et al., “Engineering of human hepatic tissue with functional 

vascular networks,” Organogenesis, vol. 10, no. 2, pp. 260–267, 2014. 

215. R. Gadkari, L. Zhao, T. Teklemariam, and B. M. Hantash, “Human embryonic stem cell derived-

mesenchymal stem cells: an alternative mesenchymal stem cell source for regenerative medicine 

therapy,” Regenerative Medicine, vol. 9, no. 4, pp. 453–465, 2014. 

216. S. Ahadian, R. B. Sadeghian, S. Salehi et al., “Bioconjugated hydrogels for tissue engineering and 

regenerative medicine,” Bioconjugate Chemistry, vol. 26, no. 10, pp. 1984–2001, 2015. 

217. M. Alvarado-Velez, S. B. Pai, and R. V. Bellamkonda, “Hydrogels as carriers for stem cell 

transplantation,” IEEE Transactions on Biomedical Engineering, vol. 61, no. 5, pp. 1474–1481, 

2014. 

218. T. Billiet, E. Gevaert, T. De Schryver, M. Cornelissen, and P. Dubruel, “The 3D printing of gelatin 

methacrylamide cell-laden tissue-engineered constructs with high cell viability,” Biomaterials, vol. 

35, no. 1, pp. 49–62, 2014. 

219. B. Jiang, B. Akar, T. M. Waller, J. C. Larson, A. A. Appel, and E. M. Brey, “Design of a composite 

biomaterial system for tissue engineering applications,” Acta Biomaterialia, vol. 10, no. 3, pp. 

1177–1186, 2014. 

220. C. Liao, F. T. Moutos, B. T. Estes, X. Zhao, and F. Guilak, “Composite three-dimensional woven 

scaffolds with interpenetrating network hydrogels to create functional synthetic articular cartilage,” 

Advanced Functional Materials, vol. 23, no. 47, pp. 5833–5839, 2013. 

221. X. Wang, Y. Yan, and R. Zhang, “Rapid prototyping as a tool for manufacturing bioartificial 

livers,” Trends in Biotechnology, vol. 25, no. 11, pp. 505–513, 2007. 

222. N. S. Bhise, V. Manoharan, S. Massa et al., “A liver-on-a-chip platform with bioprinted hepatic 

spheroids,” Biofabrication, vol. 8, no. 1, article 014101, 2016. 

223. K. H. Hussein, K. M. Park, J. H. Ghim, S. R. Yang, and H. M. Woo, “Three dimensional culture of 

HepG2 liver cells on a rat decellularized liver matrix for pharmacological studies,” Journal of 

Biomedical Materials Research Part B: Applied Biomaterials, vol. 104, no. 2, pp. 263–273, 2016. 

224. N. Hong, G. H. Yang, J. Lee, and G. Kim, “3D bioprinting and its in vivo applications,” Journal of 

Biomedical Materials Research Part B: Applied Biomaterials, vol. 106, no. 1, pp. 444–459, 2018. 

225. S. C. Cox, J. A. Thornby, G. J. Gibbons, M. A. Williams, and K. K. Mallick, “3d printing of porous 

hydroxyapatite scaffolds intended for use in bone tissue engineering applications,” Materials 

Science & Engineering C: Materials for Biological Applications, vol. 47, pp. 237–247, 2015. 

226. K. Sakaguchi, T. Shimizu, and T. Okano, “Construction of three-dimensional vascularized cardiac 

tissue with cell sheet engineering,” Journal of Controlled Release, vol. 205, pp. 83–88, 2015. 

227. E. Hoch, G. E. M. Tovar, and K. Borchers, “Bioprinting of artificial blood vessels: current 

approaches towards a demanding goal,” European Journal of Cardio-Thoracic Surgery, vol. 46, no. 

5, pp. 767–778, 2014. 

228. P. Datta, B. Ayan, and I. T. Ozbolat, “Bioprinting for vascular and vascularized tissue 

biofabrication,” Acta Biomaterialia, vol. 51, pp. 1–20, 2017. 

229. W. Jia, P. S. Gungor-Ozkerim, Y. S. Zhang et al., “Direct 3D bioprinting of perfusable vascular 

constructs using a blend bioink,” Biomaterials, vol. 106, pp. 58–68, 2016. 

https://www.ijfmr.com/


 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR240323002 Volume 6, Issue 3, May-June 2024 25 

 

230. D. Richards, J. Jia, M. Yost, R. Markwald, and Y. Mei, “3D bioprinting for vascularized tissue 

fabrication,” Annals of Biomedical Engineering, vol. 45, no. 1, pp. 132–147, 2017. 

231. L. Liu and X. Wang, “Creation of a vascular system for organ manufacturing,” International Journal 

of Bioprinting, vol. 1, no. 1, pp. 77–86, 2015. 

232. X. Zhao, L. Liu, J. Wang et al., “In vitro vascularization of a combined system based on a 3D 

printing technique,” Journal of Tissue Engineering and Regenerative Medicine, vol. 10, no. 10, pp. 

833–842, 2016. 

233. R. E. Horch, A. Weigand, H. Wajant, J. Groll, A. R. Boccaccini, and A. Arkudas, “Biofabrication: 

new approaches for tissue regeneration,” Handchirurgie Mikrochirurgie Plastische Chirurgie, vol. 

50, no. 2, pp. 93–100, 2018. 

234. B. S. Schon, G. J. Hooper, and T. B. F. Woodfield, “Modular tissue assembly strategies for 

biofabrication of engineered cartilage,” Annals of Biomedical Engineering, vol. 45, no. 1, pp. 100–

114, 2017. 

235. D. Tang, R. S. Tare, L. Y. Yang, D. F. Williams, K. L. Ou, and R. O. C. Oreffo, “Biofabrication of 

bone tissue: approaches, challenges and translation for bone regeneration,” Biomaterials, vol. 83, 

pp. 363–382, 2016. 

236. Y. Huang, K. He, and X. Wang, “Rapid prototyping of a hybrid hierarchical polyurethane-

cell/hydrogel construct for regenerative medicine,” Materials Science & Engineering C: Materials 

for Biological Applications, vol. 33, no. 6, pp. 3220–3229, 2013. 

237. R. Yao, R. Zhang, Y. Yongnian, and X. Wang, “In vitro angiogenesis of 3D tissue engineered 

adipose tissue,” Journal of Bioactive and Compatible Polymers, vol. 24, no. 1, pp. 5–24, 2009. 

238. M. Xu, Y. van, H. Liu, R. Yag, and X. Wang, “Controlled adipose-derived stromal cells 

differentiation into adipose and endothelial cells in a 3D structure established by cell-assembly 

technique,” Journal of Bioactive and Compatible Polymers, vol. 24, 1_Supplement, pp. 31–47, 

2009. 

239. Arkudas, A. Lipp, G. Buehrer et al., “Pedicled transplantation of axially vascularized bone 

constructs in a critical size femoral defect,” Tissue Engineering Part A, vol. 24, no. 5-6, pp. 479–

492, 2018. 

240. Weigand, J. P. Beier, A. Hess et al., “Acceleration of vascularized bone tissue-engineered 

constructs in a large animal model combining intrinsic and extrinsic vascularization,” Tissue 

Engineering Part A, vol. 21, no. 9-10, pp. 1680–1694, 2015. 

https://www.ijfmr.com/

