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TH1/TH2 PATTERN OF RENAL TISSUES IN ACUTE AND CHRONIC ANIMAL
MODELS TREATED WITH MESENCHYMAL STEM CELLS

Padrdo TH1/TH2 em tecidos renais de modelos agudo e cronico tratados
com células-tronco mesenquimais

Patricia Semedo’, Carolina Gardini Palasio’, Cassiano Donizetti Oliveira’ , Carla Quarim Feitoza’,
Giselle Martins Gongalves', Pamella Mei Wang', Marcos Antonio Cenedeze’, Vicente de PaulaTeixeira?,
Marlene Antdénia dos Reis? Alvaro Pacheco-Silva', Niels Olsen Saraiva Cdmara'?

ABSTRACT

Mesenchymal stem cell (MSC) therapy is a promising new therapy for kidney diseases. Many authors have been demonstrated that the
MSC treatment leads to N improvement of the renal function in acute damaged models. However, the way it works still remains elusive.
Purpose: To evaluate whether the renal protection provided by MSC administration seen in acute and chronic renal remnant damaged
models involves modulation of the inflammation. Methods: MSC were attained from bone marrow of male Wistar rats. Female Wistar were
subjected to ischemia-reperfusion damage by clamping renal pedicles for 1 hour. After a 6h reperfusion, 2.10° MSC were administrated i.v.
in the chronic model. The nephrectomy models 5/6 were treated with 1.10° MSC administered i.v. after two weeks. Results: After a 24h
reperfusion, MSC-treated animals presented a significant improvement of the renal function associated to decreased levels of IL-1p, IL-6
and TNF-a gene expression. Interestingly, the IL-4 mRNA expression increased in parallel. Furthermore, a higher expression of PCNA
and an increase in the Bcl2/Bad ratio were seen in kidney tissues of MSC-treated animals. In the remnant model, this modulation in the
cytokine pattern was sustained, despite a lack of amelioration of the renal dysfunction. Moreover, the expressions of TGF-f, MMP-9,
TIMP-1 and Smad7 were not altered, although PAI-1 was significantly decreased. Conclusion: MSC therapy can indeed modulate the
inflammatory response following acute and chronic renal injuries, accelerating the tubular repair; however, long-term outcomes seem not
to be halted by this therapy.
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to a high mortality. ARF is mainly due to ischemic or toxic renal
injuries. Pathogenesis of such disorder goes further than the
interplay between vascular and tubular factors. Also, there is an
important role of the endothelium and the immune response, since
ARF is considered an inflammatory event."* During ischemia
and reperfusion injury (IRI), renal endothelium and parenchymal
cells secrete pro-inflammatory cytokines (TNF-a, IL-1, IL-6),
chemokines and also activating the complementary pathway leading
to an amplification of the inflammatory processes.** These end-
products associated to the generated reactive oxygen species (ROS)
up-regulate the expression of adhesion molecules, such as [CAM,
VCAM and P-selectin, promoting the recruitment of leukocytes into
the tissue.® These cells can further secrete cytokines and sustain
this inflammatory loop.

Injured tubular cells that do not die or detach from the basement
membrane are thought to contribute to the tubular epithelium
regeneration and to the overall renal function restoration.
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Up-regulation of genes, protein synthesis, and the entry into the cell
cycle are necessary to the cell repairing, migration, and proliferation
involved in the renal regeneration process.”!

Regeneration process is not a synonymous of tubular repair. The
parenchyma has also an important role in this process. Initially,
after an injury, myofibroblasts produce matrix metalloproteinases
(MMP) that disrupt the basement membrane, allowing the efficient
recruitment of inflammatory cells into the site of injury. By the
action of pro-fibrotic cytokines such as TGF-3, myofibroblasts
produce extracellular matrix components and they migrate to
the injured site. The origin of those cells is still controversy; they
can be derived from local mesenchymal cells recruited from the
bone marrow (also named fibrocytes), or derived by epithelial-
mesenchymal transition (EMT)."

The mesenchymal stem cell (MSC), other population of the bone
marrow stem cell resident, seems to play a role by protecting these
events along the renal IRI. First described by Friedenstein'?, the
International Society for Cellular Therapy has defined MSC by
three criteria':

1. MSC must be plastic-adherent when maintained in standard
culture conditions.

2. MSC must express CD105, CD73 and CD90, and lack expression
of CD45, CD34, CD14 or CD11b, CD79alpha or CD19 and HLA-
DR surface molecules.

3. MSC must differentiate from in vitro osteoblasts, adipocytes
and chondroblasts.

Many studies have shown that the MSC therapy leads to an early
recovery from acute kidney injury.'*?' However, there is not a
consensus on how these MSC work on this disorder. Some studies
indicate that MSC can differentiate into small numbers of tubular
epithelial cells, peritubular vascular endothelial cells, or both.
Female mouse kidney recipients of male bone marrow grafts
showed co-localization of Y-chromosomes and tubular epithelial
markers.? In addition, injection of MSC of male bone marrow origin
remarkably protected cisplatin-treated syngeneic female mice from
renal function impairment and severe tubular injury. During such
repair, MSC engrafted the damaged kidney and differentiated into
tubular epithelial cells."”

