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Abstract At present, the main therapy for chronic renal
failure (CRF) is dialysis and renal transplantation, but nei-
ther obtains satisfactory results. Human umbilical cord
mesenchymal stem cells (huMSCs) are isolated from the
fetal umbilical cord which has a high self-renewal and
multi-directional differentiation potential. Icariin (ICA),
a kidney-tonifying Chinese Medicine can enhance the
multipotency of huMSCs. Therefore, this work seeks to
employ the use of ICA-treated huMSCs for the treatment
of chronic renal failure. Blood urea nitrogen and creatinine
(Cr) analyses showed amelioration of functional parameters
in ICA-treated huMSCs for the treatment of CRF rats at 3,
7, and 14 days after transplantation. ICA-treated huMSCs
can obviously increase the number of cells in injured renal
tissues at 3, 7, and 14 days after transplantation by opti-
cal molecular imaging system. Hematoxylin-eosin stain-
ing demonstrated that ICA-treated huMSCs reduced the
levels of fibrosis in CRF rats at 14 days after transplanta-
tion. Superoxide dismutase and Malondialdehyde analy-
ses showed that ICA-treated huMSCs reduced the oxida-
tive damage in CRF rats. Moreover, transplantation with
ICA-treated huMSCs decreased inflammatory responses,
promoted the expression of growth factors, and protected
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injured renal tissues. Taken together, our findings suggest
that ICA-treated huMSCs could improve the kidney func-
tion in CREF rats.
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Introduction

The number of patients suffering from CRF, a pattern of
chronic disease, is growing and increasing the need for
renal replacement therapy [1]. Despite pharmacologic
therapy that could improve survival in early CRF patients,
the effect is not obvious in patients with end-stage disease.
End-stage CRF patients mainly take dialysis and renal
transplantation treatment. Dialysis as continuous renal
replacement therapy cannot complete the kidney secre-
tion and metabolism to maintain homeostasis and a series
of other important functions, and there are many compli-
cations. Renal transplantation can completely replace kid-
ney function, and its mortality rate is lower than dialysis
patients, but the lack of donor kidneys, xenotransplantation
failures, and need for long-term use of immunosuppressive
agents restrict the application of organ transplantation [2].
Therefore, there is an urgent need to develop new therapy
strategies for CRF.

Bone marrow-derived mesenchymal stem cells (BM-
MSCs) have been used for treating Acute renal failure
(ARF) [3]. Studies show that BM-MSCs transplanted into
ARF animals promote the recovery of renal function and
structure through the release of growth factors, such as Vas-
cular endothelial growth factor (VEGF) [4]. huMSCs were
stromal cells which were isolated from the fetal umbilical
cord with Wharton’s Jelly [5]. huMSCs possess similar
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characteristics to BM-MSCs and also have a higher prolif-
erative potency and lower immunogenicity. More impor-
tantly, these cells can be obtained without ethical disagree-
ments [6]. huMSCs can be differentiated into osteoblast,
cartilage cells, fat cells, pancreatic islet cells, nerve cells,
myocardial cells, and reproductive cells, etc. [7]. huMSCs
are expected to be the ideal cells for the therapy of various
diseases including nervous system disorders, diabetes, can-
cer, as well as ARF [8, 9].

Epimedium brevicornum Maxim [10], an important tra-
ditional Chinese herbal medicine, has been widely used for
“tonifying kidney and strengthening bone” for thousands of
years. ICA (C;53H,40,5; molecular weight 676.65) is a fla-
vonoid extracted from Epimedium brevicornum Maxim and
is considered as the main pharmacological active constitu-
ent [11]. ICA can also promote BM-MSCs proliferation
and differentiation, at the same time promoting the gene
BMP —7 expression and the recovery of renal function in
injured renal [12]. Thus, we speculated that ICA-treated
MSCs can enhance the effect of treatment for CRF com-
pared with single treatment.

Our previous study showed that 100 pM ICA-treated
huMSCs for 1 week can obviously up-regulate the expres-
sion of pluripotency gene Oct_4. As a result, ICA-treated
huMSCs can accelerate the recovery of renal function by
promoting huMSCs to differentiate into renal tubular epi-
thelial cells in ARF mice. Nevertheless, these effects have
no significant difference between the ICA-treated huMSCs
group and huMSCs group. Therefore, in this study, we pro-
pose that ICA-treated huMSCs could reduce the oxidative
damage and inflammatory responses through a paracrine
effect, so as to accelerate the effect of treatment for CRF.

