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Abstract: The renal disease is a common problem in human society. End-stage renal disease is a big heath problem
in the United States and in all places of the world. Embryonic stem cells, pluripotent derivatives of the inner cell
mass of the blastocyst, are the most primitive cell type likely to find application in cell therapy. Their potential to
generate any cell type of the embryo makes them to be the most attractive stem cell therapy. It is possible to
introduce stem cells into a damaged adult kidney to aid in repairand regeneration. Transdifferentiation offers the
possibility of avoiding complications from immunogenicity of introduced cells by obtaining the more easily
accessible stem cells of another tissue type from the patient undergoing treatment, expanding them in vitro, and
reintroducing them as a therapeutic agent. Adult stem cells may possess a considerable degree of plasticity in the
differentiation. Immunoisolation of heterologous cellsby encapsulation creates opportunities for their safe use asa
component of implanted or ex vivo devices. [Journal of American Science. 2009;5(5):213-222]. (ISSN 1545-4570).
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1. Introduction (Hopkins et al. 2009). The alternate methods stem cell
Normally to say, stem cells could grow to all therapy is offering new hope for the renal disfunction
kinds of cells. In animal tissues stem cells serve as an patients (Berzoff et al., 2008; Sirmon, 1990).
internal repair system to replace other cells as long as The kidney dialysis and transplantation
the life is still alive. When a stem cell divides, it could  techniques have been proved successful, but are marred
remain a stem cell or become another type of adult cell, by inflammation and limited organ availability and graft
such as a muscle, nerve, red blood or a sperm cell. Stem  survival due to immune rejection. Recently, hope has
cell is the origin of an orgnism’s life (Ma, 2005). been placed in the development of stem cell therapies.

End-stage renal disease (ESRD) is a big heath ~ Possible sources for these cells include differentiated
problem in the United States and it costs more than  embryonic stem (ES) cells and adult renal stem cells.
US$30 billion each year on ESRD therapy in USA  Using the patient's own stem cells to repair kidney
(Arnold, 2000; Mai et al., 2006; Ross et al., 2006). It is ~ damage could circumvent the problems of immune
estimated that there are over 2 million patients in USA  rejection and organ availability.
who suffer from ESRD. Chronic kidney disease is Embryonic stem cells are the stem cell that can
increasing at the rate of 6-8% per year in the Unite  be grown in large numbers in the laboratory and retain
States. The acute renal failure (ARF) is even worse. The  the ability to grow into any type of cells including renal,
cause of death by ARF is generally the development of  nerve, heart muscle, bone and insulin-producing cells.
systemic inflammatory syndrome. It is important to  Adult stem cells, such as skin, nerve and bone marrow
know the kidney's role in reclamation of metabolic  stem cells, normally grow into a limited number of cell
substrates and there is considerable drive to develop  types (Snykers et al. 2008). The role of embryonic or
improved therapies for renal failure (Mehta et al., 2007).  adult stem cells, in particular bone marrow-derived
About 60,000 patients in the United States are waiting  stem cells, in regenerating the Kidney after injury has
for a kidney transplant, and some patients have waited been the subject of intensive investigation. Bone
for several years before an appropriate donor can be  marrow-derived stem cells have been shown to give rise
found. The shortage of donor organs limits treatment  to small numbers of most renal cell types, including
for the ESRD patients and requires many patients to  tubular cells, mesangial cells, podocytes, vascular cells
make dialysis to extend the life time. At present, and interstitial cells. Injections of bone marrow-derived
dialysis and transplantation are the common treatment  cells do improve renal function in many animal models
options. However, it is possible to use stem cells and of renal disease. Many stages of nephrogenesis can be
regenerative medicine for kidney disease treatment  studied using cultured embryonic kidneys. ES cells
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have unlimited developmental potential and can be
manipulated at the molecular genetic level by a variety
of methods. ES cell technology may obtain a versatile
cell culture system in which molecular interventions
can be used in vitro on the normal kidney development
program in vivo can be studied (Steenhard et al. 2005).

Stem cells and progenitor cells are necessary
for repair and regeneration of injured renal tissue. Many
factors influence the stem cell growth in damaged
kidney. For example, low levels of erythropoietin
induce mobilization and differentiation of endothelial
progenitor cells and erythropoietin ameliorates tissue
injury. Full regeneration of renal tissue demands the
existence of stem cells and an adequate local milieu, a
so-called stem cell niche. Stem cell may eventually
contribute to novel therapies of the kidney disease
(Perin et al. 2008).

Recently researchers used a rat model of
chronic renal failure in which one kidney is excised so
as to increase the load of the remaining kidney, thus
causing a chronic deterioration that resembles the
clinical situation of renal failure (Alexandre et al.
2008). In Alexandre’s project, the rats were divided into
4 groups: Group 1 were sham operated and both
kidneys left in place; Group 2 had a kidney removed
but were not administered cells; Group 3 were
administered 2x10° lineage negative bone marrow cells
on day 15 after one of the kidneys was removed; Group
4 were administered 2x10° lineage negative bone
marrow cells on days 15, 30, and 45 after one of the
kidneys was removed. They found: (1) Expression of
inflammatory cytokines was reduced on day 16 in
the kidneys of rats receiving stem cells as compared to
rats that were nephrectomized but did not receive
cells. (2) On day 60rats receiving stem cells had
decreased proteinuria, glomerulosclerosis, anemia,
renal infiltration of immune cells and protein
expression of monocyte chemoattractant protein-1, as
well as decreased interstitial area. (3) Injured rats
had higher numbers of proliferating cells in the kidney,
whereas rats receiving stem cells had less. (4) Protein
expression of the cyclin-dependent kinase inhibitor p21
and of vascular endothelial growth factor increased
after nephrectomy and decreased after stem cell
treatment. (5) Onday 120, renal function (inulin
clearance) was improvedin the rats which were
administered bone marrow cells compared to controls.
This study supports the possibility of using bone
marrow cells for wvarious aspects of kidney
failure. Other  studies have demonstrated that
administered stem cells promote kidney repair by
secretion of insulin growth factor-1 (Cornelissen et al.
2008).

