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Abstract: Injury to a target organ can be sensed by bone marrow stem cells that migrate to the site of damage, un-
dergo differentiation, and promote structural and functional repair. This remarkable stem cell capacity prompted an
investigation of the potential of mesenchymal and hematopoietic stem cells to cure acute renal failure. On the basis
of the recent demonstration that hematopoietic stem cells (HSCs) can differentiate into renal cells, the current study
tested the hypothesis that HSCs can contribute to the regeneration of renal tubular epithelial cells after renal injury.
HSCs from human umbilical cord blood which isolated and purified by magnetic activated cell sorting were trans-
planted intraperitoneal into acute renal failure (ARF) rats which was established by a single dose of cisplatin 5 mg/
kg for five days. The Study was carried on 48 male white albino rats, of average weight 120-150 gm. The animals
were divided into 4 groups, Group one Served as control and received normal saline throughout the experiments.
Group two (model control) received a single dose of cisplatin. Group three and four male-albino rats with induced
ARF received interapritoneally (HSCs) at two week and four week respectively. Injection of a single dose of cisplatin
resulted in a significant increase in serum creatinine and urea levels, histo-pathological examination of kidney tis-
sue from cisplatin showed severe nephrotoxicity in which 50-75% of glomeruli and renal tubules exhibited massive
degenerative change. Four weeks after HSC transplantation, Serum creatinine and urea nitrogen decreased 3.5
times and 2.1 times as well as HGF, IGF-1, VEGF and P53 using quantitative real-time PCR increased 4.3 times, 3.2,
2.4 and 4.2 times compared to ARF groups, respectively. The proliferation of cell nuclear antigen (PCNA)-positive
cells (500.083+35.167) was higher than that in the cisplatin groups (568.612+15.743). In addition, the transplanted
umbilical cord hematopoietic stem cells UC-HSCs could reside in local injury sites, leading to the relief of hyperemia
and inflammation, but no obvious transdifferentiation into renal-like cells. The results lay the foundation for further
study on the potential application of UC-HSCs in human disease and Because of their availability; HSC may be useful
for cell replacement therapy of acute renal failure.
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Introduction pies are at hand to prevent or treat AKI specifi-
cally. In the last 10 years, the mounting knowl-
edge of the plasticity of adult stem cells raised
the hope for a new and potent therapeutic
approach in this respect. Early investigations
using chimeric mice have demonstrated that
bone marrow-derived stem cells (BMSCs) home
to the injured kidney and become integrated
into the tubular epithelium, the predominant

Acute kidney injury (AKI) is found in 5% of all
hospitalized patients and in up to 50% of
patients with sepsis [1, 2]. With a mortality of
up to 60% in patients on the intensive care
unit, AKI thus provides one of the big challeng-
es in modern acute care nephrology. Fur-
thermore, it is becoming increasingly evident

that not only renal failure necessitating replace-
ment therapy is associated with poor outcome
but that even a small rise in serum creatinine
confers a marked mid- or long-term risk of
death or for the development of end-stage
renal disease [3]. To date, no effective thera-

site of injury in AKI [4].

The majority of these studies, focused on the
use of bone marrow-derived multi-potent stro-
mal cells, also referred to as mesenchymal
stem cells (MSCs). Although a beneficial impact
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Table 1. Sequence of the Primers Used for Real-Time
PCR

Primer sequence

1- HGF Forward: 5’-TCACACAGAATCAGGCAAGACT-3’;
Reverse: 3'-AAGGGGTGTCAGGGTCAA-5'.

2- INF-1 Forward : 5~ AGGCTATGGCTCCAGCATTC-3’;
Reverse: 3'-AGTCTTGGGCATGTCAGTGTC-5’.

4- VEGF Forward: 5’~ACCCCGACGAGATAGAGTACAT-3’;

Reverse: 3’-CTTCTAATGCCCCTCCTTGT-5'.

logical and clinical presentations of ARF
[20-22]. Recovery from ARF requires the
replacement or regeneration of lost tubu-
lar epithelial cells. This process is accom-
panied by complex changes in gene
expression of growth modulatory mole-
cules, such as EGF, IGF-1, and HGF [23,
24]. It has been generally believed that
some of the surviving renal tubular cells

5- P53 Forward: 5’-GCCTGAAATCTACCAGATCATGTTG-3’;
Reverse: 3’-TTCCACAAGCTCCACGAATCTT-5".

6- Beta actins Forward: 5’-TGTTGTCCCTGTATGCCTCT-3’;
Reverse: 3'-TAATGTCACGCACGATTTCC-5'.

dedifferentiate and reenter the cell cycle
to produce epithelial cells that rebuild the
structure and function of the renal tubules.

Cisplatin  (cis-diamminedichloroplatinum

of MSCs on kidney function in various AKI ani-
mal models has been clearly shown by various
groups, this is apparently not caused by direct
tubular incorporation but rather paracrine or
endocrine effects [5-7]. Much less is known
about the effect of hematopoietic stem cells
(HSCs), the other major fraction of the BMSC, in
AKI.