Materials and methods
huMSC:s isolation and identification

Human umbilical cords were collected from full-term
births after either cesarean section or normal vaginal deliv-
ery with the consent of parents. The fresh umbilical cords
were collected at 4 °C. The tissue was disinfected with 2%
Penicillin and streptomycin mixture and cleared exten-
sively with PBS. The washing was repeated until they were
cleaned from blood or blood clots. The cord vessels (arter-
ies and vein) were removed from cord segments, and the
exposed Wharton’s Jelly tissue was cut into 1 mm? frag-
ments. The tissue fragments were incubated with 0.1%
collagenase type IV combined with 0.25% Trypsin for
30 min at 37 °C. Following digestion, the DMEM was sup-
plemented with 10% fetal bovine serum to stop the reac-
tion. Then the mixture was filtered by cell strainer where
the undigested tissues were placed in culture bottles and
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cultured in DMEM supplemented with 10% fetal bovine
serum (FBS), 1% L-glutamine, 1% penicillin, and strepto-
mycin mixture. The culture bottle was placed in an incuba-
tor with saturated humidity at about 37 °C containing 5%
CO,. The filtrate was centrifuged at 1000g for 5 min, and
the collected cells were washed twice in PBS. Then the
cells were suspended in medium and placed in the incuba-
tor with saturated humidity at about 37°C containing 5%
CO,. The medium was changed twice in 1 week. huMSCs
were passaged at 80-90% confluency by 0.25% trypsin
digestion. The fourth generation of cells was used in this
study.

Icariin

Icariin (>94% purity) was purchased from National Insti-
tutes for Food and Drug Control (Beijing, China). For the
cell culture, Icariin was dissolved in dimethyl sulfoxide first
and then added to complete medium. The chemical struc-
ture of ICA is shown in Fig. 1.

Flow cytometry

Once 80% confluence had been reached, adherent cells
were analyzed using standard flow cytometry. Cells were
incubated with monoclonal antibodies against CD?29,
CD31, CD34, CD44, CD45, CD90 (eBioscience) and ana-
lyzed on a BD FACSCalibur flow cytometer.

Cell labeling

huMSCs were pretreated with 100 uM ICA for 1 week, then
8x10° cells were labeled with the cross-linkable mem-
brane dye, DiR. The labeled cells were re-suspended in
0.9% saline solution and prepared for transplantation. The
normal huMSCs were labeled by the same method.

Icariin

Fig. 1 The chemical structure of Icariin
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Adenine-induced chronic renal failure rat model

Adult male Wistar rats (outbred, 6-8weeks of age,
240-260 g) were acquired from the Experiment Animal
Center of Chinese Academy of Medical Science. Rats were
raised in Animal House of Tianjin University of Traditional
Chinese Medicine and access to rats formula feeds: con-
taining 18.8% protein, 57% carbohydrate, 5.7% crude oil,
1.01% calcium, 0.65% phosphorus, 51 pg/kg vitamin D
(BEJING HFK BIOSCIENCE CO., LTD, Beijing, China),
and water. The environment was kept at 22 +2 °C tempera-
ture, 50-60% humidity, and under a 12-h dark 12-h light
cycle. All efforts were made to maintain a minimum of
animal number and suffering. All animal experiment pro-
cedures were authorized by the Committee for Animal Care
at Tianjin University of Traditional Chinese Medicine and
coincided with the National Institutes of Health’s Guide for
the Care and Use of Laboratory Animals.

Chronic renal failure models are induced by 2.5% ade-
nine (Solarbio, Beijing, China) (200 mg/kg/d) administered
by gavage for 4 weeks. Adenine was dissolved in sterile
0.9% saline solution [13, 14].

huMSCs transplantation

Rats were randomly divided into four groups: control group
(non-adenine-treated rats receiving saline, n=9), adenine
group (adenine-treated rats receiving saline, n=9), huM-
SCs group (adenine-treated rats receiving DiR-labeled
huMSCs, n=9), huMSCs+ICA group (labeled-treated
rats receiving DiR-labeled ICA-treated huMSCs, n=09).
huMSCs (8x10%) [15] suspended in 1 ml saline solution
were injected via the tail vein after being adenine treated
for 4 weeks. At 3, 7, and 14 days after being treated, the rats
were anesthetized with 10% chloral hydrate of 4 ml/kg and
blood was immediately collected from the angular vein.
Subsequently, the rats were sacrificed by cervical vertebra
dislocation and the kidneys of rats were excised for the fol-
lowing experiment. An optical molecular imaging system
(NightOWL LB983 of Berthold, Germany) was used to
observe the location of transfused huMSCs at different time
points after the cells were treated.