Bone marrow stromal cells, also known as
mesenchymal stem cells or fibroblastic colony-forming
units, are multipotent non-hematopoietic stem cells
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adhering to culture plates (Abdallah and Kassem 2009).
Mesenchymal stem cells of the bone marrow have the
ability to renew and differentiate themselves into
multiple lineages of conjunctive tissues, including bone,
cartilage, adipose tissue, tendon, muscle, and bone
marrow stroma. Those cells have been first described
by Friedenstein et al., who found that mesenchymal
stem cells adhere to culture plates, look like in vitro
fibroblasts, and build up colonies (Friedenstein et al.
1987).

Bone marrow is the site of hematopoiesis and
bone marrow transplant has been successfully used for
decades as a means of treating various hematological
malignancies in which the recipient hematopoietic
compartment is replaced by donor-derived stem
cells. Progenitor cells in bone marrow are capable to
differentiate into other tissues, such as cardiac
tissue. Clinical ~ trials  have  been  conducted
demonstrating beneficial effects of bone marrow
infusion in cardiac patients. It is believed that injured
tissue, whether neural tissue after a stroke, or injured
cardiac tissue, has the ability to selectively attract bone
marrow  stem  cells, perhaps  to induce
regeneration. Bone marrow has therapeutic effect in
conditions ranging from liver failure, to peripheral
artery disease, and the possibility of using bone marrow
stem cells in kidney failure has been relatively
understudied (Ma et al. 2009).

Mesenchymal stem cells have been brought to
the attention of many researchers, because these cells
are of great interest for treating various human diseases.
Many studies have isolated mesenchymal stem cells
and controlled, in vitro, its differentiation into
cartilaginous tissue and bone using specific growth
factors, with the objective of using this technology for
repairing injured tissues of mesenchymal origin (Xian
and Foster 2006; Kurdi and Booz 2007).

The origins for renal parenchymal cells could
be: (1) re-entry into cell cycle of differentiated cells; (2)
direct transdifferentiation of one cell type into another;
(3) differentiation from stem cells of the kidney.

2. Native Renal Stem Cells and Renal Regeneration
In embryo, most types of renal parenchymal
cells are derived from metanephric mesenchymal cells.
In animal models, embryonic metanephroi transplanted
into the abdominal cavity of adult animals are colonized
by host vasculature, undergo nephrogenesis and
produce urine, even if the operation is carried out across
species barriers, and with a surprising lack of rejection
(Little 2006). Human and porcine embryonic kidney
progenitor cells have been isolated and, when injected
into mice, can lead to the formation of miniature
kidneys producing urine (Dekel et al. 2003), or protect
against acute renal failure (Lazzeri et al. 2007).
However, there are ethical issues to deal with human ES
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cells. It is important to identify the stem cells. In adult
mammals, many methods have been used to identify
potential multipotent precursor cells, such as label
retention in slow cycling cells, identification of a side
population, and expression of stem cell markers (e.g.
CD133), etc. This has led to the identification of several
candidate renal stem cells which are located amongst
the tubular cell population (Dekel et al. 2006; Gupta et
al. 2006), in the Bowman's capsule, papillary region or
cortical interstitium (Bussolati et al. 2005; Sagrinati et
al. 2006; Rad et al. 2008). Of note, other studies have
not confirmed the presence of a large pool of precursor
cells amongst the tubular population and instead argue
that regeneration occurs through proliferation of
differentiated tubular cells (Mogetseder et al. 2008;
Witzgall 2008). Some of the candidate renal stem cells
have been shown to enhance recovery after tubular
injury, possibly by integration in the tubular epithelium
(Rad et al. 2008).

3. Bone Marrow-Derived Stem Cells and Renal
Regeneration

Bone marrow stem cells would be an ideal
source of multipotent cells: they are an unlimited source
of expandable autologous cells, plasticity and easy to
harvest. The plasticity has been observed both for the
haematopoietic stem cell and for the bone marrow
mesenchymal stem cells. There are important
discrepancies in the literature addressing the role of
bone marrow cells in renal regeneration. The bone
marrow transplantation is the most common technique
to study bone marrow cell plasticity. The host bone
marrow is replaced by donor bone marrow, and after
bone marrow chimerism is established, donor cells are
tracked down in the kidney. The donor bone marrow
cells are distinguished from host cells by virtue of their
chromosome content, the expression of a reporter
molecule (F-galactosidase, luciferase, enhanced green
fluorescent protein), or the performance of a function
(re-establishment of a function in a knockout mouse
model). The type of host cell that the bone
marrow-derived cell has given rise to (tubular,
mesangial, etc.) is ascertained most often using
immunohistochemistry.

Discrepancies between studies are attributable
to several factors: (1) observations in different species
(mouse, rat, human); (2) use of different models of
renal damage (ischaemia/reperfusion, toxic,
immunological); (3) different protocols for bone
marrow transplantation (irradiation doses, quantity of
cells injected); (4) injection of different subgroups of
bone  marrow cells (whole bone marrow,
haematopoietic stem cell, mesenchymal stem cell); (5)
sensitivity and specificity of the detection method for
bone marrow cell origin (in situ hybridization for the Y
chromosome, detection of reporter molecules,

http://www.americanscience.org

215

functional assays), and (6) sensitivity and specificity of
the detection method of the renal cell type
(immunohistochemistry for specific cell types such as
tubular cell, mesangial cells, etc.). Renal failure can be
the result of an initial insult directed against the tubular
epithelium, the glomerular cells or the wvascular
compartment. In the search for remedies for these
varied renal diseases, studies have therefore addressed
potential bone marrow origin for various renal cell
types. It is useful to bear in mind these technical
variations when analysing results reported in the
literature (Roufosse and Cook 2008).