On the other hand, therapeutic application of
HSCs certainly poses a big challenge to clinical
use. However, since early in ontogenetic devel-
opment haematopoiesis arises in the aorta-
gonad mesonephros region, which is also the
origin of the later kidney [8], it is the HSCs that
were originally considered especially useful for
kidney repair. In addition, HSCs are known to 3

within the blood and immune system, as well as
cells of non-hematopoietic tissues, such as
hepatocytes, cardiac myocytes, gastrointesti-
nal epithelial cells, and vascular endothelial
cells [14-18]. The discovery that adult HSC can
cross lineage boundaries to become cells of
other tissues has challenged the traditional
view that somatic stem cells are lineage-
restricted and organ-specific [19]. One
Possibility is that HSC retain developmental
plasticity and can be reprogrammed to express
genes that are required to differentiate into the
cells of the organs into which they are intro-
duced. Another distinguishing feature of HSC is
their ready availability from bone marrow, cord
blood, and mobilized peripheral blood. This
property makes HSC potentially useful for cell
replacement therapy in regenerative medicine.

The S3 segments of the proximal tubules locat-
ed in the outer stripe of the outer medulla are
particularly susceptible to ischemic injury and
are primarily responsible for the pathophysio-
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(1), CDDP) is an antineoplastic drug used

in the treatment of many solid-organ can-
cers, including those of the head, neck, lung,
testis, ovary, and breast [25-28].

There are several mechanisms that contribute
to renal dysfunction following exposure to cis-
platin that include direct tubular toxicity in the
form of apoptosis and necrosis that is mediat-
ed through inflammation, reactive oxygen spe-
cies (ROS), calcium overload, phospholipase
activation, depletion of reduced glutathione,
inhibition of mitochondrial respiratory chain
function, induction of apoptosis, opening of
mitochondrial permeability transition pore
(MPTP) and ATP depletion [29-32].

In these studies we show that mobilized human
umbilical cord blood CD34* stem/progenitor
cells are recruited to the injured kidney and pro-
mote survival, vascular regeneration and func-
tional recovery.

Materials and methods
Chemical agents

Cisplatin (cis-diamminedichloroplatinum (ll), CD-
DP)was obtained from sigma-Aldrich (Germany).
Provided as a powder dissolved in saline (1 mg/
ml). Cisplatin (Trade name-cisplatin, Brand
name-Platin, is a chemotherapeutic drug. It
was a first member of class, platinum contain-
ing anticancer drug, which now also include
carboplatin and oxaliplatin. The platinum com-
plex react in vivo, binding to and causing cross
linking of DNA, which ultimately triggers apop-
tosis (Programmed cell death).

Preparation of the animal model

Experimental animals: The study was carried
on 48 male white albino rats, of an average
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Figure 1. FACS analysis of cells revealed 54.5% positive for CD34.

Figure 2. PKH26 staining of cells in humanized rat
kidney.

weight 150-200 gm. Rats were bred and main-
tained in an air-conditioned animal house with
specific pathogen free conditions, and were
subjected to a 12:12-h daylight/darkness and
allowed unlimited access to chow and water.
The animals were housed in plastic cages. Each
experimental group consisted of 12 animals for
each treatment and control. All the ethical pro-
tocols for animal treatment were followed and
supervised by the animal facilities, Faculty of
Women’s, Ain Shams University. They were
divided into 4 groups as follow:

Group 1: Received normal saline (5 mg/kg), in-
jected i. p and served as control group (n=12).

Group 2: Received a single dose of cisplatin (5
mg/kg) and served as a model group (n=12)
(the animals will be injected with cisplatin to
induce acute renal failure. At the fifth day, all
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animals were anaesthetized with ether; blood
samples were taken out from retro-orbital sinus
of rat.

Group 3: 12 male albino rats with induced
acute renal failure will received an intraperotin-
eal injection of umbilical cord hematopoietic
stem cells, in a dose of 3x (106) 24 hours after
the induction of acute renal failure. The study
group (renal injury with injection of hematopoi-
etic stem cells) will be sacrificed after 2 weeks.

Group 4: It is consisted of 12 albino male rats
with induced acute renal failure received an
intraperotineal injection of umbilical cord he-
matopoietic stem cells, in a dose of 3x (106) 24
hours after the induction of acute renal failure.
At the planned time 4 weeks after HSCs injec-
tion rats were scarified.

Blood samples were collected from the retro-
orbital vein. Sera were separated and used for
measurement of Creatinine and urea.

The kidney tissues were immediately removed
and were examined for:

Quantitative analysis of hepatocyte growth fac-
tor gene (HGF), insulin-like growth factor gene
(IGF-1), vascular endothelial growth factor gene
(VEGF) for neovascularization and P53 gene
expression by quantitative real time qPCR.

Histopathological examination of renal tissue
by haematoxylin and eosin.