Serum and tissue homogenate preparation

Rats were sacrificed at 3, 7, and 14 days after being treated;
kidneys were removed for optical molecular imaging sys-
tem analysis. The kidneys were washed in cold saline solu-
tion, and then ground in the pre-cooled 0.9% saline solu-
tion. The tissue homogenate was centrifuged at 3000 rpm
for 15 min, and the supernatant was collected for MDA and
SOD determination (Nanjing Jiancheng Bioengineering
Institute, Jiangsu, China). Before the rats died, blood sam-
ples were collected and centrifuged at 3000 rpm for 15 min,
and the supernatant was collected for BUN and creatinine
Cr determination (Nanjing Jiancheng Bioengineering Insti-
tute, Jiangsu, China). The serum and tissue homogenate
were stored at —80 °C until use.

Histopathology staining and elisa analysis

Renal tissues were fixed in 4% paraformaldehyde and
Hematoxylin/Eosin (HE) staining was finished by the sec-
ond people’s hospital of Tianjin in china. Part of the serum
and tissue homogenate was used for Elisa analysis (Shang-
hai Baoman Biotechnology Co., Ltd, Shanghai, China) to
detect the concentration of IL-10, IL-6, and TNF-a accord-
ing to the kit instruction.

Quantitative RT-PCR

Total RNA was isolated from rat kidney tissues using an
extract RNA kit according to the manufacturer’s instruc-
tions (TianGen Biotechnology Co., Ltd, Beijing, China).
The expressions of GAPDH, bFGF, and BMP-7 were
detected by quantitative RT-PCR (qRT-PCR). All samples
were tested in triplicate by BIORAD iQ5. GAPDH was
used as a loading control. The sequences of primers are
listed in Table 1.

Statistical analysis
Data were shown as means+ SD. Statistical analysis

was performed by ANOVA for multiple comparisons
using SPSS 16.0. And cartograms were drawn by Prism

Table 1 Primer sequences of

. Genes Primer sequence (5'-3") Amplicon size (bp) Anneal-
target genes for rat ing temp
(T
GAPDH Forward: GGCATTGCTCTCAATGACAA 223 60
Reverse: TGTGAGGGAGATGATCAGTG
bFGF Forward: CGGTACCTGGCTATGAAGGA 188 56
Reverse: CCGTTTTGGATCCGAGTTTA
BMP-7 Forward: AGACCAAGCACCTCTCCTGA 178 58

Reverse: CCAACGGATTCTTTCTTGGA
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software (Graph Pad, San Diego, USA). P<0.05 was
considered significant.

Results
The characteristics of huMSCs

One week after the primary work, we can observe adher-
ent cells with fibroblastic morphology as shown in
Fig. 2a. After 3 weeks, cells reached 80% confluence and
cells were passaged as shown in Fig. 2b. We analyzed the
cells by flow cytometry at P4. As shown in Fig. 2c, huM-
SCs expressed CD29 (94.22%), CD44 (99.30%), CD90
(99.55%), but were negative for CD31 (0.02%), CD34
(0.03%), CD45 (0.22%).

Fig. 2 Characterization of
huMSCs. a 1 week after the pri-
mary work, adherent cells dis-
played a fibroblastic morphol-
ogy. b 3 weeks later cell growth
was 80%. ¢ Flow cytometric
characterization of huMSCs

ICA-treated huMSCs accelerate the recovery of renal
function in chronic renal failure in rats

