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Abstract
Purpose of Review Historically, there have been many ad-
vances in the ways in which we treat kidney diseases. In par-
ticular, hemodialysis has set the standard for treatment since
the early 1960s and continues today as the most common form
of treatment for acute, chronic, and end-stage conditions.
However, the rising global prevalence of kidney diseases
and our limited understanding of their etiologies have placed
significant burdens on current clinical management regimens.
This has resulted in a desperate need to improve the ways in
which we treat the underlying and ensuing causes of kidney
diseases for those who are unable to receive transplants.
Recent Findings One way of possibly addressing these issues
is through the use of improved bioartificial kidneys.
Bioartificial kidneys provide an extension to conventional ar-
tificial kidneys and dialysis systems, by incorporating aspects
of living cellular and tissue function, in an attempt to better
mimic normal kidneys. Recent advancements in genomic, cel-
lular, and tissue engineering technologies are facilitating the
improved design of these systems.
Summary In this review, we outline various research efforts
that have focused on the development of regenerated organs,
implantable constructs, and whole bioengineered kidneys, as

well as the transitions from conventional dialysis to these nov-
el alternatives. As a result, we envision that these pioneering
efforts can one day produce bioartificial renal technologies
that can either perform or reintroduce essential function, and
thus provide practical options to treat and potentially prevent
kidney diseases.
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Introduction

Kidney disease is a major source of morbidity and mortality
worldwide [1]. Approximately 10% of the global population
is affected by debilitating kidney diseases [2]. In lesser devel-
oped countries, limited access to affordable treatment ac-
counts for staggering annual death tolls [3]. In comparison,
around 80% of the individuals that receive clinical treatments
reside in developed nations [4]. Ironically, the prognoses for
these patients in either situation are similarly daunting [5].
This is because the current standards of clinical care for acute,
chronic, and end-stage injuries are limited to methods that
merely manage the diseases. These methods are incapable of
treating the underlying causes of concern and are primarily
focused on correcting fluid and electrolyte imbalances, as well
as the avoiding nephrotoxins [6].

Beyond the current forms of management, renal transplan-
tation is the ultimate option [6, 7]. Unfortunately, the supply of
viable organs is greatly outweighed by current demand [8].
This issue will only be compounded within the near future, as
we estimate significant increases in the number of individuals
with acute, chronic, and end-stage injuries. These increases
will correlate with growing elderly, diabetic, and metabolic
syndrome patient populations [9]. Other facts that will
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adversely affect the management of kidney diseases are rising
and prohibitive costs of healthcare [2], high rates of transplant
rejection [10], and enhanced progressions of acute and chronic
conditions to renal failure [11].

As of 2015, our annual healthcare spending increased by
5.8%, which resulted in an average cost of $9990 per person
[12]. Such costs accounted for a staggering 20% of the US
economy and anticipated to increase in the future [12].
However, the regenerative medicine industry has been identi-
fied as one possible way to address these rising and prohibi-
tive costs. A recent report by Mason et al. provided a strong
financial case for regenerative medicine [13]. In this report,
they outlined that the high costs associated with product de-
velopment and the efforts need to convince government and
wealthy private agencies to fund these ventures as significant
upfront challenges. They also identified that the potential
returns from reduced direct and indirect costs associated with
a healthy working adult, coupled with tax-based revenues
generated from this industry will make these initial invest-
ments worthwhile [14].

