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Abstract

In the past few years, kidney disease has become a major health problem all over the world.

These diseases affect more than 10% of the world's people and are getting worse all the time.

Chronic kidney disease (CKD) is becoming more common in the United States at a rate of

6-8% per year. Dialysis and transplantation are the only treatments available at this time. But

it’s limited due to lack of donor. Therefore, finding new and better treatments for kidney

diseases is essential for enhancing patient survival and quality of life. However, Stem cell

[SC] therapy and regenerative medicine may bring new choices for renal disease. These

potential treatments might include employing endogenous or external stem cells to repair or

reprogram the organ to renew. This study will focus on stem cell-based therapies for kidney

illnesses, including cell sources, mechanisms, consequences and future issues also the risks in

clinical use.
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Chapter 1

Introduction

1.1 Background

Kidney diseases have increased and since then becoming a global health concern. Renal

failure (CKD) is rising globally, although the U.S. rate is 6-8% per year. More elderly

individuals and diseases including diabetes, heart disease, and high blood pressure create

more of these conditions than 10% of the world's population. Kidney failure, whose

symptoms are caused by decreasing kidney function, is still the worst outcome of CKD, even

though high serum excretion-adjusted combination therapy can prevent chronic

nephropathies. End-stage renal failure patients have two options: dialysis or a kidney

transplant, but there aren't enough donors and the body may reject it. Stem cells and

regenerative medicine may soon change that. Reprogramming an organ to start developing

anew or employing endogenous or exogenous stem cells can help it repair or grow again.

Several cell-based therapies could help restore kidney function and treat renal failure.

Unhealthy kidneys can be treated using stem cells. Success depends on how well SCs can

differentiate, organize, and integrate into existing tissues to restore function, as well as create

Reno protective factor.

1.2 Research Gap

In the analysis of alternatives for kidney injury and transplantation, stem cells and

regenerative medicine are already being introduced as an alternative to dialysis or kidney

transplantation. This is due to the quality of stem cells. Stem cells are a type of cell that has

the ability to self-renew and it can develop into a diversity of adult cells. This systemic

review looks at the various stem cell treatment options for kidney injury and transplantation,

and also which one is the best.



1.3 Objective

The aim of the article is to review the merits and disadvantages of stem cell transplant for

renal failure. To achieve the purpose our research will complete the following objectives.

Objective 1: To evaluate stem cell therapy as a therapeutic approach for kidney disease.

Objective 2: To outline the mechanisms of stem cell treatments aid to recover kidney

function.

Objective 3: To justify that the Mesenchymal stem cell [MSC] is the ideal option for kidney

cell treatments.

Overall, the goal of this study is to establish that stem cell therapy is one of the most effective

remedies for kidney problems and donation.

1.4 Significance

By evaluating the medical decisions for kidney injury and transplantation, this study may

assist in the development of plans of stem cell therapy treatment options for renal illness and

failure, as well as the discovery of the best candidate stem cells. Stem cell therapy would

provide a new method of reaching successful results in kidneys by lowering the side effects

or negative effects of available therapeutic choices. In that situation, stem cell therapy may be

the most successful therapy for renal impairment.
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Chapter 2

Methodology

This article provides a comprehensive summary of several treatment options Kidney diseases

and failure through stem cell therapy and regenerative medicine and the best stem cell option

for the treatment. Information for this review paper was gathered from peer-reviewed

published studies, news items, academic published papers, and web sites. Furthermore, for

this study, articles from prestigious journals such as Springer, Nature, Cells, The Lancet,

MDPI, Frontiers, Bio pharma, Taylor and Francis were evaluated. Many articles were

consulted for information and data, which aided in determining the importance and future of

stem cell as an option for kidney diseases and failure. All of the information was collated and

properly referenced, resulting in a greater understanding. Attempts were made to discover

gaps or withholding data in the available literature. The majority of this research focuses on

the stem cell options for the treatment of kidney diseases and transplantation such as Esc,

Msc, iPSCs etc. Self-renewal is the crucial component of stem cells which is used mainly in

all the options for availing the treatment. It implies that the organism's ability to multiply and

self-renew for at least one natural life span has not been compromised. (LAJTHA, 1979).