Am J Stem Cells 2014;3(2):83-96
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Table 2. Mean of Serum Urea, Creatinine, K and Na level in Different Studied Groups

Groups Mean+SD (mg/dl) urea MeanSD (mg/dl) creatinine Mean+SD (mg/dl) K Mean+SD (mg/dl) Na
1- Control 34.85+8.19 0.10+0.05 4.86+0.30 149.50+4.95

2- Acute renal failure (ARF) 84.43+10.02* 1.18+0.41* 2.7340.49* 127.38+2.61*

3- ARF+CD34 (for 2 w) 61.78+11.33* # 0.53+0.31# 3.26+0.51* 133.98+3.75* #

4- ARF+CD34 (for 4 w) 55.03+11.58* # 0.40+0.20# 4.02+0.32* #,$ 137.30+3.82* #

Values are represented as mean+SD. *: statistically significant compared to corresponding value in control group (P < 0.05). #: statistically significant compared to cor-
responding value in positive control group (P < 0.05). $: statistically significant compared to corresponding value in CD34 2 week group (P < 0.05).

Table 3. Mean of Relative Gene Expression of HGF, IGF-1, VEGF and P53 in Kidney Tissue in all Stud-

ied Groups

Groups Mean+SD HGF MeanzSD IGF-1 Mean+SD VEGF Mean+SD P53
1- Control 11.75+1.37 0.87+0.12 3.87+0.91 1.58+0.36
2- Acute renal failure (ARF) 2.20+1.15%* 0.20+0.09* 1.09+0.18* 0.26+0.23*
3- ARF+CD34 (for 2 w) 7.49+1.33% # 0.31+0.04* 2.18+0.47* # 0.72+0.12* #
4- ARF+CD34 (for 4 w) 8.27+1.28% # 0.59+0.11* #,$ 2.46+0.50%,# 1.09+0.14* #

*: statistically significant compared to corresponding value in control group (1) (P < 0.05). #: statistically significant compared to
corresponding value in positive control group (ARF) (Il) (P < 0.05). $: statistically significant compared to corresponding value in

CD34 2 week group (Ill) (P < 0.05).

Immunohistochemistry also detected using
PCNA antibody.

Detection of the stem cells homing in kidney
tissue after its labeling with PKH26 dye by fluo-
rescent microscope to detect its red fluo-
rescence.

Preparation, isolation and identification of
HSCs in culture

a- Cell Source: Human Umbilical Cord Blood
(UCB) was used for Separation of mononuclear
cells (MNCs) after obtaining an informed con-
sent and research ethics committee approval.

b- Cell Isolation:
Preparation of cord blood cells:

e Anticoagulated cord blood was diluted 1:4
with PBS containing 2 mM EDTA (Gibco-
Invitrogen, Grand Island, NY) and 35 ml of the
diluted sample was carefully layered on 15 ml
Ficoll-Paque (Gibco-Invitrogen, Grand Island,
NY), then they were centrifuged for 35 min. at
400xg rpm.

e The upper layer was aspirated leaving the
MNC layer undisturbed at the interphase.

e The interphase layer (MNC layer) was care-
fully aspirated and Washed twice in PBS con-
taining 2 mM EDTA and centrifuged for 10 min-
utes at 200xg rom at 20°C.
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e The cell pellet was resuspended in a final vol-
ume of 300 ul of buffer.

Magnetic labeling of CD34" cells using MACS
(magnetic cell sorting) kits (MiniMACS; Miltenyi
Biotec, Bergisch Gladbach, Germany):

Components:

* MACS colloidal super-paramagnetic Multisort
Microbeads conjugated to monoclonal mouse
anti-human CD34" antibody.

* Fc-receptor (FCR) blocking reagent contains
human Ig.

Magnetic labeling of cells in suspension:

* 100 pl of FcR blocking reagent was added to
the cell suspension to inhibit unspecific or
Fc-receptor binding of CD34* Multisort Micro-
beads to non-target cells.

* Cells were labeled by adding 100 pl CD34*
Multisort Microbeads per 108 total cells. And
were incubated for 30 min. in the refrigerator at
6°C-12°C.

e After incubation, cells were washed carefully
and resuspended in 300 ul buffer.

Magnetic separation of CD34"* cells using
MACS

* A positive selection column was placed in the
Mini-MACS Separator and was washed with
appropriate amount of buffer.

Am J Stem Cells 2014;3(2):83-96
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Figure 3. Histogram of the HGF, IGF-1 VEGF, and P53 gene expressions in Rat Kidney Tissue of Studied Groups.
Values are represented as mean+SD. *: statistically significant compared to corresponding value in control group (1)
(P < 0.05). #: statistically significant compared to corresponding value in positive control group (ARF) (Il) (P < 0.05).
$: statistically significant compared to corresponding value in CD34 2 week group (Ill) (P < 0.05).

¢ Cell suspension was applied onto the column
and negative cells were allowed to pass
through.