By their estimation, this industry would benefit from re-
duced ongoing expenditure generated from cheaper regenera-
tive procedures and one-time treatments. Specifically, the re-
nal industry would best benefit from great potential savings
associated with having cell-based therapies. Based on the
complex structure of the kidney, this regenerative strategy
would potentially be able to restore health, thereby reducing
benefit payouts, insurance premiums, and patient upkeep
across the entire population landscape [13]. Moreover, the fact
that renal diseases have high interactions with various meta-
bolic disorders could potentially provide additional savings
for a spectrum of medical conditions [12, 14]. A clearer view
of the potential value of such regenerative treatments was
given using the costs per quality-adjusted life year (QALY)
metric. This is a measure of the quality of an individual’s
remaining years, which provides a useful way to indicate the
effectiveness of a given treatment strategy. For instance, high
QALY values, associated with treatments like hip replace-
ments, are linked with an individual ability to return to a nor-
mal standard of life. This is in turn valued at $50,000 per year
in savings [14]. Now, taking existing renal treatments into
consideration, hemodialysis has a QALYvalue that is 60 times
higher than that of hip a replacement. Hemodialysis tech-
niques are incapable generating comparable value, yet regen-
erative strategies like cell therapies are anticipated to match
this normal health benchmark, and thus provide future signif-
icant returns on initial investments.

Consequently, there is a dire need to improve the existing
management of renal care. One way of possibly achieving this
goal is through the development of improved bioartificial kid-
neys. The term bioartificial kidney generally refers to various
replacement therapies, excluding human transplantation,
which provide essential functions like filtration and

volumetric regulation [15]. Traditionally, this definition was
synonymous with dialysis, which as previously mentioned, is
not focused on treating the underlying causes of the injury.
But, recent advancements in genomic, cellular, and tissue en-
gineering technologies have expanded this definition to in-
clude regenerated organs, implantable constructs, and whole
bioengineered kidneys [16]. It is envisioned that these tech-
nologies could perform additional essential functions like
erythropoiesis, hormone secretion, and reabsorption of vital
nutrients. Such advancements would radically transform the
ways in which we treat kidney diseases. In this review, we
look at the major advancements in the bioartificial kidney,
stemming from the original dialysis system to recently ad-
vanced concepts geared towards replacing damaged kidney
tissue and whole organs and its potential to impact the future
management of renal diseases.

Dialysis Systems

Wearable and Implantable Artificial Kidneys

Since the introduction of the dialysis machine, we have ob-
served many iterations of the artificial kidney, as summarized
in Table 1. However, thus far, there has been limited clinical
advancement beyond its original design. This stagnation has
translated into significant treatment burdens, reduced survival
rates, and a debilitated quality of life [19, 20]. To date, the
most advanced clinical systems adequately perform renal fil-
tration, but are incapable of performing essential transport,
metabolic, and endocrine functions [21]. They also substan-
tially limit patient activity, require an adherence to strict diet
and medication regimens, and spawn prohibitive clinical
costs. Nevertheless, it has been suggested that more frequent
sessions may be required to ultimately improve patient-
centered clinical outcomes [22]. For example, dialysis per-
formed 3 days per week may improve metabolic, ventricular
hypertrophy, and blood pressure levels linked to cardiovascu-
lar disease. More frequent sessions can also limit the accumu-
lation of fluid, metabolic waste, and uremic toxins. Such evi-
dence has prompted support for portable hemodialysis sys-
tems to provide continuous solute clearance and ultrafiltration
and potentially improve patient-centered outcomes [22].

A significant advancement in the development of a more
functional artificial kidney came by way of the renal assist
device (RAD). The RAD is a bioartificial system that was first
introduced in the 1980s by Aebischer et al. in an attempt to
meet the need for additional and complex renal functions that
could not be provided by traditional dialysis [23]. This system
relies on the series combination of a conventional hemofilter
and a bioreactor. The hemofilter mimics glomerular filtration,
while the tubular cell-based bioreactor is designed to drive
reabsorption, secretion, and other essential metabolic,

Curr Stem Cell Rep (2017) 3:68–76 69



endocrinologic, and immunologic functions. The inclusion of
such live epithelial cellular components drastically extended
the utility of traditional dialysis by providing benefits unat-
tainable by inanimate technologies [24]. Since then, such ex-
tracorporeal systems have been applied to treat renal failure in
animal models, as well as humans in clinical trials.