Numerous studies indicate that Stem cells would repair or increase the function of destroyed

renal cells in a unique cell-based therapy for renal diseases (Mae et al., 2013c). However,

among all researches MSC became the best treatment option for kidney injury and

transplantation because of its sourcing, availability and useful amplification.

3



Chapter 3

Stem Cell

Stem cells can proliferate and become numerous types of adult cells. Embryonic

organogenesis and tissue regeneration depend on these features. In recent years, several

scientists have studied stem cells. Embryology, hematology, neurology, and skeletal biology

benefit from stem cell research. Stem cells are tissue cells that can maintain their number,

function, and size while also sending out daughters to generate new functioning cells. If the

daughters want a working government, they must get older or more talented (LAJTHA,

1979).

In recent years, several scientists have studied stem cells. Embryology, hematology,

neurology, and skeletal biology have profited from stem cell research. Stem cells may

self-renew, transform into different cells, and generate more of the same sort. Daughters may

require longer time to mature and/or change.  Even if stem cells die, they can proliferate

(maintain). It signifies the organism has reproduced and grown for at least one generation

(LAJTHA, 1979).

Stem cells can divide into adult cells indefinitely. These qualities are necessary for embryonic

organ development and tissue healing. Experts from several sectors have worked on stem cell

research in recent years. Embryology, hematology, neurology, and skeletal biology gain from

stem cell research. Stem cells are tissue cells that maintain their number, function, and size

while sending forth daughters to generate new functioning cells. Girls require greater

distinction and/or maturity to operate completely (Scadden & Srivastava, 2012).

Embryonic and adult stem cells can become cancerous. The blastocyst's core cell mass gives

birth to pluripotent embryonic stem cells, which can form all three germ layers. Embryos

create GSCs for reproduction and SSCs for organ development (Lajtha & Oliver, 1962).
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3.1 Recent statistics

Kidney ailments have become a global epidemic due to their continually rising occurrence.

Key etiologies such as diabetes, cardiovascular disease, and hypertension are on the rise as

the world's population ages (Jager & Fraser, 2017). Over 10% of the country's individual

affected by these disorders. Kidney disorders covers a large variety of illnesses that impair

the structure and function of the kidneys, as well as a wide range of clinical features and

consequences. The length of kidney disease affects whether it is acute or chronic. Chronic

renal disease is increasing significantly of 6–8% each year in the United States alone.

With age, the prevalence of CKD grows, reaching 20% in those over 60 and 35% in those

over 70. To truly understand the potential of cellular treatments or regenerative treatment for

the kidney, one must first appreciate normal renal growth and harm response. The kidney was

once thought to have limited cell turnover and no powerplant. The idea remains, however,

that the kidney develops a maximum nephron complement and thereafter loses them. Our

comprehension of how this organ develops has led us to this assumption.

3.2 Potential sources

Stem cell-based regenerative therapy shows promise for addressing degenerative disorders.

Stem cells would repair damaged kidney cells in a novel cell-based therapy for renal diseases.

Injury-caused renal failure requires cells to grow into injured tubules and become renal

tissues. Adult bone marrow stem cells can become kidney resident cells and repair the organ

(Mae et al., 2013c). (2008) (Humphreys et al., 2008). Several SC subsets have been studied to

repair injured kidneys. PSC-based renal tissue engineering has gained popularity swiftly.

Ethical and allogenic mismatch constraints prevent clinical usage of embryonic stem cells.

Pluripotent ESCs may develop any type of kidney cell making them the best candidate. Mae

et al. helped ESCs grow into intermediate mesoderm (Mae et al., 2013). ESC-derived renal
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cells can be converted into glomeruli and injected into the kidney's proximal tubules to

restore kidney function in animal models (Vigneau and colleagues, 2007). Mae et al. This sort

of cell can't be utilized as much as it might be morally because to teratomas and

immunological rejection. Pluripotent stem cells are embryonic and induced (iPSCs). Stem

cells can become adipocytes, chondrocytes, and osteocytes (Imberti et al., 2015). Fat tissue,

bone marrow stroma, and umbilical cord blood contain MSCs. MSCs grow easily to

therapeutic sizes (Prockop, 1997) (Li & Ikehara, 2013). These cells can repair damaged

tissues and organs.