* The column was removed from the separator,
appropriate amount of the buffer was added
and CD34" cells were collected by flushing out
the column using the plunger supplied with the
column.
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Isolation of CD34* cells was confirmed by
Florescent Analysis Cell Sorting (FACS) at clini-
cal pathology department, Kasr Al-Einy.

Labeling stem cells with PKH26 dye

CD34" cells were harvested during the 4th pas-
sage and were labeled withPKH26 fluorescent
linker dye (Sigma, Aldrich, and Saint Louis,

Am J Stem Cells 2014;3(2):83-96
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Table 4. Numbers of tubular cell nuclei stained
with proliferating cell nuclear antigen (PCNA)
in the cortical and cortico-medullary areas in
Studied Groups

Groups Mean+SD PCNA

1- Control 5.100+2.108

2- Acute renal failure (ARF) 58.612+15.743*
3- ARF+CD34 (for 2 w) 411.622+23.176*,#
4- ARF+CD34 (for 4 w) 500.083+35.167*,#,$

*: statistically significant compared to corresponding value
in control group (P < 0.05). #: statistically significant com-
pared to corresponding value in positive control group (P <
0.05). $: statistically significant compared to correspond-
ing value in CD34 2 week group (P < 0.05).

PCNA

at

PCNA positive Cells

: . | |
control positie control ~ CD34 2Week D34 4 Week

Groups

Figure 4. Comparison between the PCNA prolifera-
tions in rat kidney tissue of studied groups. Values
are represented as mean£SD. *: statistically sig-
nificant compared to corresponding value in control
group (P < 0.05). #: statistically significant compared
to corresponding value in positive control group (P
< 0.05). $: statistically significant compared to cor-
responding value in CD34 2 week group (P < 0.05).

USA). PKH26 is a red fluorochrome, has excita-
tion (551 nm) and emission (567 nm). The link-
ers are physiologically stable and show little to
no toxic side-effects on cell systems. Labeled
cells retain both biological and Proliferating
activity, and are ideal for in vitro cell labeling, in
vitro Proliferation studies and long term, in vivo
cell tracking. Labeled cells that have been
washed can be visualized in culture up to 100
days after staining (for non-dividing cells). This
enhanced stability is favorable for long term in
vivo studies. The dye itself is stable and will
divide equally when the cells divide. After stain-
ing with PKH dyes, one can observe as many as
8 divisions depending on how brightly the cells
were stained initially and the amount of surface
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area on the cells. Most commonly, 4-6 divisions
can be visualized.

Real-time quantitative analyses for VEGF, HGF
and IGF-1 gene expression

Total RNA was extracted from kidney tissue
homogenate using RNeasy purification reagent
(Qiagen, Valencia, CA). CDNA was generated
from 5 pl of total RNA extracted with 1 pl (20
pmol) antisense primer and 0.8 ul superscript
AMV rever transcriptase for 60 min at 37°C.

The relative abundance of mRNA species was
assessed using the SYBR® Green method on
an ABI prism 7500 sequence detector system
(Applied Biosystems, Foster City, CA). PCR prim-
ers were designed with Gene Runner Software
(Hasting Software, Inc., Hasting, NY) from RNA
sequences from GenBank (Table 1). All primer
sets had a calculated annealing temperature of
60°. Quantitative RT-PCR was performed in
duplicate in a 25-pl reaction volume consisting
of 2X SYBR Green PCR Master Mix (Applied
Biosystems), 900 nM of each primer and 2-3 yl
of cDNA. Amplification conditions were 2 min at
50°, 10 min at 95° and 40 cycles of denatur-
ation for 15 s and annealing/extension at 60°
for 10 min. Data from real-time assays were
calculated using the v1:7 Sequence Detection
Software from PE Biosystems (Foster City, CA).
Relative expression of VEGF, HGF and IGF-1
MRNA was calculated using the comparative Ct
method. All values were normalized to the beta
actins genes and reported as fold change over
background levels detected in ARF.

Biochemical analysis

Serum urea and creatinine levels were mea-
sured using the conventional colorimetric
method using Quanti Chrom TM assay Kkits
based on the improved Jung and Jaffe meth-
ods, respectively (DIUR-500 and DICT-500).

Histological examinations

Animals from experimental group were sacri-
ficed immediately after 15 and 30 d of HSCs
transplantation and kidney was quickly
removed and fixed in 10% neutral formalin.
Fixed materials were embedded in paraffin wax
and sections of 5-um thickness were cut. Slides
were stained with hematoxylin and eosin (H &
E) for histological examination.

Am J Stem Cells 2014;3(2):83-96
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Figure 5. High magnification (PCNA x400). PCNA staining for normal control kidney treated with saline (A) PCNA
x400; PCNA staining for group treated with cisplatin at five days showed some positive PCNA immuno-reactive nu-
clei in the lining tubular epithelial cells (B) PCNA x400; PCNA staining showed many positive PCNA immuno-reactive
nuclei in the lining tubular epithelial cells (C, D) for (2 W) PCNA x400 and (E, F) for (4 W) showed apparent increase

in positive PCNA immuno-reactive nuclei in comparison to other groups PCNA x400.