At 14days after huMSCs transplantation with or without
ICA treatment, we evaluated the body weight of rats and
the results showed that body weight in the adenine group
was significantly reduced compared with the control group
(P<0.01). And the body weight in huMSCs group and
ICA-treated huMSCs group was significantly elevated than
that in adenine group (P <0.05). Moreover ICA-treated
huMSCs group showed higher level than huMSCs group
(P<0.05) Fig. 3b. After 4 weeks of administration of ade-
nine, the rats showed significant hair loss, increased urine
output, and lack of energy and mortality of rats as high as
30%, but after transplanting huMSCs with or without ICA
treatment into CRF rats for 14 days, those symptoms have
been improved.
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Fig. 3 a Effects of ICA-treated huMSCs on rat renal function indexes
at 3, 7, and 14 D (days) after huMSCs transplantation. Serum Cr
and BUN levels in control group (non-adenine injection rats), ade-
nine group (adenine-induced CRF rats), huMSC group (adenine-
induced CRF rats receiving huMSCs), and huMSCs group+ICA

Transplantation of ICA-treated huMSCs protects the
renal function by decreasing the levels of serum BUN
and Cr. The levels of BUN and Cr in the adenine group
markedly increased at 3, 7, and 14 days compared with
the control group (both: P <0.01 at 3 and 7 days; P <0.05
at 14 days). At 3, 7, and 14 days after huMSCs transplan-
tation with or without ICA treatment, the levels of BUN
and Cr in the huMSCs group were reduced compared
with the adenine group (both: P <0.05 at 3 and 14 days,
P <0.01 at 7days). More importantly, the levels of BUN
and Cr in the ICA-treated huMSCs group reduced at 3,
7, and 14days significantly compared with the huMSCs
group (BUN: P <0.05 at 14 days, P<0.01 at 3 and 7 days;
Cr: P<0.05 at 7 and 14 days, P<0.01 at 3 days) Fig. 3a.

We also observed the effect of ICA-treated huMSCs
transplantation on the histology of CRF rats at 3, 7, and
14 days after adenine lavage. In the adenine group, there
was notable damage in the renal tissues compared with
the control group. Treatment with huMSCs and ICA-
treated huMSCs alleviated renal injury as identified
by dilated tubulars, preservation of the integrity of the
tubules, and lower inflammatory cell accumulation. How-
ever, ICA-treated huMSCs resulted in improved amelio-
ration of adenine-induced renal injury compared with the
treatment with huMSCs at 14 days (Fig. 4).
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(adenine-induced CRF rats receiving ICA-treated huMSCs, n=3).
b Body weight in different groups, n=>5. All data were expressed as
mean+SD. *P <0.05 and **P <0.01 versus control group. *P <0.05
and P <0.01 versus adenine group. *P <0.05 and **P <0.01 versus
huMSCs +ICA group

To trace the gathering of huMSCs, a fluorescence imag-
ing system was used for kidneys of the CRF rats at days
3, 7, and 14 after transplantation. The 794 nm excitation
and 810 nm emission filters were used. Visible red fluores-
cence was detected in the kidney region and the fluores-
cence intensity was higher in the huMSCs+ICA group at
3,7, and 14 days (3 and 7days: P<0.01; 14days: P<0.05)
(Fig. 5a). In order to more accurately quantify the number
of huMSCs, after finishing the imaging, the kidneys were
embedded in OCT compound (Tissue-Tek, Miles) for fro-
zen section (Leica CM 1850, Leica Instruments), and sec-
tioned at 20 pm thickness. Then sections were observed
under a laser scanning confocal microscope (LSCM,
Olympus FV1000, Japan). The fluorescent intensity was
quantified by Image J software. The results showed that
fluorescent intensity of DIR in huMSCs+ICA group was
significantly higher than huMSCs at 14 days (Fig. 5b).

ICA-treated huMSCs transplantation alleviate renal
oxidative damage of CRF rats

Adenine-induced CREF is associated with oxidative dam-
age. We performed a SOD and MDA assay to evaluate
the anti-oxidative damage effects of ICA-treated huM-
SCs on CRF rats at 3, 7, and 14 days after transplantation.
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Fig. 4 Histological estimation of kidney sections by HE staining at 3, 7, and 14D (days) after huMSCs+ICA transplantation. All data were