4. Tubular Epithelium

Only a small proportion of tubular cells are
bone marrow-derived, and there is disagreement over
whether mesenchymal stem cells, haematopoietic stem
cells or both are contributing (Humphreys and
Bonventre 2008). The predominant source of tubular
regeneration is through the proliferation of
differentiated tubular cells (Lin et al. 2005). A few
authors have not found any bone marrow cells
engrafted in tubules, and propose that positive
observations of bone marrow-derived tubular cells are
the result of artifact (Bussolati et al. 2009). Firstly,
under certain circumstances, bone marrow engraftment
in tubules can be dramatically increased. Held et al.
made use of a transgenic fumarylacetoacetate (FAH)-/-
mouse, in which discontinuation of the rescue drug
NTBC leads to acute tubular necrosis (Held et al. 2006).
After transplanting bone marrow from wild-type mice
into FAH-/- mice, a few bone marrow-derived tubular
cells are noted. In a subset of the FAH-/- mice, there is,
in addition, loss of heterozygosity (LOH) in the liver
for homogentistic acid hydrogenase, which induces a
more severe, ongoing form of acute tubular necrosis. In
FAH-/- animals with additional hepatic LOH, up to
50% of tubular cells are bone marrow-derived cells.
Engraftment of these wild-type bone marrow-derived
cells leads to morphological resolution of ATN and to
disappearance of the aminoaciduria present in control
mice. In this model, the bone marrow cells have a
strong survival advantage over native tubular cells, due
to their ability to metabolise toxic products. It is
possible that this strong positive selective pressure is
necessary for regeneration to occur through wild-type
bone marrow cells. Interestingly, most of the bone
marrow-derived tubular cells are derived from cell
fusion between bone marrow cells and tubular cells.
This is supported by a study by Li et al. in which fusion
of bone marrow cells to tubular cells account for part of
bone marrow-derived tubular cells after
ischaemia/reperfusion (I/R) injury, but not all. In this
model without selective pressure, the percentage of
bone marrow-derived tubular cells is low (1.8%) (Li et
al. 2007b). Secondly, although there is disagreement
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concerning the underlying mechanism, injection of
bone marrow cells, particularly mesenchymal stem cells,
has repeatedly been shown to improve renal function in
ATN, whether induced by toxins (cisplatin and glycerol)
or I/R (Imai and Iwatani 2007). With the role of actual
engraftment of bone marrow cells as tubular cells
thought to be minimal or absent, mesenchymal stem
cells may exert their beneficial effects through their
antiapoptotic, mitogenic, immunomodulatory and
angiogenic properties, or through the contribution of the
bone marrow cells to endothelial cell replacement in the
peritubular capillaries. It is important to know the
nature of the mediators involved in these properties,
and the mechanisms governing the homing of
mesenchymal stem cells to the kidney (Imai and
Iwatani 2007). Imberti et al. confirmed the importance
of paracrine mechanisms using co-culture of
mesenchymal stem cells with tubular cells in a
Transwell® culture excluding contact between the two
cell types, which led to less cisplatin-induced tubular
cell death. mesenchymal stem cells have been shown to
produce vascular endothelial growth factor, basic
fibroblast growth factor, monocyte chemoattractant
protein-1, hepatocyte growth factor, and insulin-like
growth factor, as well as immunomodulators TGF-3
and PGE, (Imai and lwatani 2007; Imberti et al. 2007).
In a recent study, administration of conditioned medium
from cultured stromal cells provided the same
renoprotective effects as injection of mesenchymal stem
cells, suggesting that systemic administration of the
beneficial mediators may be just as good as
mesenchymal stem cell injection, and safer (Imberti et
al. 2007). It is a concern that there have been a few
observations of adipogenesis associated with fibrosis
and osteogenesis after injection of mesenchymal stem
cells (Imai and Iwatani 2007).

Mesenchymal stem cell homing to the kidney
has been linked to interactions between molecules
upregulated in the injured kidney (SDF-1, hyaluronic
acid and PDGF) and ligands expressed on
mesenchymal stem cells (respectively, CXCR4, CD44
and PDGF-R) (Imai and Iwatani 2007). Similar
beneficial effects on renal function may be induced by
mobilizing bone marrow cells from the patient's own
bone marrow by administration of growth factors (GF)
such as granulocyte  colony-forming  factor,
granulocyte/monocyte colony-forming factor, monocyte
colony-forming factor, and stem cell factor. Possible
explanations for improved renal function include
increased numbers of bone marrow-derived tubular
cells, a decrease in neutrophilic infiltrate, or increased
cell proliferation and decreased apoptosis in kidneys of
GF-treated mice (Roufosse and Cook 2008).

The role the bone marrow-derived tubular cells
play in improved renal function is probably
insignificant, with intrinsic renal cells, either stem cells
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or differentiated, more likely to play the predominant
role in regeneration. Administration of bone marrow
cells or mobilization of bone marrow cells using GF
may be used to protect against renal injury. There may
be a therapeutic role for bone marrow-derived cells
engineered to replace a defective gene, due to a local
strong positive selective pressure. mesenchymal stem
cells have emerged as the most promising candidate for
stem cell therapy, and appear safe, such that phase |
clinical trials of mesenchymal stem cell injection for the
treatment of acute kidney injury are scheduled to begin
shortly  (Imai and Iwatani 2007).

5. Isolation of Kidney Stem Cells

It is difficult to find a definitive marker for
kidney stem cells that makes it difficult to isolate and
define Kidney stem cells. However, kidney stem cells
have been isolated from other organs using 4 different
ways. For the first method, when the DNA of the cells
is labeled with a marker such as bromodeoxyuridine,
the cells retain the label for a long period of time. This
label retention is used to identify and isolate stem cells.
The second method references the side-population (SP)
cells that extrude Hoechst dye through the activity of
multidrug resistance proteins, which are part of the
ATP-binding cassette transporter superfamily. The third
method isolates kidney stem cells referencing specific
cell surface markers that have been used to identify
stem cells in other organs or the metanephric kidney.
The markers used to isolate kidney stem cells include
Oct-4, Nanog, CD24, CD133 and stem cell antigen-1
(Sca-1). The fourth method uses culture conditions that
select stem cells in other organ systems
(http://content.karger.com/produktedb/produkte.asp?typ
=fulltext&file=000117311#SA4).

As Zheng et al described in 2008, any unique
characteristic can be used to isolate a pure population of
stem cell is still lacking. There is few specific
biomarker found for epidermal stem cells alone, but
epidermal stem cells and transient-amplifying cells
share some biomarkers (Bickenbach, 2003) (Zheng, et
al, 2008).