Immunohistochemistry assay

Proliferating cell nuclear antigen (PCNA) is an
auxiliary protein of DNA polymerase 0 to play a
fundamental role in the initiation of cell prolif-
eration, and it is expressed strongly in the
nucleus during late G1 phase immediately
before the onset of DNA synthesis, becoming
maximal during S phases and declining during
G2 and M phase. Its level correlates directly
with rates of cellular proliferation and DNA
synthesis.

To determine the number of proliferating tubu-
lar cells, the expression of proliferating cell
nuclear antigen (PCNA) was detected by immu-
nohistochemistry. Section (5 Mm) were depar-
affinized with xylene and rehydrated with etha-
nol. The sections were subjected to an antigen
retrieval procedure according to the manufac-
turer’s instruction (thermo fisher scientific,
Fremont, CA94538, USA). in brief; Na-citrate
buffer (10 mmol/L, pH 6.5) was preheated in
the microwave. The sections were then soaked
in the solution and cooked for 15 minutes in
the microwave, then cool down at room tem-
perature for 20 minutes. To reduce nonspecific
background staining due to endogenous per-
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oxidase, incubate slide in hydrogen peroxide for
10-15 minutes. Apply Ultra V Block and incu-
bate for 5 minutes at room temperature to
block nonspecific background staining. Apply
primary antibodies Two to three drops of PCNA
antibody incubate according to manufacturer’s
protocol.

Two to three drops of secondary antibody (bioti-
nylated polyvalent) were placed on each slide.
The slides were incubated for 15 min. at room
temperature in a humid chamber. Apply
Streptavidin Peroxidase and incubate for 10
minutes at room temperature. Incubate with
peroxidase-compatible chromagen of choice
according to manufacturer’'s recommenda-
tions. Counter stain was done then the slides
were washed in tap water.

Quantification of immunostaining

Each tissue sample stained for PCNA was
viewed and scored by an observer blinded to
the treatment received. Quantitation of tubular
cells was performed with binocular microscope
on 10 fields outside the glomeruli area. The
mean of10 fields were taken and entered in
statistical analysis.

Am J Stem Cells 2014;3(2):83-96
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Figure 6. Histological changes from the control, cisplatin-treated rats and cisplatin administered umbilical cord
derived CD34"* cells (UC-HSCs), respectively, five days after the cisplatin injection. (A, B: H & E x400, H & E x200
respectively) Representative hematoxylin and eosin staining of kidney sections from the control showed no differ-
ences in the renal cortex and medulla. (C, D) Kidney of a cisplatin-treated rat showing distorted glomerular capillary
tufts (G) and widening of Bowman'’s space (arrowhead) of Malpighian renal corpuscle. The lining tubular epithelial
cells show marked cytoplasmic vacuolation (v), pyknotic nuclei (black arrows) and cellular debris in Lumina (black
stars). Widened tubular lumen is noted (green star). Dense hyaline cast, peritubular congestion (c) in D (H & E
x400). (E: H & E x400) cisplatin+CD34* for 2 w group showing marked distortion of renal corpuscles with partial
destruction of glomeruli (G) and thickening of parietal layer of Bowman’s capsule (black arrows). (F: H & E x400)
showing interstitial nephritis (black arrows). Cellular debris in Lumina of tubules (black stars). Partial destruction
of glomerular tuft (G) and widened bowman’s space (arrowhead). Some dividing cells are noted (yellow arrows).
Finally cisplatin+CD34* for 4 w group (G-l) H & E x400 showing improvement in renal tissue and normal histologi-
cal architecture of renal corpuscle and tubules. Dividing cells are noted within the lining tubular epithelium (black
arrows in G, H).

Statistical analysis

Data were coded and entered using the statisti-
cal package SPSS version 21. Data was sum-
marized using mean and standard deviation for
quantitative variables. Comparisons between
groups were done using analysis of variance
(ANOVA) with multiple comparisons post hoc
test. P-values less than 0.05 were considered
as statistically significant. The arithmetic mean
(M): The mean is the sum of the observations
divided by the number of observations:
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M=s (x)/n
S (x)=sum of individual values.
n=number of measurements.

Standard Deviation (SD):

S(x-m)
n-1

n-1=degree freedom (34)

Am J Stem Cells 2014;3(2):83-96
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Results
Results of the in vitro study

Identification of CD34* cells by fluorescence-
activated cell sorting (FACs) (Figure 1). CD34*
labeled with PKH26 fluorescent dye was detect-
ed in the renal tissues confirming that these
cells homed into the kidney tissue (Figure 2).

Results of the in vivo studies

Detection of homing of the injected human
cells by detection of PKH-26 fluorescent dyes in
rat kidney:

Cells labeled with the PKH-26 fluorescent dye
showed strong red auto fluoresce after trans-
plantation in rats, confirming that these cells
were actually seeded into the renal tissue
Figure 2.