3.2.1Embryonic stem cells

The inner cell mass of the blastocyst generates ES cells, but their use is hampered by

scientific, legal, and moral implications. ESCs' self-renewability and multiline age

differentiation are two characteristics that look promising in kidney regeneration and cell

therapy. Several studies have revealed that mouse ESCs can merge into kidney

compartments, suggesting that they could be beneficial for kidney repair. In addition,

molecules needed to identify kidney, such as activin A, retinoic acid, and bone morphogenic

proteins (BMPs), promote in vitro differentiation of ESCs into renal lineage cells (Narayanan

et al., 2013) (Takahashi & Yamanaka, 2006). Yamamoto et al observed that teratomas can be

generated in vivo by introducing pluripotent cells (Yamamoto et al., 2006). They developed

teratomas with metanephric–mesenchyme-like structures after infusing undifferentiated

embryonic stem cells into the peritoneum membrane of nude mice (Steenhard and colleagues,

2005). Steenhard et al. showed that 50% of ESC may be absorbed into embryonic kidney

tubules without inducing teratoma formation. To mature into renal progenitor cells, ESCs

were stimulated with acitivin-A, BMP7, and retinoic acid (Kim & Dressler, 2005). This

resulted in the production of intermediate mesoderm and kidney development markers. Renal

replacement therapy is recommended for patients with ESRD. Dialysis, on the other hand, is
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just a brief treatment for patients. Renal hemostatic and endocrine failure, as well as its

complications, are not addressed with dialysis (Wolfe et al., 1999). However, the desire for

donor organs has exceeded the supply (Garcia-Garcia et al., 2012). Because of its precise

shape and sophisticated structure, the kidney is one of the hardest organs to regenerate. Many

ways have utilized ESC differentiation to create complex kidney-like structures known as

organoids, which can arrange themself and comprise various kinds of renal cells.

3.2.2 Bone marrow-derived cells

HSCs and MSCs, which act as stromal support for HSCs, are two types of stem cells found in

bone marrow (BM). One of the most well-known sources of stem cells, bone marrow, has

long been regarded to aid in the repairing of many other organs (Wagers & Weissman, 2004).

Previously research found in kidney, bone marrow-derived cells using gender miss matched

donors and recipients (Poulsom et al., 2001). The capability of bone marrow to home to renal

tissue has been firmly linked to kidney tissue injury, having no proof that it occurs without

renal tissue damage (Lin & Igarashi, 2003). Despite traces of cells incorporating into

several cellular compartments of kidney, the extent of engraftment and functional trans

differentiation were studied more carefully.

Additionally, Held et al shown that chronic renal destruction might cause a 20–50% cell

fusion of renal tubular cells and bone marrow-derived cells. In a glomerulonephritis mice
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model, BMM cells in the renal arteries accelerated kidney regeneration after being

transplanted into the renal artery. Due to both endothelial cell absorption and angiogenic

factor production. Activating BM stem cells using m-CSF, G-CSF and SCF may also

improve kidney regeneration (Nishida et al., 2004) (Stokman et al., 2005). Almost all of these

studies indicated that growth factor treatment improves kidney function following ischemic

or toxic impairment. Proliferation, apoptosis, and neutrophil infiltration are related to this

improvement, the scientists said. Not all consequences are positive. Unfractionated male BM

cells implantation which are non-functional into female recipient proximal tubules, distal

tubules, thick ascending limbs, and collecting ducts (Hopkins et al., 2009).

3.2.3 Induced pluripotent stem cell

Alternative cell sources for ESCs comprise the induced pluripotent stem cells (iPSCs), that

have the same kind of properties to regenerate as Embryonic Stem Cells. iPSCs may keep

both the genetic history and the origin of cell's specific epigenetic memory in the therapy

of cell, the regeneration of kidney, as well as different biomedical activities, providing

indisputable benefits (Liu et al., 2020).

Induced pluripotent stem cells, which may be collected from humans and delivered as a

treatment for the kidney replacement without the suppression of immune system, are the most

powerful source for creating regenerated kidney tissues for implantation (Becherucci et al.,

2018). The human iPSCs have been created from a range of sources, comprising

keratinocytes, skin fibroblasts. Peripheral blood cells, cord blood, hepatocytes, stomach cells,

extra embryonic tissues, completely differentiated T and B cells and, dental pulp (Takasato et

al., 2015). The pluripotency of terminally differentiated renal cells is reprogrammed. In

regards of structure and gene expression, kidney-derived iPSCs are close to human ESC form

of colonies (Zhou et al., 2011) (Dai et al., 2015).
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Human kidney proximal tubular cells were used to produce iPSCs. iPSCs can also be

obtained from micro porous tubular cells of kidney found in urine, which is an easy and

non-invasive process (Zhou et al., 2011). iPSCs may retain both epigenetic and

genetic memory of their cells of origin, which could be useful for the regeneration of kidneys,

cell therapy and other medicinal applications (Dai et al., 2015).