expressed as mean+ SD, n=3. (magnification X200; Scale bars: 200 pm)
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Fig. 5 a Fluorescence imaging system for kidneys of CRF rats.
Red fluorescence signals in the kidney could be clearly seen at 3,
7, and 14D (days) after hucMSC transplantation. There are higher
fluorescence signals in kidneys and fluorescence imaging showing
a significant difference could be seen between the hucMSC group
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with hucMSC group+ICA group. b Fluorescent intensity of DIR
in huMSCs+ICA group and huMSCs group at 14 days. (Scale bars:
200 pm). All data were expressed as mean+SD, n=3. *P <0.05 and
*#P <0.01 versus huMSCs +ICA group
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Compared with the control group, the level of SOD is
significantly reduced in renal tissue homogenate in the
adenine group while being significantly increased in the
huMSCs group at three time points (P < 0.05). Further-
more, the effect of the huMSCs +ICA group is better
than the huMSCs group at 14days (P<0.05) Fig. 6a.
For the MDA levels, compared with the adenine group,
it is significantly reduced in huMSCs group at 14 days
(P<0.05), and huMSCs+ICA group is significantly
reduced at both time points (P <0.05) (Fig. 6b).

ICA-treated huMSCs reduce inflammatory responses
in adenine-induced CRF rats

IL-6, TNF-a, and IL-10, are three major inflammation-
related cytokines. We analyzed these three indexes in
serum and renal tissue homogenate by ELISA. Our
results showed that the concentration of IL-6 and TNF-«
in serum and tissue homogenate was significantly higher
in the adenine group at both time points compared with
the control group (P <0.05). The concentration of both
cytokines showed a downward trend in the huMSCs
group and huMSCs +ICA group. Especially at 14 days,
TNF-a and IL-6 in serum and tissue homogenate were
significantly reduced in the huMSCs and huMSCs + ICA
groups, moreover it was significantly lower in huM-
SCs +ICA group than that in huMSCs group (P <0.05).
Compared with the adenine group, the concentration
of IL-10 in serum and tissue homogenate is signifi-
cantly higher than that in the huMSCs group and huM-
SCs+1ICA group (P <0.05). Furthermore, IL-10 in the
huMSCs +ICA group was significantly higher than that
in the huMSCs group (P <0.05) (Fig. 7).
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ICA-treated huMSCs promote the expressions
of BMP-7 and bFGF in adenine-induced CRF rats

The expression levels of BMP-7 and bFGF in renal tissue
were analyzed by qRT-PCR and normalized to GAPDH.
Our results showed that the expression levels of BMP-7 and
bFGF were significantly higher in the huMSCs group and
huMSCs +ICA group at 7 and 14 days after huMSCs trans-
plantation than that in the adenine group (P <0.01). Addi-
tionally, the huMSCs+ICA group has an obvious rising
trend compared with the huMSCs group, and the expres-
sion of bFGF in huMSCs+ICA group was significantly
higher than in huMSCs group at 14 days (Fig. 8).

Discussion

CRF is a slowly progressive renal damage and originating
from diverse kidney diseases. CRF develops predominantly
due to the injury and necrosis of renal proximal tubule
cells as a result of ischemic or toxic insult. In recent years,
researchers have found a variety of ways to cause CRF in
rats such as renal resection, renal artery ligation, adenine,
and adriamycin, etc. The advantage of the adenine method
is simple and controllable as well as has a high success
rate. The disadvantage is high animal mortality. Thus, we
combined with the actual situation to choose adenine to
cause CRF. The mechanisms of the adenine-induced CRF
rat include azotemia, accumulation of uremic toxins, met-
abolic imbalances of amino acids and electrolytes [16],
as well as complex inflammatory response [17]. Patho-
logically, renal tissue of adenine-fed rats shows lesions in
kidney tubules and glomeruli [18]. Excess adenine is low
solubility 2,8-dihydroxyadenine via the action of xanthine
oxidase, which leads to its precipitation in kidney tubules
and renal tubular damage. Our research is designed based
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Fig. 6 SOD activity and MDA contents in renal tissues after cell transplantation. All data were expressed as mean+SD, n=3. *P <0.05 versus
control group; *P <0.05 versus adenine group; *P < 0.05 versus huMSCs group

@ Springer



210 Mol Cell Biochem (2017) 428:203-212
250- = control 250+ * control
=4 adenine E=3 adenine
=1 huMSC+ICA g - % D huMSC+ICA
£ # =
S 150 50 [
S 150 = 21 :
5 £ T
w1004 E E LZL 1004
g £ =
50 £ 50
0_ E 0-
o
tissue homogenate
2001 control 200- £z control
E=3 adenine adenine
- & huMSC & huMSC
150+ @ huMSC+ICA 150+ * * * @™ huMSC+ICA
E 4 E I
2 1001 ] T 2 100- g
© £ = I3 £
= ‘ £ = = £
% - E ~ sof HE|E
0- = = 0 =
® ° Y Y QL Y
serum tissue homogenate
- control
60- ool 80 adenine
B huMsSC B huMsC
@D huMSC+ICA __ g0 @D huMSC+ICA
E 40- E &
>
2 I 2 40- -
- g -
= = = 20

Fig. 7 The concentration of IL-6, TNF-a, and IL-10 in serum and
renal tissues at 3, 7, and 14D (days) after cell transplantation was
determined by ELISA. All data were expressed as meanz+SD,

on the above pathogenesis and aims to augment repair in
CRF.