Biochemical analysis of kidney functions:

* There was a significant increase (p < 0.05) in
the mean urea and creatinine levels in the
acute renal failure group (84.43+10.02),
(1.18+0.41) respectively compared to the con-
trol group (34.85+8.19), (0.10+0.05).

* There was a significant decrease (p < 0.05) in
the mean urea and creatinine levels in the
group receiving CD34 for 2 w (61.78+11.33),
(0.53+0.31) compared to the acute renal fail-
ure group (84.43+10.02), (1.18+0.41) And
there was a significant increase (p < 0.05) in
the mean urea and creatinine levels in the
group receiving CD34 for 2 w (61.78+11.33),
(0.53+£0.31) compared to the control group
(34.85+8.19), (0.10+0.05) respectively.

e There was a significant decrease (p < 0.05) in
the mean urea and creatinine levels in the
group receiving CD34 for 4 w (55.03+11.58),
(0.40+0.20) respectively compared to the
acute renal failure group (84.43+10.02),
(1.18+0.41). And there was a significant
increase (p < 0.05) in the mean urea and creati-
nine levels in the group receiving CD34 for 4 w
(55.03+11.58), (0.40+0.20) respectively com-
pared to the control group (34.85+8.19),
(0.10+0.05) (Table 2).

* There was a significant decrease (p < 0.05) in
the mean Na, K levels in the acute renal failure
group (127.38+2.61), (2.73+0.49), compared
to the control group (149.50+4.95), (4.86+
0.30).
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* There was a significant decrease (p < 0.05) in
the mean Na, K levels in the acute renal failure
group receiving CD34 for 2 w (133.98+3.75),
(3.26£0.51), compared to the control group
(149.50+4.95), (4.86+0.30). And there was a
significant increase (p < 0.05) in the mean Na
levels in the acute renal failure group receiving
CD34 for 2 w (133.98+3.75), compared to the
acute renal failure group (127.38+2.61). There
was a significant increase (p < 0.05) in the
mean Na, k levels in the acute renal failure
group receiving CD34 for 4 w (137.30+3.82),
(4.02+0.32), compared to the acute renal fail-
ure group (127.38+2.61) more over K levels in
the acute renal failure group receiving CD34 for
4 w (4.02+0.32) was a significant increase (p <
0.05), compared to the acute renal failure
group receiving CD34 for 2 w (3.26+0.51)
(Table 2).

QRT PCR for HGF, INF-1, VEGF and P53 in
kidney tissue

Concerning gene expression, HGF, IGF-1, VEGF
and P53 genes were significantly decreased in
ARF group (P < 0.05) (2.20+1.15), (0.20+0.09),
(1.09+0.18) and (0.26+0.23) respectively com-
pared to control group (11.75+1.37) for HGF,
(0.87+0.12) for IGF-1, (3.87+0.91) for VEGF and
(1.58+0.36) for P53 (Table 3 and Figure 3).

* The mean HGF level in the acute renal failure
group receiving CD34 for 2 w (7.49+1.33)
showed a significant increase (p < 0.05) when
compared to the acute renal failure group
(2.2041.15). Also The mean VEGF, P53 level in
the acute renal failure group receiving CD34 for
2 w (2.18+0.47), (0.72+0.12) showed a signifi-
cant increase (p < 0.05) when compared to the
acute renal failure group (1.09+0.18), (0.26-
+0.23). Moreover, HGF, IGF-1, VEGF and P53
genes were significantly decreased in ARF
group receiving CD34 for 2 w (P < 0.05) com-
pared to the control group (Table 3).

* The mean HGF, IGF-1, VEGF and P53 level in
the acute renal failure group receiving CD34 for
4 w (8.2741.28), (0.59+0.11), (2.46+0.50) and
(1.0940.14) showed a significant increase (p <
0.05) when compared to the acute renal failure
group (2.20+1.15), (0.20+0.09), (1.09+0.18)
and (0.26+0.23). Also the mean IGF-1 level in
the acute renal failure group receiving CD34 for
4 w (0.5940.11) showed a significant increase
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(p < 0.05) when compared to the acute renal
failure group receiving CD34 for 2 w (0.31-
+0.04). Moreover, HGF, IGF-1, VEGF and P53
genes were significantly decreased in ARF
group receiving CD34 for 4 w (P < 0.05) com-
pared to the control group (Table 3 and Figure
3).

Immunohistochemistry analysis of kidney tis-
sue of different groups

Distribution of PCNA immunoreactivity (Table 4
and Figure 5). Five days after cisplatin adminis-
tration, the number of positive cells was signifi-
cantly higher in renal tissue of animals treated
by cisplatin versus control group. PCNA stained
cells were also significantly higher in group
receiving CD34 for 4 w than cisplatin alone and
control group.