The key mechanism by which generated pluripotent stem cells relieve kidney tissue damage

in CKD and AKI might be through the pathways of paracrine. Recently reported that

iPSC-derived extracellular vesicles reduced macrophage infiltration, protected mitochondria,

and altered oxidative stress genes, improving Reno protection in AKI animals (Collino et al.,

2020). In the trial by Lee et al., iPSC transplantation restored renal function and lowered AKI

mortality, showing antioxidative stress, anti-inflammatory, and anti-apoptotic effects. High

dosages of iPSC accumulation may cause renal impairment. High dosages of iPSC

accumulation may trigger kidney damage. Because PSCs are undifferentiated, there is a

substantial danger of maldifferentiation and ultimately tumor growth when delivered without

pre-differentiation. Gene editing techniques like CRISPR/Cas9 have recently made it feasible

to cure genetic kidney illnesses by changing an iPSC line (Becherucci et al., 2018) (Takasato

et al., 2015).

3.2.4 Mesenchymal stem/stromal cells

One of the most sophisticated SC-based therapies evaluated in people is MSC-based

medication. MSCs can be grown in a lab, thus a single source can yield several therapeutic

dosages. MSCs are excellent for allogeneic off-the-shelf therapy since they lack CD40,

CD80, CD86, DR antigens, and blood type (Horwitz et al., 2002). Multipotent, able to stay

together in culture, displaying conventional surface markers (CD73, CD90, and CD105), and

not expressing hematopoietic lineage markers (CD11 or CD14, CD19, CD34, CD45, CD79a,

and human leukocyte antigen class-II) (Dominici et al., 2006). Stem cells can be extracted
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from the kidney or bone marrow stroma. MSCs are easy to develop and can become many

medical cells. MSCs are used to treat organ problems because they may go to places affected

by ischemia, hypoxia, or inflammation. MSCs are directed to tissue-damaged areas because

they have chemokine receptors (Herrera et al., 2007). For MSCs to migrate, CXCR4/SDF-1

must operate effectively. CXCR4 overexpression helps BMMSC restore renal function after

AKI (Liu et al., 2013).

Intravenous MSCs improved kidney shape and function. MSCs developed on the tubule

epithelial lining when injected into the damaged kidney. In some investigations, renal MSC

engraftment was restricted and short-lived, even though MSCs may engraft into damaged

kidney sites following a transplant (Kale et al., 2003).
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Chapter 4

Discussion

A number of regenerative cell-based remedies for renal failure are getting investigated. The

first therapy is a stem cell injection immediately into the affected kidney. The ability of SCs

to identify, arrange, and integrate into preexisting tissues in order to reestablish function, as

well as their ability to generate Reno protective compounds, is crucial to the treatment's

therapeutic success. Adult SCs and other types of progenitor cells, such as renal progenitor

cells, endothelial progenitor cells, and bone marrow MSCs, have all been investigated in

kidney damage models. Similarly, ESCs and iPSCs have recently been explored. Despite the

fact that several clinical trials advise that MSCs be provided to CKD patients because it is

possible and acceptable, the actual value of those cells is unknown, and numerous essential

problems, such as cell type selection, route of action, and delivery timing, must be solved.

MSCs for SC-based renal damage treatment are suitable of their own group (S. A. Lin et al.,

2010).

4.1 MSCs

Many types of stem cells have already been investigated for their ability to repair injured

kidneys, with the rare occurrence that the ideal cell type for renal regeneration is still being

discussed.