ICA is a Chinese medicine for “strengthening the kid-
ney” that can promote bone marrow-derived MSCs prolif-
eration and differentiation [19]. In recent years, researchers
have found that bone marrow-derived MSCs can promote
renal tubular epithelial cell regeneration, inhibiting fibrosis
[20, 21]. Furthermore, ICA-modified bone marrow-derived
MSCs can promote the growth factor expression of BMP-7
and bFGF [22, 23]. As huMSCs possess similar character-
istics to bone marrow MSCs, this study was designed to
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group

identify possible effects of ICA-treated huMSCs for CRF.
Our results demonstrate that ICA-treated huMSCs accel-
erate the recovery of renal function by reducing oxidative
damage, inflammatory response, and the expression of
growth factor.

For the process of CRF, we observed loss of a large
number of renal tubular epithelial cells, renal interstitial
fibrosis, BUN and Cr levels are significantly higher than
normal at 4 weeks after being fed adenine. However, at 3,
7, and 14days after ICA-treated huMSCs transplantation,
we could trace the transplanted cells localized to the site
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Fig. 8 The expression of BMP-7 and bFGF in renal tissues at 3, 7, and 14D (days) after cell transplantation was determined by qRT-PCR. All
data were expressed as mean + SD, n=3. *P <0.05 and #P <0.01 versus adenine group

of injury (kidney) and found that ICA-treated huMSCs can
be more abundant in injured renal tissues compared with
huMSCs. When huMSCs arrived at the damaged area, the
structural recovery of the kidney and the regeneration of
renal tubule cells can accelerate. These lines of evidence
suggest that the transfused ICA-treated huMSCs could
preferentially migrate to injured renal tissues and improve
renal functions in CRF rats.

The mechanism of huMSCs transplantation for the treat-
ment of CRF is related to oxidative damage, inflammation,
and growth factor secretion [4]. SOD has been considered
as one of the major indicators for oxidative damage. We
found that the SOD levels significantly increased at 7 and
14days after ICA-treated huMSCs transplantation. MSCs
were reported to be involved in regulating the expression
of pro-inflammatory cytokines (e.g., IL-6, TNF-a) and anti-
inflammatory cytokines (e.g., IL-10) [24]. In our study,
we found that ICA-treated huMSCs can reduce the inflam-
matory responses by decreasing the secretion of IL-6 and
TNF-a, at the same time increasing the secretion of IL-10.
Moreover, the growth factor BMP-7 and bFGF are benefi-
cial to the renal tissue regeneration and repair [25, 26]. The
result showed that ICA-treated huMSCs can up-regulate the
expression levels of BMP-7 and bFGF in CREF rats. This
was consistent with our finding that ICA-treated huMSCs
have obvious therapeutic effects on renal function, thereby
indicating that the above three mechanisms are effective.

There are several limitations in our study. Most impor-
tantly, although we showed that the transferred cells were
localized at the injured kidney tissues, we did not deline-
ate the interactions between transferred cells and renal
cells. The precise mechanisms of how the transferred cells
migrate to the damaged area should be evaluated in future
experiments. It is with regret that we could not find all the
significant differences between the ICA-treated huMSCs
and huMSCs group concerning the mechanism of oxida-
tive damage, inflammation, and growth factor secretion.

For these reasons, we will improve our treatment of chronic
renal failure in the future.

Conclusions

Our results demonstrate that the transfused ICA-treated
huMSCs could preferentially migrate to injured renal tis-
sues, promote renal cell regeneration and growth fac-
tor secretion, inhibit oxidative damage and inflammatory
responses, and improve renal functions. These findings
suggest that huMSCs combined with ICA may be a useful
approach in the treatment of chronic renal failure.
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