Pioneering efforts led byHumes et al. have also generated a
RAD device containing on the order of one billion renal tu-
bular cells that are grown in confluent monolayers [25].
In vitro, ex vivo and clinical studies have confirmed that these
cells retain their capacities to facilitate potassium, bicarbonate,
glucose transport; ammonia and hormone secretion; and ultra-
filtration. Gura et al. also recently conducted an FDA-
approved human trial on a wearable artificial kidney for pa-
tients with end-stage injuries [17]. This system is composed of
a miniaturized, wearable hemodialysis machine based on
dialysate-regenerating sorbent technology. All subjects in this
study remained hemodynamically stable over the treatment
period, and patient fluid removal matched standard ultrafiltra-
tion rates over a 24-h period. The results of these trials provide
evidence that wearable artificial kidneys can be a viable alter-
native to standard dialysis.

A further extension of the wearable RAD system is the
implantable artificial kidney, which is dubbed as the implant-
able renal assist device (iRAD) [16]. The iRAD utilizes
microelectromechanical systems (MEMS) to scale down the
original RAD design into a compact (teacup-sized), implant-
able, self-monitoring, and self-regulating bioartificial kidney.
The iRAD couples a durable, long-life hemofilter with a bio-
reactor of renal tubule cells. It is able to mimic in vivo condi-
tions and self-regulate extracellular fluid volume and clearance
through integrated MEMS sensors, control electronics, and
actuators [16]. This device is expected to drastically improve
the quality of a patient’s life. The major achievement of this
system will be gauged by its ability to minimize the leakage of
albumin and other important macromolecules and simulta-
neously maximizing water permeability. During the past year,
the FDA chose this system as one of the three renal device
projects to pilot a new regulatory approval program that in-
tends to bring breakthrough medical device technologies to
patients faster and more efficiently [26]. The artificial kidney
project by Roy et al. is targeted for clinical trials in 2017 [27].
This project was selected for its transformative potential in
treating end-stage renal disease (ESRD) and for its potential

Table 1 The leading solutions for kidney disease

Renal treatment Latest advancements Existing challenges and projected introduction into clinical practice

Dialysis
systems

• Wearable/implantable kidneys • Clinical trials underway and could begin by 2017 [17], with the earliest
possible clinical introduction by 2020, based on FDA fast track
process [17]

• Pulsatile systems with unique flow patterns

• Enhanced convective transfer of solutes across dialyzer
membranes

• Challenge associated with miniaturizing cell-free artificial systems

• Addition of living cells into these dialysis systems • Need for new membrane/device materials with improved
anticoagulation and antifouling properties (it is not clear for how long
an intact epithelium can be maintained in bioreactor unit)

• High rates of Staphylococcus aureus infections with dialysis catheters

Regenerative
technologies

• Identification of the use of various bioactive compound,
gene, and cell sources

• Current challenges: efficient and safe delivery techniques are needed,
with potential clinical cell therapy by 2020 based on the mandate of
the NEPHSTROM program [18]

• A single intravenous and intrarenal injection of primary
and stem cells

• Possible need for multiple treatments

• The working compound, gene or cell might be slotted into the wrong
spot

• The immune system may respond to the working gene copy that has
been inserted by causing inflammation

• Unexpected deficiency or overexpression of enzyme or protein by gene
therapy, potentially causing other health problems

• Minimizing of offsite effects

Bioengineering • Human-sized renal scaffolds generated from pig and
discarded human kidneys for the development of
replacement kidneys

• Spatial and temporal resolutions of printing systems are still unable to
match those required for organ development, and no foreseeable
clinical introduction date

• Combining stem/progenitor and relevant primary cell
sources for the recellularization of renal scaffolds

• Sophisticated decellularization techniques for intact ECM and
preservation of vasculatures within acellular matrix

• Fully functional recellularization of acellular matrix with appropriate
renal cell sources