Pluripotent ESCs can become any type of kidney cell. Because they may convert into

numerous types of cells, transplanted cells are more prone to produce neoplasms, which is a

concern. Activin A, retinoic acid, and bone morphogenic proteins enable ESC become renal

progenitor cells. This reduces danger (Bruce et al., 2007) (Vigneau et al., 2007).When firms

can't stand out, few grow. This sort of cell might be rejected by the immune system or grow

into a teratoma, and there are ethical considerations.
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Due of their young, undifferentiated iPSCs raise safety issues after transplantation. iPSCs

may be differentiated into nephrogenic cells and podocytes from renal proximal tubular cells

(S. A. Lin et al., 2010) (Takasato et al., 2013). No AKI animal models have shown that

pre-differentiated iPSCs enhance kidney function or tissue engraftment. After 4 days and 8

weeks of injecting iPSC-produced RPCs into renal tissues, there were no symptoms of

improper differentiation or oncogenicity (Imberti and colleagues, 2015b).

MSCs are employed to repair renal damage caused by SCs. Stem cells may be extracted from

bone marrow stroma (Dominici et al., 2006b) (Meirelles et al., 2006). Growing MSCs to

therapeutic levels. MSCs can form osteocytes, chondrocytes, and adipocytes. MSCs affect the

immune system. They're the most promising cells for treating damaged tissues and organs.

They are associated to mesenchymal stem cell (MSC) migration, which is regulated by the

SCF1/CXCR4 axis, a stromal cell-derived factor, and to MSC transformation into

kidney-specific cells (Morigi, 2004). Herrera et al. After the embryo and kidney had grown

for a period, MSCs were injected directly into the developing glomerulus, tubules, and

interstitium. MSCs can be injected directly into the kidney (Yokoo et al., 2006). Some

findings demonstrate that MSCs do not cure the kidneys by repopulating and engrafting

tubules.
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Tubular cell proliferation and apoptosis delay regeneration. Injecting MSC, MSC-MV, or

MSC conditioned media increases tubular cell proliferation and limits apoptosis, boosts

vascular development, reduces inflammation, and adjusts immunogenicity. Good effects of

injected MSCs are generally obvious within 24 to 48 hours, which is too quick to explain by

epithelialization (Humphreys & Bonventre, 2008). Second, MSC doesn't make enough

epithelial cells to restore nephrons (Humphreys & Bonventre, 2008). Endocrine and paracrine

mechanisms are associated to MSCs' kidney-protective actions. Patients with acute kidney

I/R injury who received IV nestin+ MSCs agree. Nestin+-derived medium may prevent
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ischemic kidney failure via VEGF. This treatment lowered apoptosis, serum creatinine, and

BUN (Jiang et al., 2015).

MSCs generate growth factors and cytokines. Leukemia inhibitory factor, SC factor, G-CSF,

monocyte-chemoattractant protein-1, IL-6, and IL-11, macrophage-colony stimulating factor,

primary fibroblast growth factor, hepatocyte growth factor, and insulin-like growth factor-1

are well-known (Weimar et al., 1998). Some substances promote epithelial cell proliferation,

while others protect blood vessels (Togel et al., 2007). Several anti-inflammatory and

anti-apoptotic processes protect the kidney and promote recovery.

4.2 Renal stem/progenitor cells

Nephrogenic embryonic renal SCs are found to lower shortly after pregnancy or weeks before

birth. At least 6000 cells from several nephron segments are lost in the urine per hour,

emphasizing the significance of progenitor cells in restoring cells lost due to physiological

processes (Mcmahon, 2005). Adult kidneys have been shown to survive acute and chronic

injury, as well as to undergo structural remodeling or repair in a multitude of studies,

suggesting that they may heal. These qualities have attracted attention in renal

stem/progenitor cells in the area (RSPCs).

SC marker expression studies that included embryonic renal marker PAX2 and CD133+ cells

were used to discover RSPCs in the medullary papilla area, distal tubules, and Bowman

capsule of human kidneys (Aggarwal et al., 2016). In mature human kidney tissue, CD133+

renal stem cells relative effects CD24 Romagnani & Remuzzi, 2014). In Bowman's capsule,

CD24+CD133+ cells with pluripotent differentiation potential and self-renewability were

employed to fabricate a subpopulation of parietal epithelial cells (PECs) that expressed

SC-specific transcription factors Oct-4 and BmI-1 (Sagrinati et al., 2006).
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Adult RSPCs of multiple kinds and origins were revealed to have a therapeutic effect in rats

and mice with tubular and glomerular degeneration. On the basis of reno protective

molecules, RSPCs participating in kidney repair are related to the paracrine system. The

activated RSPCs would regenerate the compromised kidney cells (Sagrinati et al., 2006).