6. Culture of Renal Stem Cell

Shimony et al characterized a new model of
renal, stromal and mesenchymal stem cell (MSC)
matrix deprivation, based on slow rotation cell culture
conditions (ROCK). This model induces anoikis using a
low shear stress, laminar flow. The mechanism of cell
death was determined via FACS (fluorescence-activated
cell sorting) analysis for annexin V and propidium
iodide uptake and via DNA laddering. Their results
showed while only renal epithelial cells progressively
died in STCK, the ROCK model could induce apoptosis
in stromal and transformed cells; cell survival
decreased in ROCK versus STCK to 40%, 52%, 62%
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and 7% in human fibroblast, rat MSC, renal cell
carcinoma (RCC) and human melanoma cell lines,
respectively. Furthermore, while ROCK induced
primarily apoptosis in renal epithelial cells, necrosis
was more prevalent in transformed and cancer cells
[necrosis/apoptosis ratio of 72.7% in CaKi-1 RCC cells
versus 4.3% in MDCK (Madin-Darby canine kidney)
cells. The ROCK-mediated shift to necrosis in RCC
cells was further accentuated 3.4-fold by
H(2)O(2)-mediated oxidative stress while in adherent
HK-2 renal epithelial cells, oxidative stress enhanced
apoptosis. ROCK conditions could also unveil a similar
pattern in the LZ100 rat MSC line where in ROCK 44%
less apoptosis was observed versus STCK and 45% less
apoptosis versus monolayer conditions. Apoptosis in
response to oxidative stress was also attenuated in the
rat MSC line in ROCK, thereby highlighting rat MSC
transformation. They concluded that the ROCK
matrix-deficiency cell culture model may provide a
valuable insight into the mechanism of renal and MSC
cell death in response to matrix deprivation (Shimony et
al., 2008)

(1) Morphology and proliferation: Mixed
population of cells with approximately 70% attached
cells and the other 30% in suspension; need to change
cell culture media every day after 48 hours of initial cell
culture or when the media starts changing color to
slight yellow for pink. Fast growing cell culture.
Change media with Celprogen’s Human Kidney Stem
Cell Complete Growth Media with the appropriate
Human Stem Cell Extracellular matrix and tissue
culture media for differentiation, expansion or
maintaining stem cells in their un-differentiated stage.
Temperature 37°C in 5% CO, humidified incubator.
Positive markers could be CD34, Nestin & CD133.

(2) Subculturing

A. Thaw the vial with gentle agitation in a 370C
water bath or a dry 370C shaking incubator.
For water bath thawing

B. Keep the O-ring out of the water, thawing time
2-3 minutes.

C. Remove the thawed vial and wipe with 70%
ethanol. Then transfer to the tissue culture
hood.

D. Transfer the vial contents to a 15 ml sterile

centrifuge tube, and gently add 7 ml of
pre-warmed Human Kidney Stem Cell
Complete Media to the centrifuge tube. Use an
additional 0.5 ml of Human Kidney Stem Cell
complete media to rinse the vial and transfer
the liquid to the centrifuge tube repeat this
once more to ensure you have all the cells
transferred to the 15 ml centrifuge tube. Add 1
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ml of Human Kidney Stem Complete Media to
bring the final volume to 10 ml in the 15 ml
centrifuge tube.

Centrifuge the cells at 100 g for 5 minutes.
Remove the supernatant and resuspend the cell
pellet in 500 ul of Human Kidney Stem Cell
Complete Growth Media.

Add the 500 ul of cells to T75 flask pre-coated
with Human Kidney Stem Cell Extracellular
matrix with 15 ml of Human Stem Cell
Complete Growth Medium.

Incubate the cells in the T75 flask in a 37°C in
5% CO, humidified incubator. Perform 100%
Media Change every 24 to 48 hours.

Medium renewal every day, and recommended
sub-culturing ratio: 1:3.

(3) Freezing Medium: Human Stem Cell
Complete growth Medium supplemented with 90%
Fetal Bovine Serum with 10% DMSO.

(4) Storage temperature: liquid nitrogen vapor
phase (San Pedro, CA 90731, USA,
http://www.celprogen.com;
http://ftp.celprogen.com/Technical Resources/36100-2
7%20Human%20Kidney%20Stem%20cell%20data%2

Osheet.pdf.

7. Application of Kidney Stem Cells

Stem cell has powerful potential application
purpose in science, medicine and industry, but it is also
potentially danger for its enexpected plasticity. The
evidence for bone marrow-derived stem cell
contributions to renal repair has been challenged. The
research and application for adult renal stem cells are
also debated. The use of embryonic tissue in research
continues to provide valuable insights but will be the
subject of intense societal scrutiny and debate before it
reaches the stage of clinical application. Embryonic
stem cells, with their ability to generate all of kind of
cell in living body, are great chance for our human
civilization but have ethical and political hurdles for
human use (Brodie and Humes, 2005). Stem cell
research has attracted great attention because it could be
used for the regeneration of damaged organs that are
untreatable by conventional medical techniques, and
stem cells (such as endothelial stem cells and neural
stem cells) have been discovered to be practical useful
in clinical applications. The potential for stem cell gene
therapy has increased and many therapeutic
applications have already been done. Chronic renal
failure is a candidate for stem cell gene therapy. In the
application of renal stem cell in medical treatment,
mesenchymal stem cells could be transplanted, and in
contrast, hematopoietic stem cells may be used for gene
delivery for diseases, which need foreign cytokines and
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growth factors, such as glomerulonephritis. The stem
cell gene therapy for chronic renal failure and the
potential of the novel strategy and the major practical
challenges of its clinical application are big targets for
the stem cell researches (Yokoo et al., 2003). Ectopic
expression of the human telomerase reverse
transcriptase gene in human mesenchymal stem cells
can reconstitute their telomerase activity and extend
their replicative life-spans (L1, et al, 2007).