There was a significant increase (p < 0.05) in
the mean PCNA proliferations in the acute renal
failure group (58.612+15.743) compared to
the control group (5.100+2.108) (Figure 4).

There was a significant increase (p < 0.05) in
the mean PCNA proliferations in the group
receiving CD34* for 2 w (411.622+23.176)
compared to the control group (5.100+2.108)
and acute renal failure group (58.612+15.743).
also There was a significant increase (p < 0.05)
in the mean PCNA proliferations in the group
receiving CD34* for 4 w (500.083+35.167)
compared to the control group (5.100+2.108),
acute renal failure group (58.612+15.743) and
the group receiving CD34* for 2 w (411.622+
23.176) (Table 4 and Figure 4). These results
indicate that umbilical cord CD34* promote
regeneration and exert an anti-apoptotic effect
in cisplatin-induced nephrotoxicity (Figure 5).

Histopathological changes

Examination of sections in the renal cortex and
medulla of control groups showed no differenc-
es (Figure 6A, 6B; x400, x200 respectively).
Histopathological examination of kidney tissue
of ARF group showed Tubular atrophy of both
proximal & distal tubules with marked lumen
dilatation & cell debris in lumen & patchy loss
of proximal tubule cells with pyknotic nuclei and
regenerative change in tubular cells. (Figure
6C, 6D; x400), following CD34" injection for 2 w
there was marked distortion of renal corpus-
cles with partial destruction of glomeruli and
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thickening of parietal layer of Bowman’s cap-
sule. Interstitial nephritis and cellular debris in
Lumina of tubules are noted. Also some divid-
ing cell are showed (Figure 6E, 6F; x400). In
ARF/CD34"* for 4 w there was normal histologi-
cal architecture of renal corpuscle and tubules.
Moreover, Dividing cells are noted within the
lining tubular epithelium (Figure 6G-I; x400).

Discussion

In the lack of effective therapies, stem cell
technology has recently emerged as a new and
promising treatment option for AKI. With their
plasticity and capability to trans-differentiate
into cells of various tissue types, stem cells
derived from the bone marrow and umbilical
cord blood have been extensively studied with
respect to their potential to enhance recovery
of the injured tubular epithelium. For some time
MSCs have been considered the major fraction
of BMSCs responsible for this phenomenon
and, indeed, therapeutic injection of MSCs
after induction of renal injury leads to a signifi-
cant attenuation of AKI, both, in functional and
histomorphologic terms [33, 34]. However, sub-
sequently, it has been demonstrated that MSCs
do not engraft directly into the tubular epitheli-
um, and it is now accepted that paracrine or
endocrine actions convey the reported benefi-
cial effects. In turn, this makes HSCs the prime
bone marrow stem cells (BMSC) fraction
responsible for the cell replacement effect
seen with whole bone marrow transplantation
(BMT).

The result of the present work revealed that a
single injection of cisplatin dose 5 mg/kg body
weight in rat caused increase in serum creati-
nine level, blood urea nitrogen indicating induc-
tion of acute renal failure. Our results were
similar to those of [35], who proved that cispla-
tin, have multiple intracellular effects, such as
direct toxicity with reactive oxygen species, by
activating mitogen activated protein kinases
(MAPKinase), by inducing apoptosis, and by
stimulating inflammation and fibrogenesis.

That result is supported by [36] who suggest
that cisplatin may additionally directly induce
necrosis and apoptosis of renal tubular cells.
The toxic mechanisms have been suggested to
imply the p53-mediated activations of caspas-
es-2, 8 and 3 in cisplatin induced renal cell
apoptosis, while oxidative stress-induced TNF-
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alpha synthesis via p38 MAPK phosphorylation
may be the corner stone for renal tubular cells
necrosis. Also, [32] supported the same con-
clusion, provided that Cisplatin is a platinum
co-ordination complex that is hydrolyzed intra-
cellularly to produce a high reactive moiety
which cause cross linking of DNA.

The impact of injected exogenous HSCs in AKI
has not yet been deciphered consistently. Initial
studies using a model of cisplatin-induced AKI
did not show significant beneficial effects [33].
In contrast, in a murine BMT model, Lin et al.,
[37] analyzed the contribution of HSCs in tubu-
lar regeneration after ischemia/reperfusion
injury (I/R). Isolated HSCs of Rosa29 mice were
injected into irradiated recipients that had
been subjected to I/R. Using several detection
methods, donor HSCs were identified in the S3
segment of the proximal tubule. However, this
was 4 weeks after I/R and the short-term effect
of HSC transplantation in terms of structural
and, more importantly, functional restoration of
the kidney was not examined in this investiga-
tion. Recently, [38] robustly repopulated bone
marrow after lethal irradiation by transplanting
plastic non-adherent enhanced green fluores-
cent-positive marrow cells as a source of hema-
topoietic lineage-committed bone marrow cells
(HLMCs) and plastic-adherent MSCs in mice.
After induction of AKI by administration of
HgCL2, only HLMCs but not MSCs were found
to be incorporated into the tubular epithelium.
Together, these latter studies suggest that
intrinsic HSCs may indeed play an important
role in tubular turnover as well as in tubular
regeneration after AKI [39].