4.3 Human clinical Trial

People are looking for new drugs. On-pump cardiac surgery patients at high risk of AKI were

given extremely modest dosages of allogeneic MSCs in a Phase I research (NCT00733876).

Togel and Westenfelder (2010) saw 5 patients. Their kidneys operated for 16 months without

dialysis. Togel and Westenfelder (2010) discovered no negative effects to treatment. The

research lowered hospital stays and readmissions by 40%. A Phase I trial demonstrated that

autologous ex vivo-expanded MSCs given IV improved kidney function (NCT 01275612). In

NCT 01602328, patients with sustained decompensation (creatinine rise of more than 0.5

mg/dl) after 48 hours of surgery were given human MSCs. The 2014 research "Sodium

Bicarbonate Infusion to Reduce Cardiac Surgery-Associated Acute Kidney Injury" didn't

discover satisfactory outcomes. Specific and early biomarkers may be better at predicting

AKI and receiving medical care sooner, which raises the possibility of a positive result. Early

study reveals MSC treatment is well tolerated, but more is needed to determine its

effectiveness. Also, clinical trial outcomes must be examined to discover if adverse data

originated from poorly set-up investigations (F. E. Togel & Westenfelder, 2012).
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Chapter 5

Current Treatment Option

Corticosteroids and renin-angiotensin system inhibitors, notably ACE inhibitors and ARBs,

are effective CKD medication therapies. Accelerating RPC differentiation helped adult mice

and rats rebuild their glomeruli (Zhang et al., 2013) (Macconi et al., 2009). In non-diabetic

and diabetic nephropathy animal models, therapy associated with ACEis and ARBs, hastened

the cure of glomerulosclerosis and vascular diseases along with reducing subsequent kidney

damage in combination or alone (Benigni et al., 2010). This reveals that having a lot of

podocytes per capillary tuft might help alleviate the symptoms of ACE inhibitors (Macconi et

al., 2009). Interestingly, ACEi therapy inhibited the development of glomerulosclerosis by

suppressing PEC proliferation in crescent formation, indicating that this therapy can restore

normal glomerular function (Benigni et al., 2011). AT1 (Ang II receptor) expression thought

to be responsible for RPC proliferation (Rizzo et al., 2013). The data back up the significance

of the Ang II/AT1 receptor network in driving incorrect RPC proliferation and migration in

cell proliferation (Rizzo et al., 2013) (Zhang et al., 2013) and explain whether ARBs are

efficient. The methods by which treatments slow the progression of renal dysfunction are still

being investigated (Remuzzi, 2006).
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Chapter 6

Future Aspects

SC therapy could be a potential way to treat kidney disease. MSCs are a favorable cell type

because of their potential for allogeneic transplantation, ability to differentiate in vivo renally,

and paracrine mechanisms of action, that have been established in several animal research.

MSCs may gain from preconditioning or genetic manipulation to enhance engraftment,

migration, survival, and paracrine capabilities (S. A. Lin et al., 2010). The donor's age, as

well as the functional abnormalities of MSCs obtained from patients suffering from renal

diseases is significant factors. The outcomes of longer, guideline to ensure, and methodically

conducted clinical trials to test the concerns of malignancy and fibrosis will indicate the

actual therapeutic effects of MSC treatment in renal diseases. In diagnostic trials, MSC

injection had no obvious bad impacts. Because of variation in approaches such as the

proportion of released cells and the timing of administration, the efficacy of these cells is up

for discussion (Rizzo et al., 2013).

A tissue-specific progenitor cell, in our viewpoint, is the greatest source for curing

tissue-specific conditions. This type of cell can be created from ESCs or iPSCs. The use of

ESCs and iPSCs for kidney regeneration is still in its early phases of a project. Step-by-step

differentiation protocols must be established to push pluripotent SCs to develop renal

progenitors, intermediate mesoderm, and finally mature, functioning renal cells (Macconi et

al., 2009).

Progenitor cells or adult kidney-specific stem cells will be used to heal chronic conditions.