8. Discussion

Kidney is derived from the ureteric bud and
metanephrogenic  mesenchyme, and these two
progenitor cells differentiate into more than 26 different
cell types in adult kidney. The ureteric bud contains the
precursor of the epithelial cells of the collecting duct
and the renal mesenchyme contains precursors of all the
epithelia of the rest of the nephron, endothelial cell
precursors and stroma cells, but the relatedness among
these cells is wunclear. A single metanephric
mesenchymal cell can generate all the epithelial cells of
the nephron, indicating that the kidney contains
epithelial stem cells. These stem cells also are present
in the adult kidney. Embryonic renal epithelial stem
cells can generate other cell types (Al-Awgati and
Oliver, 2002). The key important target in kidney stem
cell research and application is to get kidney stem cells
from other types of the cells, and it is also important to
find the better way to change kidney stem cells to other
cell types. As the nature will, to live eternally is an
extracting dream in all the human history. Stem cell is
the original of life and all cells come from stem cells.
Germline stem cell (GSC) is the cell in the earliest of
the cell stage. It is possible to inject the GSC into adult
human body to get the eternal life. This article is to try
to describe the stem cell and to explore the possibility
of the eternal life with the stem cell strategy The
production of functional male gametes is dependent on
the continuous activity of germline stem cells. The
availability of a transplantation assay system to
unequivocally identify male germline stem cells has
allowed their in vitro culture, cryopreservation, and
genetic modification. Moreover, the system has enabled
the identification of conditions and factors involved in
stem cell  self-renewal, the foundation of
spermatogenesis, and the production of spermatozoa.
The increased knowledge about these cells is also of
great potential practical value, for example, for the
possible cryopreservation of stem cells from boys
undergoing treatment for cancer to safeguard their germ
line (Ma, et al, 2007).

It is possible to introduce stem cells into a
damaged adult kidney to aid in repairand regeneration.
Transdifferentiation offers the possibility of avoiding
complications from immunogenicity of introduced cells
by obtaining the more easily accessible stem cells of
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another tissue type from the patient undergoing
treatment, expanding them in vitro, and reintroducing
them as a therapeutic agent. Adult stem cells may
possess a considerable degree of plasticity in the
differentiation. However, the differentiation of stem
cells is normally unresolved. Pluripotent cells can be
derived from fibroblasts by ectopic expression of
defined transcription factors. A fundamental unresolved
question is whether terminally differentiated cells can
be reprogrammed to pluripotency (Hanna et al., 2008).

Developing nephrons are derived from renal
stem cells and transplantation of fetal kidneys may be
thought of as a therapeutic stem cell application. There
are two bioengineering programs with the aim of
producing a device providing full renal replacement
therapy in the short to medium term. Both employ
biomaterial scaffold structures to overcome the as yet
insurmountable difficulties inherent in marshalling cells
into organized three-dimensional structures capable of
coordinated filtration, resorption / meta- / catabolism /
secretion, collection, and disposal of waste. Initial
experiments involved adult rabbit renal cortex
harvested and fractionated into glomeruli, distal, and
proximal tubules, expanded separately in vitro, and
seeded onto biodegradable polyglycolic acid sheets for
subcutaneous implantation into syngenic hosts. The
potential impact of advances in stem cell technology on
all the prospective cell-based therapeutic approaches for
the treatment of renal failure discussed above is
enormous. The kidney has a dramatic capacity to
regenerate after injury. Whether stem cells are the
source of the epithelial progenitors replacing injured
and dying tubular epithelium is an area of intense
investigation. Many surviving renal epithelial cells after
injury become dedifferentiated and take on
mesenchymal characteristics. These cells proliferate to
restore the integrity of the denuded basement
membrane, and subsequently redifferentiate into a
functional epithelium. An alternative possibility is that a
minority of surviving intratubular cells possess stem
cell properties and selectively proliferate after damage
to neighboring cells. Some evidence exists to support
this hypothesis but it has not yet been rigorously
evaluated (Vigneau et al., 2007).

In recent years, it has been shown that
functional stem cells exist in the adult bone marrow,
and they can contribute to renal remodelling or
reconstitution of injured renal glomeruli, especially
mesangial cells, and hMSC found in renal glomeruli
differentiated into mesangial cells in vivo after
glomerular injury occurred (Wong et al., 2008). In mice
with  cisplatin-induced  acute  kidney injury,
administration of bone marrow-derived mesenchymal
stem cells (MSC) restores renal tubular structure and
improves renal function (Imberti et al., 2007).

editor@ameicanscience.org




Marsland Press

Journal of American Science 2009;5(5):213-222

Correspondence to:

Hongbao Ma

Bioengineering Department
Zhengzhou University
Zhengzhou, Henan 450001, China
Email: mahongbao@zzu.edu.cn
Telephone: 01186-137-331-67674

References

1.

10.

11.

12.

13.

Abdallah BM, Kassem M. The wuse of
mesenchymal (skeletal) stem cells for treatment of
degenerative diseases: current status and future
perspectives. J Cell Physiol 2009;218(1):9-12.
Al-Awagati Q, Oliver JA. 2002. Stem cells in the
kidney. Kidney Int 61(2):387-395.

Alexandre CS, Volpini RA, Shimizu MH, Sanches
TR, Semedo P, VL DIJ, Saraiva NO, Seguro AC,
Andrade L. Lineage-Negative Bone Marrow Cells
Protect against Chronic Renal Failure. Stem Cells
2008.

Alison MR, Choong C, Lim S. Application of liver
stem cells for cell therapy. Semin Cell Dev Biol
2007;18(6):819-826.

Alison MR. Stem cells in pathobiology and
regenerative medicine. J Pathol
2009;217(2):141-143.

Arnold WP. 2000. Improvement in hemodialysis
vascular access outcomes in a dedicated access
center. Semin Dial 13(6):359-363.

Berzoff J, Swantkowski J, Cohen LM. 2008.
Developing a renal supportive care team from the
voices of patients, families, and palliative care
staff. Palliat Support Care 6(2):133-139.
Bickenbach JK. 2003. The continuing saga of
epidermal stem cells. J Invest Dermatol
121(5):xv-xvi.

Bohle A. Strutz F MG. On the pathogenesis of
chronic renal failure in primary glomerulopathies:
a vicw from the interstitium.

Brodie JC, Humes HD. 2005. Stem cell
approaches for the treatment of renal failure.
Pharmacol Rev 57(3):299-313.

Broekema M, Harmsen MC, van Luyn MJ, Koerts
JA, Petersen AH, van Kooten TG, van Goor H,
Navis G, Popa ER. Bone marrow-derived
myofibroblasts contribute to the renal interstitial
myofibroblast population and produce procollagen
| after ischemia/reperfusion in rats. J Am Soc
Nephrol 2007;18(1):165-175.