• Vascular patency during long-term implantation
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to benefit from early interactions with the FDA in the approval
process and pave the way for future innovations that have the
capacity to transform the current management of renal disease.
If successful, the system will demonstrate for the first time a
miniaturized implantable RAD for the treatment of ESRD. It is
thus hoped that in the long-term, wearable and implantable
devices can perform dialysis outside of the clinic and provide
the desired results at fractions of the in-center dialysis cost. For
instance, in 2014, the dialysis costs associated with both male
and female patients were $82,762.00 and $88,928.00, respec-
tively. With the introduction of these advanced dialysis sys-
tems, it is anticipated that patients will observe at least a 25%
cost reduction [28]. One can also foresee that such systems will
reduce the existing limits on activity and potentially provide
less intrusion on a patient’s lifestyle.

Renal Regenerative Technologies

Bioactive Compounds

With the intention of transitioning from the original artificial
kidney, other areas of research have progressed to focus on the
treatment and prevention of the underlying causes of the renal
disease. Such a shift has led to the identification of various
mechanisms through which we can emulate the body’s native
regenerative process. Bioactive compounds play an essential
role in this process. In the kidney, various bioactive molecules
like cytokines and growth factors promote normal tubular cell
differentiation in an effort to replace lost and damaged tubular
epithelial and function [29, 30]. This phenomenon has been
illustrated in models of acute and chronic injury, whereby
hepatocyte growth factor (HGF) [31–33], epidermal growth
factor (EGF) [34, 35], transforming growth factor-α (TGF-α)
[36, 37], and insulin-like growth factor (IGF-1) [38, 39] have
expedited renal recovery.

Studies have identified HGF’s ability to mediate tissue re-
generation and protect tubular epithelial cells from injury and
apoptosis during acute renal failure [31–33]. It has also been
used to help preserve the renal structure in chronic injury
models by activating matrix degradation to reduce fibrosis.
EGF and TGF-α are well-known mitogens that are expressed
in the kidney, which compel several types of renal cells to
maintain cell cycle activation [37]. This occurs after either
nephrotoxic or ischemic injury, through the increased stimu-
lation of extracellular-regulated kinases to increase DNA syn-
thesis [36, 37]. The comparable use of IGF-1 has provided
evidence to support its role in enhancing stem cell-mediated
renal repair [38, 39].

While the successes of these studies have generated sup-
port for the use of such factors to aid renal regeneration, other
studies have provided mixed perspectives. For example, data
collected by Kopple et al. highlight the limited regenerative

capacity of IGF-1 and the high and frequent doses required to
impact repair mechanisms [40]. These stringent demands also
increase the potential to generate uncontrolled proliferation
[37]. Thus, there is a need for further research that can clearly
outline the compounds and their optimal doses that are capa-
ble of consistently mitigating regulated tissue regeneration.
Simultaneous efforts are also required to construct efficient
systems that will facilitate the safe and targeted in vivo deliv-
ery of these molecules [41••].

Gene Therapy

Our ever-increasing knowledge of the fundamental genetic
mechanisms involved in tissue and organ repair is providing
us with promising treatment options. With specific regard to
the kidney, these therapies have been proposed to improve the
prognoses of patients with acute disorders, by enhancing
transplantation outcomes [21, 42], and treating and possibly
preventing the underlying causes and results of injury [41••,
43]. These strategies could potentially hinder disease progres-
sion and facilitate repair. In comparison, other research efforts
have focused on the development of strategies to aid patients
affected by chronic conditions. This would be a welcomed
tactic to reduce the need for dialysis and transplantation.
Continued and complimentary research to identify new key
structural and functional targets, and better examine existing
ones while improving exogenous gene and cell delivery, will
further enhance the utility of these therapies.