However, the demonstration that MSC can actually take the place
of the injured tubular cells has not been confirmed by different
investigators using different experimental models.'>'¢1*21: One
interesting possibility is that the BMSC secrete factors that can
augment the capacity of resident renal stem cells to proliferate and
entering the tubule during the repair process, or can prevent the
tubular cell death and/or enhance proliferation by an endocrine
effect on the tubular cell itself, or, finally, it can promote the
suppression of the inflammatory responses. In such sense, MSC
are able to suppress the activity of a broad range of immune cells,
including T cells, antigen-presenting cells, natural killer (NK)
cells and B cells. Added to this, MSC secrete several growth
factors, mainly the TGF-f3 and Wnt proteins, which are important
for their development and maintenance, and for nephrogenesis.**-
2” MSC may use different mechanism to repair a tissue, and this
could be crucial when considering the complex pathophysiology
of almost all diseases.®

The long-term consequences of an ischemia can irreversibly
damage kidneys. Cellular infiltration, extracellular matrix changes,
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cell turnover and immune response are worsened after a long
regeneration period in ischemic kidneys.? Indeed, one single
episode of severe warm ischemic injury to the kidney is associated
to significant long-term kidney inflammation, and particularly
CD4+ T cells infiltration.?® Thus, IRI should be considered a
continuous inflammatory condition that can ultimately promote
tissue fibrosis.

So far, these works of MSC on renal IRI had focused on acute
events, with few of them showing long-term outcomes after the
initial acute injury. Herein, we aimed to exploit the modulator role
of MSC in early stages of an acute phase of renal injury combined
with the role in the long-term phase of a chronic model.

MATERIALS AND METHODS
Isolation and characterization of mesenchymal stem cells

Whole bone marrow was collected from limb bones of male
Wistar-EPM rats, with weights ranging from 180g to 250g. Animals
were sacrificed with lethally anesthetic doses in accordance to a
protocol approved by the Universidade Federal de Sdo Paulo —
UNIFESP (CEP: 0210-2006 and 0179-2007). A density gradient
was used to isolate blood mononuclear fraction of whole bone
marrow. These isolated cells were cultured at DMEM-low glucose
(Invitrogen, Carlsbad, USA), 10% FBS (Cultilab, Campinas,
Brazil) and antibiotics (Invitrogen, Carlsbad, USA). Flow
cytometry analysis (FACS Canto, Becton Dickinson, San Jose,
USA) were done for CD73, CD45, CD31, CD29, CD44 and CD90
molecules (all purchased from BD Biosciences Pharmingen, USA).
The differentiation potential was examined by culturing these
cells under favorable conditions for adipogenic and osteogenic
differentiation, as previously described.”

Ischemia-Reperfusion model

IRI was induced in anesthetized (ketamine/xylazine) adult
females Wistar-EPM rats, with weights ranging from 250 to 300g,
by bilateral clamping of the renal pedicles with nontraumatic
microaneurysm clamps for 60 minutes (Rocca, Sdo Paulo, Brazil).
After the clamps were removed, reperfusion of the kidneys
was visually confirmed. 6 hours after the injury, MSC were
administered by i.v. injections of 2 x 10° cells per animal. There
were 3 groups in each time point: (1) IRI 24 and 48h: animals
were subjected to injury and sacrificed after a 24 and 48 hours
reperfusion, (2) IRI 24 and 48h MSC animals were subjected to
injury, and after 6 hours, the MSC was i.v. administered. (3) IRI
sham: each animal was subjected to surgery without clamping the
pedicles. Blood was collected to determine the plasma creatinine
and urea before surgery and after reperfusion. Kidneys were
colleted for immunohistochemistry and qRT-PCR.

Remnant kidney model

Under anesthesia, adult female Wistar-EPM rats (200-250g)
underwent 5/6 nephrectomy (5/6 Nx) by selective infarction of
approximately two-thirds of the left kidney by ligation of two
or three branches of the renal artery. After two weeks, the right
kidney was the removed. Every two weeks animals were submitted
to metabolic cage and 24h urine was colleted for the proteinuria
measurement. Two weeks after the last surgery, about 1x10°MSC
were intravenously administered per animal. After 8§ and 12
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weeks after administering MSC, animals were sacrificed. Blood
was collected from rats to determine the before surgery plasma
creatinine and urea, as well as on weeks two and eight after the
first surgery and at the day of the sacrifice (12 wks). Kidneys were
colleted to immunohistochemistry and qRT-PCR.