Bruce SJ, Rea RW, Steptoe AL, Busslinger M,
Bertram JF, Perkins AC. In vitro differentiation of
murine embryonic stem cells toward a renal
lineage. Differentiation 2007;75(5):337-349.
Bussolati B, Bruno S, Grange C, Buttiglieri S,
Deregibus MC, Cantino D, Camussi G. Isolation
of renal progenitor cells from adult human kidney.

http://www.americanscience.org

219

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Am J Pathol 2005;166(2):545-555.
Bussolati B, Hauser PV, Carvalhosa R, Camussi G.
Contribution of stem cells to kidney repair. Curr
Stem Cell Res Ther 2009;4(1):2-8.
Chen J, Park HC, Addabbo F, Ni J, Pelger E, Li H,

Plotkin M, Goligorsky MS. Kidney-derived
mesenchymal  stem  cells  contribute to
vasculogenesis, angiogenesis and endothelial

repair. Kidney Int 2008;74(7):879-889.

Chou SY, Cai H, Pai D, Mansour M, Huynh P.
Regional expression of cyclooxygenase isoforms
in the rat kidney in complete unilateral ureteral
obstruction. J Urol 2003;170(4 Pt 1):1403-1408.
Cornelissen B, McLarty K, Kersemans V, Reilly
RM. The level of insulin growth factor-1 receptor
expression is directly correlated with the tumor
uptake of (111)In-IGF-1(E3R) in vivo and the
clonogenic survival of breast cancer cells exposed
in vitro to trastuzumab (Herceptin). Nucl Med
Biol 2008;35(6):645-653.

Dekel B, Burakova T, Arditti FD, Reich-Zeliger S,
Milstein O, Aviel-Ronen S, Rechavi G, Friedman
N, Kaminski N, Passwell JH, Reisner Y. Human
and porcine early kidney precursors as a hew
source  for  transplantation. Nat  Med
2003;9(1):53-60.

Dekel B, Zangi L, Shezen E, Reich-Zeliger S,
Eventov-Friedman S, Katchman H, Jacob-Hirsch J,
Amariglio N, Rechavi G, Margalit R, Reisner Y.
Isolation and characterization of nontubular
sca-1+lin- multipotent stem/progenitor cells from
adult mouse kidney. J Am Soc Nephrol
2006;17(12):3300-3314.

Friedenstein AJ, Chailakhyan RK, Gerasimov UV.
Bone marrow osteogenic stem cells: in vitro
cultivation and transplantation in diffusion
chambers. Cell Tissue Kinet 1987;20(3):263-272.
Gupta S, Verfaillie C, Chmielewski D, Kren S,
Eidman K, Connaire J, Heremans Y, Lund T,
Blackstad M, Jiang Y, Luttun A, Rosenberg ME.
Isolation and characterization of kidney-derived
stem cells. J Am Soc Nephrol
2006;17(11):3028-3040.

Hanna J, Markoulaki S, Schorderet P, Carey BW,
Beard C, Wernig M, Creyghton MP, Steine EJ,
Cassady JP, Foreman R, Lengner CJ, Dausman JA,
Jaenisch R. 2008. Direct reprogramming of
terminally differentiated mature B lymphocytes to
pluripotency. Cell 133(2):250-264.

Held PK, Al-Dhalimy M, Willenbring H, Akkari Y,
Jiang S, Torimaru Y, Olson S, Fleming WH,
Finegold M, Grompe M. In vivo genetic selection
of renal proximal tubules. Mol  Ther
2006;13(1):49-58.

Hishikawa K, Fujita T. [Kidney regeneration
update]. Nippon Rinsho 2008;66(5):941-947.

editor@ameicanscience.org



mailto:mahongbao@zzu.edu.cn

Renal Stem Cell

Ma, et al

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Hopkins C, Li J, Rae F, Little MH. Stem cell
options for kidney disease. J  Pathol
2009;217(2):265-281.

Humphreys BD, Bonventre JV. Mesenchymal
stem cells in acute kidney injury. Annu Rev Med
2008;59:311-325.

Imai E, Iwatani H. The continuing story of renal
repair with stem cells. J Am Soc Nephrol
2007;18(9):2423-2424.

Imberti B, Morigi M, Tomasoni S, Rota C, Corna
D, Longaretti L, Rottoli D, Valsecchi F, Benigni A,
Wang J, Abbate M, Zoja C, Remuzzi G. 2007.
Insulin-like growth factor-1 sustains stem cell
mediated renal repair. J Am Soc Nephrol
18(11):2921-2928.

Imberti B, Morigi M, Tomasoni S, Rota C, Corna
D, Longaretti L, Rottoli D, Valsecchi F, Benigni A,
Wang J, Abbate M, Zoja C, Remuzzi G
Insulin-like growth factor-1 sustains stem cell
mediated renal repair. J Am Soc Nephrol
2007;18(11):2921-2928.

Jiang T, Liebman SE, Lucia MS, Li J, Levi M.
Role of altered renal lipid metabolism and the
sterol regulatory element binding proteins in the
pathogenesis of age-related renal disease. Kidney
Int 2005a;68(6):2608-2620.

Jiang T, Wang Z, Proctor G, Moskowitz S,
Liebman SE, Rogers T, Lucia MS, Li J, Levi M.
Diet-induced obesity in C57BL/6J mice causes
increased  renal lipid accumulation and
glomerulosclerosis via a sterol regulatory
element-binding protein-1c-dependent pathway. J
Biol Chem 2005b;280(37):32317-32325.

Jiang Y, Jahagirdar BN, Reinhardt RL, Schwartz
RE, Keene CD, Ortiz-Gonzalez XR, Reyes M,
Lenvik T, Lund T, Blackstad M, Du J, Aldrich S,
Lisberg A, Low WC, Largaespada DA, Verfaillie
CM. Pluripotency of mesenchymal stem cells
derived from adult marrow. Nature
2002;418(6893):41-49.

Kim D, Dressler GR. Nephrogenic factors
promote differentiation of mouse embryonic stem
cells into renal epithelia. J Am Soc Nephrol
2005;16(12):3527-3534.

Kobayashi T, Tanaka H, Kuwana H, Inoshita S,
Teraoka H, Sasaki S, Terada Y. Wnt4-transformed
mouse embryonic stem cells differentiate into

renal tubular cells. Biochem Biophys Res
Commun 2005;336(2):585-595.
Kunter U, Rong S, Dijuric Z, Boor P,

Muller-Newen G, Yu D, Floege J. Transplanted
mesenchymal stem cells accelerate glomerular
healing in experimental glomerulonephritis. J Am
Soc Nephrol 2006;17(8):2202-2212.