Gene therapy has historically focused on the treatment of
diseases that arise from single genetic disorders like poly-
cystic kidney disease (PKD). PKD remains as one of the
most frequently encountered heredity forms of debilitating
renal disease [44, 45]. Treatment for this condition has cus-
tomarily targeted proteins that are thought to play a mecha-
nistic role in the progression of this disease. Such proteins
are located in hair-like structures that exist in tissue that line
the inside of cysts [46]. These treatments help ease some of
the symptoms of PKD, but are unable to cure the condition.
Recent work conducted in mouse models used the growth
factor vascular endothelial growth factor C (VEGFC) to alter
the architecture of microvessels that surround the cysts.
Daily intraperitoneal injections of recombinant VEGFC nor-
malized the patterns of these vessels and improved renal
function [47]. They also provided modest, yet significant,
increases in lifespan of mice afflicted with either the com-
mon or rarer forms of the disease [47].

Alternatively, numerous studies have investigated the ef-
fects of modifying the activity of genes and proteins known to
have essential roles in the progression of other renal condi-
tions. Investigators have used non-viral and viral vectors to
elicit their upregulated or downregulated expressions. For ex-
ample, in vivo studies have confirmed the renotherapeutic
potential of upregulating isocitrate dehydrogenase 2 (IDH2)
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and a member of the sulfotransferase family (SULT1A1) un-
der hydrodynamic conditions [43]. Enhanced expression of
either protein facilitated the maintenance of mitochondrial
respiration, supporting the fact that adaptive changes in mito-
chondria can confer protection to ischemic damage.

Likewise, intravenous injections of plasmids encodingHGF
provided protective effects similar to those mentioned previ-
ously that were generated from recombinant treatment of this
bioactive factor [48]. HGF has also been shown to help pre-
serve renal architecture in chronic injury models by activating
matrix degradation to reduce fibrosis [48, 49]. Growth
hormone-releasing hormone (GHRH) plasmid-based therapy
has also shown promise in feline and canine chronic injury
models. GHRH-treated animals had improved survival rates,
stimulation of erythropoiesis, and blood urea nitrogen and cre-
atinine clearances compared to those of control animals [18].

Cell Therapy

Cell therapy is yet another rapidly developing regenerative
technique that has the potential to support the treatment of
various diseases. These approaches chiefly rely on the trans-
plantation of primary, stem cells and progenitor cells. Using
these approaches, it is hoped that these treatments could be-
come a reality by 2020 [50]. Our group has recently demon-
strated that primary renal cells isolated from human kidneys
can be used to support renal recovery in rats with CKD [29].
We showed that the intrarenal delivery of an erythropoietin
(EPO)-positive-enriched cells provided better protection from
inflammation and oxidative stress than that of unsorted cell
cultures. In another study, researchers performed 5/6 nephrec-
tomies in rats to generate CKD [37]. These rats were then
treated with tubular cell-enriched population and
unfractionated heterogeneous renal cells. Again, the enriched
cell fraction provided better therapeutic effects by attenuating
canonical pathways of pro-fibrotic extracellular matrix (ECM)
production [29]. These results support the potential use of
such enriched primary cells for the treatment of degenerative
kidney disease.

In comparison, several studies have focused on the use of
various stem cells to treat kidney diseases. There has much
debate over the ethical use and teratoma-derived side effects
surrounding the use of embryonic stem cells for human re-
search. However, less controversy surrounds their potential to
alleviate suffering. As such, these technologies are being eval-
uated for its ability to treat acute and chronic kidney condi-
tions in small and large animals, with the hope of successfully
translating these findings to patients. Thus far, investigators
have delivered these cells to mice with progressive renal fi-
brosis. The systemic administration of embryonic stem cells
hindered the progression of the ischemia-induced fibrosis
[51]. Specifically, these cells facilitated the downregulation
of hypoxia and inflammation. In the case of addressing acute