However, for the current being, these cells are unable to be used for any purpose based on a

variety of factors. Furthermore, CKD or age might disrupt and limit the power of autologous
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RPCs to replenish. RPCs are unable to completely replace lost cells, so many multiply and

move at random, producing in lesions and sclerosis. Medicines or pharmaceuticals which

target other suspected Reno protective mechanisms, as with chemokine receptor antagonists,

may assist RPCs repair themselves and grow. Other signaling pathways involved in RPC

maintenance, control, and damage response will definitely be revealed in the future

(Dominici et al., 2006b).

18



Chapter 7

Limitations

Stem cell therapy appears to advance quickly, demonstrating some basic principles of kidney

regeneration biology. The positive effects of this type of therapy could be maximized by

increasing MSCs' migration, engraftment, survival, and paracrine actions through

preconditioning or genetic modification techniques. But there is lack of techniques and

expertise which is a major concern for this up growing research (Mias et al., 2008). The

infusion of MSCs has not been linked to any significant negative effects in clinical trials

(Tögel & Westenfelder, 2010).The effectiveness of these cells is still debatable, though, at

least in part because of variations in the protocols utilized, such as the quantity of cells

provided and the timing of administration (Tögel & Westenfelder, 2012). Donor age and the

functional abnormalities of MSCs isolated from patients with renal disorders are additional

crucial factors that may have an impact on the therapeutic potential of MSCs. Moreover,To

confirm the long-term safety of these treatments, it is also necessary to conduct fully

structured research works. In order to address the present issues with these cell types,

continuous work is required to construct step-by-step differentiation methods that lead the

SCs to first form intermediate mesoderm, then renal progenitors, and finally to become full,

functioning renal cells (Mias et al., 2008b) .
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7.1 Scope for Improvement

Stem cells have already been investigated for their ability to repair injured kidneys, with the

rare occurrence that the ideal cell type for renal regeneration is still being discussed. Among

from the options as MSC became the promising cell type because of its sourcing, availability

and useful amplification. The positive effects of this type of therapy could be maximized by

increasing MSC migration, engraftment, survival, and paracrine actions through

preconditioning or genetic modification techniques. For having that, more research needs to

be directed towards advanced materials as scaffolds and efficient induction factors that will

lead to further applications of MSCs in stem cell therapy. Allover, many factors influence the

therapeutic potential of MSCs including induction factors, oxygen concentrations, donor age

and mechanical stimuli. Therefore, it must be pointed out that optimizing the culture

conditions along with choosing the appropriate scaffolds and induction factors is an effective

way to improve the therapeutic potential of MSCs to be used as stem cell therapy.

Additionally, it's important to conduct properly planned experimental investigations to

analyze the risk of fibrosis, maldifferentiation and cancer and to confirm the long-term safety

of these treatments. The true clinical efficacy of MSC therapy for renal disorders can only be

revealed by the findings of bigger, well-powered, properly designed clinical trials.
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Chapter 8

Conclusion

SC therapy has the potential to be a promising new kidney disease treatment. Many animal

studies have demonstrated the importance of cell treatment, and because of their allogeneic

potential, ability to undergo in vivo renal differentiation, and paracrine mechanisms of action,

MSCs have been regarded as a prominent cell type. MSC therapy for renal injury is by

far, the most recent options, with promising safety profiles in human trials, despite the

relatively crude approach of infusing single cells via intravenous route. MSC have the

benefits of being relatively simple to collect and culture, being effectively low-cost and

customized treatment options for patients with renal damage. Furthermore, health concerns

from MSC treatment have been documented in animal experiments, and the majority of

evidence indicates that cells engraftment into damaged organs is temporary. The injection of

MSCs has not been associated to any severe side effects in clinical trials. Besides that, to

establish the long-term safety of these therapies and to assess the hazards of fibrosis,

mal-differentiation, or cancer, carefully designed experimental trials are required. Only larger,

well-powered, properly conducted clinical trials will be able to assess the true therapeutic

efficacy of MSC treatment in renal illness. A tissue's progenitor cell, in our opinion, is

possibly the best source for addressing tissue-specific illnesses. ESCs or iPSCs can be

developed to generate this type of cell. The volume of research performed on kidney

regeneration employing ESCs and iPSCs is inadequate. To solve the existing limitations

regarding these cell types, continued efforts are needed in order to develop step-by-step

differentiation methods that lead pluripotent SCs first to generate intermediate mesoderm,

then renal progenitors, and finally formation of mature, functional renal cells.
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