Kurdi M, Booz GW. G-CSF-based stem cell
therapy for the heart--unresolved issues part B:

http://www.americanscience.org

220

37.

38.

39.

40.

41,

42,

43.

44,

45.

46.

47.

48.

49.

50.

Stem cells, engraftment, transdifferentiation, and
bioengineering. Congest Heart Fail
2007;13(6):347-351.

Lazzeri E, Crescioli C, Ronconi E, Mazzinghi B,
Sagrinati C, Netti GS, Angelotti ML, Parente E,
Ballerini L, Cosmi L, Maggi L, Gesualdo L,
Rotondi M, Annunziato F, Maggi E, Lasagni L,
Serio M, Romagnani S, Vannelli GB, Romagnani
P. Regenerative potential of embryonic renal
multipotent progenitors in acute renal failure. J
Am Soc Nephrol 2007;18(12):3128-3138.

Li J, Deane JA, Campanale NV, Bertram JF,
Ricardo SD. The contribution of bone
marrow-derived cells to the development of renal
interstitial fibrosis. Stem Cells
2007a;25(3):697-706.

Li K, Zhu H, Han X, Xing Y. Ectopic hTERT gene
expression in human bone marrow mesenchymal
stem cell. Life Science Journal. 2007;4(4):21-24.
Li L, Truong P, Igarashi P, Lin F. Renal and bone
marrow cells fuse after renal ischemic injury. J Am
Soc Nephrol 2007b;18(12):3067-3077.

Lin CS, Lim SK, D'Agati V, Costantini F. 1996.
Differential effects of an erythropoietin receptor
gene disruption on primitive and definitive
erythropoiesis. Genes Dev 10(2):154-164.

Lin F, Moran A, Igarashi P. Intrarenal cells, not
bone marrow-derived cells, are the major source
for regeneration in postischemic kidney. J Clin
Invest 2005;115(7):1756-1764.

Little MH. Regrow or repair: potential
regenerative therapies for the kidney. J Am Soc
Nephrol 2006;17(9):2390-2401.

Ma AC, Chung MI, Liang R, Leung AY. The role
of survivin2 in primitive hematopoiesis during
zebrafish development. Leukemia 2009.

Ma H, Chen G Stem cell. The Journal of
American Science 2005;1(2):90-92.

Ma H, Cherng S. Eternal Life and Stem Cell.
Nature and Science. 2007;5(1):81-96.

Ma H, Stephen Lee S, Nair S, Chou SY. Reduction
of renal interstitial fibrosis and protection of renal
function by pentoxifylline in chronic partial
ureteral obstruction. FASEB Journal.
2008;22:917.4.

Mai ML, Ahsan N, Gonwa T. 2006. The long-term
management  of  pancreas transplantation.
Transplantation 82(8): 991- 1003.

Mehta RL, Kellum JA, Shah SV, Molitoris BA,
Ronco C, Warnock DG, Levin A. 2007. Acute
Kidney Injury Network: report of an initiative to
improve outcomes in acute kidney injury. Crit
Care 11(2):R31.

Miyajima A, Chen J, Lawrence C, Ledbetter S,
Soslow RA, Stern J, Jha S, Pigato J, Lemer ML,
Poppas DP, Vaughan ED, Felsen D. Antibody to

editor@ameicanscience.org




Marsland Press

Journal of American Science 2009;5(5):213-222

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

transforming growth factor-beta ameliorates
tubular apoptosis in unilateral ureteral obstruction.
Kidney Int 2000;58(6):2301-2313.

Nair S, Maini A, Ma H, Chou SY. Pentoxifylline

Ameliorates  Tubulointerstitial  Fibrosis and
Protects Renal Function in Chronic Partial
Ureteral Obstruction. J Am Soc Nephrol

2007;18:400A-401A.

Nichols J, Ying QL. Derivation and propagation of
embryonic stem cells in serum- and feeder-free
culture. Methods Mol Biol 2006;329:91-98.
Oliver JA. 2004. Adult renal stem cells and renal
repair. Curr Opin Nephrol Hypertens 13(1):17-22.
Perin L, Giuliani S, Sedrakyan S, S DAS, De
Filippo RE. Stem cell and regenerative science
applications in the development of bioengineering
of renal tissue. Pediatr Res 2008;63(5):467-471.
Rad FH, Ulusakarya A, Gad S, Sibony M, Juin F,
Richard S, Machover D, Uzan G. Novel somatic
mutations of the VHL gene in an
erythropoietin-producing renal carcinoma
associated with secondary polycythemia and
elevated circulating endothelial progenitor cells.
Am J Hematol 2008;83(2):155-158.

Raval M, Ma H, Chung E, Suwangomolkul A,
Chou SY. Hemodialysis Decreases Expression of
the Platelet P2Y12 Adenosine Diphosphate
Receptor. 28th Annual Dialysis Conference.
Hemodialysis International. 2008;12(1):139.
Remuzzi G, Zoja C, Gagliardini E, Corna D,
Abbate M, Benigni A. Combining an
antiproteinuric approach with mycophenolate
mofetil fully suppresses progressive nephropathy
of experimental animals. J Am Soc Nephrol
1999;10(7):1542-1549.

Ross EA, Alza RE, Jadeja NN. 2006. Hospital
resource utilization that occurs with, rather than
because of, kidney failure in patients with
end-stage renal disease. Clin J Am Soc Nephrol
1(6):1234-1240.

Roufosse C, Cook HT. Stem cells and renal
regeneration. Nephron Exp Nephrol
2008;109(2):39-45.

Sagrinati C, Netti GS, Mazzinghi B, Lazzeri E,
Liotta F, Frosali F, Ronconi E, Meini C, Gacci M,
Squecco R, Carini M, Gesualdo L, Francini F,
Maggi E, Annunziato F, Lasagni L, Serio M,
Romagnani S, Romagnani P. Isolation and
characterization of multipotent progenitor cells
from the Bowman's capsule of adult human

Kidneys. J Am Soc Nephrol
2006;17(9):2443-2456.