concerns, adipose-derived stem cell to proximal tubule epithe-
lial cell differentiation has been successfully promoted using
condition media [52]. This discovery may prove to be useful
for the treatment of acute kidney injury (AKI), by promoting
tubular regeneration, at the major site of injury in this disease
[53]. Other animal studies using mesenchymal stem cells have
also generated exciting results. Exogenously delivered bone
marrow-derived stem cells have shown to promote renal tu-
bular cells, mesangial, glomerular endothelial, and podocyte
cell transdifferentiation [37]. Other related studies have dem-
onstrated the ability to harness the therapeutic effects generat-
ed from growth and trophic factors and cytokines released
from these stem cells, as well as their ability to mediate
paracrine-based therapeutic activity. In particular, mesenchy-
mal stem cells have been used to regenerate kidneys after AKI
[54], and their repeated administration has directly reduced
renal fibrosis, aided kidney tissue remodeling, and elevated
microvascular density [55].

In an attempt to strike ethical and safety balances, re-
searchers have focused on the development of cell therapies
using fetal and adult stem cells. For example, amniotic fluid
stem cells (AFSCs) exhibit substantial differentiation and self-
renewal capacities minus the teratoma formation. Using these
cells, Perin et al. demonstrated that after isolation, human
AFSCs that were expanded in culture and reintroduced into
murine embryonic kidneys also underwent organ develop-
ment in vitro [37, 52]. These results outlined their potential
to support organ development, as well as renal regeneration.
Likewise, adipose-, bone marrow-, mesenchymal-, neuronal-
derived adult, or progenitor stem cells have been widely used
for tissue repair. These cell types are quite attractive options as
they maintain the ability to self-renew and differentiate into
multiple lineages, again with a limited risk of teratoma forma-
tion [56]. They can also be readily obtained and highly ex-
panded in culture [57].

Similarly, the Nobel Prize-winning research that uncovered
the manner in which mature, specialized cells can be
reprogrammed to become immature cells called induced plu-
ripotent stem cells (iPSC) capable of developing into all tis-
sues of the body has revolutionized our understanding of cel-
lular and tissue development [58]. Since then, IPSC technol-
ogy has provided an intriguing system that allows manipula-
tion of signaling to direct the differentiation of stem cell niches
towards a variety of renal lineages. In the same way, the con-
troversial existence and identification of rare renal progeni-
tors, which express essential signal-transducing molecules
and possess highly clonogenic and self-renewal capabilities,
define a potential regenerative pathway. These recent efforts
have demonstrated that directed differentiated of stem and
progenitor cells into three-dimensional clusters containing
whole nephron segments. From these findings, it is possible
to envision the use of such immunocompatible tissue seg-
ments, which can be derived from a patient’s cells, to develop
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clinically functional bioartificial kidneys. Overall, these data
demonstrate the potential application of primary cells, and
embryonic, fetal, adult, and induced pluripotent stem cells
for the treatment of kidney diseases, as shown in Fig. 1.

Engineering Whole Kidney and Renal Constructs

Other exciting prospects for the development of bioartificial
kidneys are scaffolding systems. Scaffolds provide a template,
i.e., means to develop tissue constructs and whole organs.
Specifically, the principal function of a scaffolding system is
to direct cell migration, proliferation, and differentiation and
preservation of specific phenotypes. Thus, it is essential that
scaffolding systems possess the following three properties.
First, the system should contain appropriate biological com-
pounds capable of stimulating and guiding tissue growth [59].
These compounds should be able to also provide specific cues
that drive the formation of functional tissues and/or organs.
Second, the scaffold should have intact porous three-
dimensional structures that can provide sufficient space to
properly facilitate the cellular reintroduction [60]. This would
ensure an adequate supply of oxygen and nutrients and elimi-
nate the need for cells to compete for survival. Third, the sys-
tem should also possess the necessary mechanical properties
that will maintain tissue formation during in vitro culture and
in vivo implantation, as well as support biodegradation neces-
sary for impending tissue growth within the scaffold [61].