In order to close this gap, we administered
umbilical cord blood CD34* cells, after throw
determining their HSC properties, by intraperi-
toneal injection directly after inducing AKI in
rats. HSC injections attenuate the extent of
renal failure as mirrored by peak serum creati-
nine levels and it accelerates functional recov-
ery. Moreover, histomorphologic features of AKI
were also influenced by HSC application. our
result were similar to those of [40] who proved
that, hematopoietic stem and progenitor cells
can be converted into renal-like cells ex vivo by
sequentially treating them with a combination
of protein factors and that these cells amelio-
rate AKI in a mouse model of I/R .

The results of this study demonstrate that
transplanted HSC can contribute to renal tubu-
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lar regeneration after I/R injury. Conventionally,
it has been thought that injured tissues are
repaired by proliferation of surviving parenchy-
mal cells [41]. An increasing body of evidence
has revealed that somatic stem cells can be
mobilized from one organ to a different organ
where they can differentiate into the cells of the
recipient organ and participate in structural
and functional regeneration [42, 43]. The term
“transdifferentiation” has been suggested to
describe the phenotypic conversion of pluripo-
tent somatic stem cells of one tissue type to
another tissue type [41].

Fusion or transdifferentiation, this could not be
answered in this study; however, both tech-
niques definitely proved that those cells were
able to maintain high population all through the
study. These results agree with those of [44]
who showed that, upon instruction by environ-
mental signals, pluripotent stem cells exhibit
developmental plasticity and transdifferentiate
into alternative cell types. Two recent studies
challenging this view have suggested that
under selection pressure bone marrow cells or
neural stem cells can fuse with embryonic stem
cells (ES cells) in cultures and that bone mar-
row cells could fuse with ES cells, adopt an ES
cell phenotype. In this in vitro study mixed bone
marrow cells were used, and the frequency of
fusion was 2 to 11 per 106 bone marrow cells.
The Sca Lin_ fraction of bone marrow cells did
not increase the frequency of fusion, suggest-
ing that HSC were unlikely to be involved in the
fusion event. Similarly, neural stem cells fused
with ES cells and subsequently differentiated
too many cell types. The frequency of fusion
was in the range of 10* to 10°% per brain cell
[45].

PCNA expression is an index of renal regenera-
tion. The administration of umbilical cord blood
HSCs significantly increased the number of
PCNA, positive cells, suggesting that UC-CD34*
strongly promoted tubular cell proliferation
while inhibiting cell apoptosis that results
resembled to [46].

On the other hand from the present study histo-
pathological examination of renal tissue sam-
ples of ARF group showed increased conges-
tion, increased cellularity of the glomeruli and
fibrin deposition. There was also patchy tubular
atrophy and necrosis. On the other hand nor-
mal medullary tubules with vacuolar degenera-
tion as a late event were seen. Interstitial
edema & mild inflammation also occurred. The
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present findings agreed with those of [47, 48];
who demonstrate capillary loss that typically
precedes the development of prominent fibro-
sis. After four week of umbilical cord CD34*
injection, there was improvement in the tissue
of the kidney.

Moreover, the results of the present study
showed increase in HGF, VEGF, IGF-1 growth
factor gene and P53 that due to the mecha-
nism of homing of hematopoietic stem cells in
which HSPCs are recruited to the injured kidney
and localize within injured capillaries and in the
interstitium. Local production of cytokines
including angiopoietins, vascular endothelial
growth factors, hepatocyte growth factor and
insulin like growth factors are generated pro-
moting cellular repair by paracrine mechanisms
which proved in our study. Also Pluripotent HSC
possess the following complex characteristics:
(i) differentiation potential for all hematopoietic
lineages as demonstrated by clonal markers;
(i) high proliferative potential leading to as
much as 100% donor-derived hematopoietic
engraftment; (iii) long-term activity throughout
the lifespan of the individual; and (iv) self-
renewal as demonstrated by in vivo serial trans-
plantations. And, although these stem cells
have been phenotypically characterized for cell
surface molecule expression, the gold stan-
dard in defining a HSC is only through in vivo
Transplantation [49].

Further studies will be required to determine
whether transplanted HSC can accelerate func-
tional recovery after renal injury. Because HSC
are more readily available compared with other
somatic stem cells they can potentially be uti-
lized as a source for cell replacement therapy.

In conclusion, we demonstrate here that sys-
tematically administered umbilical blood mobi-
lized human HSCs reduce mortality and pro-
mote rapid renal repair and regeneration of the
Kidney by paracrine mechanisms directed at
peritubular capillaries. These findings support
human umbilical cord blood primitive hemato-
poietic cells as a promising therapeutic strate-
gy for treatment of acute kidney diseases, and
in the prevention of chronic kidney diseases.
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