Saito S, Ugai H, Sawai K, Yamamoto Y,
Minamihashi A, Kurosaka K, Kobayashi Y,

Murata T, Obata Y, Yokoyama K. Isolation of
embryonic stem-like cells from equine blastocysts

http://www.americanscience.org

221

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

and their differentiation in vitro. FEBS Lett
2002;531(3):389-396.

Schuldiner M, Yanuka O, ltskovitz-Eldor J,
Melton DA, Benvenisty N. Effects of eight growth
factors on the differentiation of cells derived from
human embryonic stem cells. Proc Natl Acad Sci
U S A2000;97(21):11307-11312.

Shimizukawa R, Sakata A, Hirose M, Takahashi A,
Iseki H, Liu Y, Kunita S, Sugiyama F, Yagami K.
Establishment of a new embryonic stem cell line
derived from C57BL/6 mouse expressing EGFP
ubiquitously. Genesis 2005;42(1):47-52.

Shimony N, Avrahami I, Gorodetsky R, Elkin G,
Tzukert K, Zangi L, Levdansky L, Krasny L,
Haviv YS. 2008. A 3D rotary renal and
mesenchymal stem cell culture model unveils cell
death mechanisms induced by matrix deficiency
and low shear stress. Nephrol Dial Transplant
23(6):2071-2080.

Sirmon  MD. 1990. Renal disease in
noninsulin-dependent diabetes mellitus. Am J Med
Sci 300(6):388-395.

Snykers S, De Kock J, Rogiers V, Vanhaecke T. In
vitro differentiation of embryonic and adult stem
cells into hepatocytes: state of the art. Stem Cells
2008.

Steenhard BM, Isom KS, Cazcarro P, Dunmore JH,
Godwin AR, St John PL, Abrahamson DR.
Integration of embryonic stem cells in
metanephric kidney organ culture. J Am Soc
Nephrol 2005;16(6):1623-1631.

Sugimoto H, Mundel TM, Sund M, Xie L,
Cosgrove D, Kalluri R. Bone-marrow-derived
stem cells repair basement membrane collagen
defects and reverse genetic kidney disease. Proc
Natl Acad Sci U S A 2006;103(19):7321-7326.
Sun L, Halaihel N, Zhang W, Rogers T, Levi M.
Role of sterol regulatory element-binding protein
1 in regulation of renal lipid metabolism and
glomerulosclerosis in diabetes mellitus. J Biol
Chem 2002;277(21):18919-18927.

Suzuki A, Iwatani H, Ito T, Imai E, Okabe M,
Nakamura H, lIsaka Y, Yamato M, Hori M.
Platelet-derived growth factor plays a critical role
to convert bone marrow cells into glomerular
mesangial-like cells. Kidney Int 2004;65(1):15-24.
Taupin P. 2006. The therapeutic potential of adult
neural stem cells. Curr Opin Mol Ther
8(3):225-231.

Vigneau C, Polgar K, Striker G, Elliott J, Hyink D,
Weber O, Fehling HJ, Keller G, Burrow C, Wilson
P. 2007. Mouse embryonic stem cell-derived
embryoid bodies generate progenitors that
integrate long term into renal proximal tubules in
vivo. J Am Soc Nephrol 18(6):1709-1720.
Vigneau C, Polgar K, Striker G, Elliott J, Hyink D,

editor@ameicanscience.org




Renal Stem Cell

Ma, et al

74.

75.

76.

77.

78.

Weber O, Fehling HJ, Keller G, Burrow C, Wilson
P. Mouse embryonic stem cell-derived embryoid
bodies generate progenitors that integrate long
term into renal proximal tubules in vivo. J Am Soc
Nephrol 2007;18(6):1709-1720.

\Vogetseder A, Picard N, Gaspert A, Walch M,
Kaissling B, Le Hir M. Proliferation capacity of
the renal proximal tubule involves the bulk of
differentiated epithelial cells. Am J Physiol Cell
Physiol 2008;294(1):C22-28.

Winkler J. 2003. Adult neural stem cells:
therapeutic potential in neurology. Med Kilin
(Munich) 98 Suppl 2:27-31.

Winkler ME, Mauritz C, Groos S, Kispert A,
Menke S, Hoffmann A, Gruh I, Schwanke K,
Haverich A, Martin U. Serum-free differentiation
of murine embryonic stem cells into alveolar type
Il epithelial cells. Cloning Stem Cells
2008;10(1):49-64.

Witzgall R. Are renal proximal tubular epithelial
cells constantly prepared for an emergency? Focus
on "the proliferation capacity of the renal proximal
tubule involves the bulk of differentiated epithelial
cells'.  Am J  Physiol Cell Physiol
2008;294(1):C1-3.

Wong CY, Cheong SK, Mok PL, Leong CF. 2008.
Differentiation of human mesenchymal stem cells
into mesangial cells in post-glomerular injury

7/1/2009

http://www.americanscience.org

222

79.

80.

81.

82.

83.

84.

murine model. Pathology 40(1):52-57.

Wong CY, Cheong SK, Mok PL, Leong CF.
Differentiation of human mesenchymal stem cells
into mesangial cells in post-glomerular injury
murine model. Pathology 2008;40(1):52-57.

Wu DP, He DL, Li X, Liu ZH. Differentiations of
transplanted mouse spermatogonial stem cells in
the adult mouse renal parenchyma in vivo. Acta
Pharmacol Sin 2008;29(9):1029-1034.

Xian CJ, Foster BK. Repair of injured articular
and growth plate cartilage using mesenchymal
stem cells and chondrogenic gene therapy. Curr
Stem Cell Res Ther 2006;1(2):213-229.
Yamamoto M, Cui L, Johkura K, Asanuma K,
Okouchi Y, Ogiwara N, Sasaki K. Branching ducts
similar to mesonephric ducts or ureteric buds in
teratomas originating from mouse embryonic stem
cells.  Am J Physiol Renal Physiol
2006;290(1):F52-60.

Yokoo T, Sakurai K, Ohashi T, Kawamura T. 2003.
Stem cell gene therapy for chronic renal failure.
Curr Gene Ther 3(5):387-394.

Zheng N, Wang L, Wu J, Li H, Wang Y, Zhang Q.
Rapid enrichment of stem cell population by filter
screening and biomarker-immunoassay from
human epidermis. Life Science Journal. 2008;
5(4):33-37.

editor@ameicanscience.org