Based on the need for these properties, three classes of
biomaterials are generally used for scaffolding systems: acel-
lular tissues/organs; natural polymer; and synthetic polymer
matrices [60]. Acellular matrices are generated by a process
known as decellularization. Decellularization isolates the ex-
tracellular matrix of the tissue from its native cells and leaving
behind an ECM scaffold of the original organ. Decellularized
matrices would offer a microenvironment naturally dense of
molecular cues able to drive endogenous organ fabrication
[62, 63•]. Human-sized renal scaffolds generated from pig
and discarded human kidneys appear to be quite a desirable
approach for the development of replacement kidneys.
Natural and synthetic polymers provide alternatives to acellu-
lar structures. Natural polymers contain a combination of col-
lagen, hyaluronic acid, alginate, agarose, chitosan, fibrin, and
gelatin, which serve their ability to adequately support cell
adhesion, migration, proliferation, and differentiation [59].
Moreover, the majority of naturally derived polymers have
properties that are comparable to innate tissues. In compari-
son, many of the properties of synthetic polymers vary signif-
icantly from those of native tissues and provide less favorable
interactions within physiological environments.

These scaffolding systems, as shown in Fig. 2, can be used
in combination with previous outlined stem/progenitor and
relevant primary cell sources for the recellularization of renal
scaffolds [60, 62, 64]. Recellularization is the reintroduction
of renal cells into acellular or polymer matrices. After their
reintroduction, it is anticipated that these cells can undergo

Fig. 1 An illustration of
bioactive compound, gene
therapy, and cell therapy-based
renal regeneration technologies.
PDGF platelet-derived growth
factor, TGF-β transforming
growth factor-beta, VEGF
vascular endothelial growth factor
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some degree of self-organization to create regions of function-
al tissues. Initially, renal-specific cells are an integral compo-
nent of the recellularization process. Therefore, it is feasible to
seed scaffolds with stem or progenitor cells, as they have the
potential to differentiate into various renal lineages and form
functional renal structures. However, an ideal clinical setting
would rely on patient-derived cells. Recellularization using
patient-specific iPSCs would potentially eliminate immune
rejections following implantation. Similarly, primary renal
cells would offer a more practical option to obtain optimal
sources for recellularization.

However, several drawbacks might be encountered when a
na t ive ma t r ix i s p roces sed and has unde rgone
recellularization. One major concern is the ability to maintain
an intact microvasculature within the scaffold. Specifically,
researchers have identified angiogenic control as the most
significant factor that impacts the clinical success of the tissue
engineering field [65]. Decellularized kidneys require a mi-
crovascular system capable of supporting endothelial cell lin-
ings that can minimize the potential for thrombus formation
when transplanted into a living recipient. Moreover, in the
absence of an internal vasculature, cell survival within tissue
constructs will depend primarily on diffusion [65, 66]. As a
result, the innately complex architecture of the kidney and the
provisions it makes to maintain its numerous cell populations
require special cell-seeding allowances that can permit the
proper formation and function of structures like the

glomerulus and proximal tubule. Additionally, it is necessary
that the derived/primary renal cells maintain their phenotypes
prior to implantation.

Conclusions

In conclusion, kidney disease is a major global source of mor-
bidity and mortality. The present clinical standard of care re-
lies primarily on correcting fluid and electrolyte imbalances
and the avoidance of nephrotoxins. This standard is incapable
of treating the underlying causes of debilitating forms of inju-
ry. Thus, there is a clearly defined need to improve the existing
management and treatment of renal disease. One way of pos-
sibly achieving this goal is through the development of im-
proved bioartificial kidneys. Advancements in the bioartificial
kidney, stemming from the traditional dialysis to more recent
concepts that rely on hybrid dialysis, regenerative therapies,
and whole-organ engineering are exciting options. However,
before these novel systems become clinical standards, further
research is required to investigate the microelectromechanical
and cell and scaffolding systems that can be used to facilitate
renal artificial function and drive organ regeneration and
recellularization. It is also necessary for us to balance ethical
issues and safety that support their respective development
and long-term implantation.

Fig. 2 An outline of the properties of scaffolding systems and the applications for treatment of renal diseases
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