Functional analyses

Serum and urine creatinine were determined by a colorimetric method
based on the Jaffe” reaction. A Labstest Kit measured the serum
urea and protein level of the urine, according to the manufacturer’s
recommendations. (Labtest, Lagoa Santa, MG, Brazil).

gRT-PCR

Total RNA was isolated from whole kidneys with TRIzol Reagent
(Life Technologies, Carlsbald, USA). Contaminated genomic
DNA was removed using RNase-free deoxyribonuclease, DNase
I (Amersham, Upsala, Sweden). Reverse transcriptase reaction
was performed using M-MLV (Promega, Madison, USA). qRT-
PCR was carried out using ABI PRISM 7300 Sequence Detector
(Applied Biosystems, Foster City, USA), using TagMan (Applied
Biosystems, Foster City, USA) for HPRT, IL-1f, IL-4, IL-6, IL-10
and TNF following the manufacturer’s recommendations. Also,
some primers for rat were synthesized for MCP-1, TGFf, PAI-1
and Smad7 amplification. Primers were designed to amplify
an 80—120-bp fragment with 50°-65°C annealing temperature.
The total volume of each reaction was 10 pl, containing 10
uM forward and 10uM reverse primer, and 2 pg of cDNA.
Appropriate negative controls were run for each reaction. All
reactions were triplicate. Sequences of rat primers were as
follows: MCP-1: forward 5’AAGAGAATCACCAGCAGCAGGT3’
and reverse 5 TTCTGGACCCATTCCTTATTGG 3’, TGFp:
forward 5° TCAGTCCCAAACGTCGAGGT 3" and reverse
5" TCAGTCCCAAACGTCGAGGT 3, PAI-1: forward
5"GACTGACATCTTCAGCTCAACCC3’ and reverse
5" TCACCTCGATCTTGACCTTTTGT3’, and Smad7:
forward 5 GTGCAACCCCATCACCTTA 3" and reverse 5’
GGACAGTCTGCAGTTGGTTTGA 3".

PCNA Immunohistochemistry

Kidneys were formalin-fixed and embedded in paraffin. Sections
were de-paraffinized, submitted to antigen retrieval (10mmol/L
citrate buffer, pH 6.0) and quenched for endogenous peroxidase (with
3%H,0,). Antibody against PCNA (Dako EPOS) was used, following
the manufacturer’s instruction as to the staining procedure.

Statistical analysis

Data are expressed as mean £SD, and were analyzed by ANOVA for
multiple comparison or Student t test using Prism software (Graph Pad,
San Diego, USA). P values < 0.05 were considered significant.

RESULTS

MSC isolation, differentiation and immune phenotype
MSC from tibia and femur of male Wistar-EPM rats were isolated by
gradient density and then maintained in culture for just 5 passages.
They are fibroblast-like in appearance (data not shown). Cell surface
immune phenotype showed they were positive for CD44, CD73,
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CD29 and CD90 and negative for CD31 and CD45 (Figure 1),
similar to the results attained by other authors. "3 Also, to further
characterize as MSC, they were cultured on specific medium that
allowed adipogenic or osteogenic differentiation.

Figure 1: Rat mesenchymal stem cell (RMSC) submitted to citometry
analyses. RMSC were treated with trypsine and incubated with cell surface
markers labeled with FITC or PE. After 30minutes, cells were analyzed using
a FACS-Calibur (BD. A RMSC positive labeled for CD44- B RMSC positive
labeled for CD73. C RMSC positive labeled for CD29 D RMSC negative
labeled for CD45 E RMSC negative labeled for CD31 and F: RMSC positive
labeled for CD90.
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SHORT-TERM OUTCOMES OF THERAPY WITH MSC

Administration of MSC was performed after 6h reperfusion, since
MSC must migrate to the injury site driven by an unknown stimulus.
6h hour after reperfusion, the serum creatinine and serum urea
levels were higher compared to basal levels (Figure 2 C and D),
but they were similar between groups treated with saline and with
MSC. As previous works have already shown, renal function of
animals subjected to IRI and treated with MSC presented the lowest
serum creatinine and urea levels compared to non-treated animals
(Figure 2). More importantly, the effects of MSC administration
were sustained even 48 hours after reperfusion (Figure 2D).

Figure 2: Serum creatinine and urea level after 24 and 48h of reperfusion.
A. Serum creatinine after 24h of reperfusion and. (B) Serum urea level. C.
Serum creatinine after 48h of reperfusion and serum urea level (D). Data
expressed as mean + SD and P, statistical difference.
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Next, the expression of some cytokines in the whole kidney was
assessed. It is well established that IRI is an inflammatory syndrome
where Thl-related cytokines play a detrimental role, while Th2-
prone cytokines have a relative protective function. Analyzing
all cytokines at 24 hours, we saw that IL-4 and IL-10 two anti-
inflammatory cytokines, were highly expressed in MSC-treated
animals compared to control animals. At 48 hours, such panel has
changed, and the levels of both molecules were down regulated.
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Instead, IL-6 and TNF-a mRNA were over expressed in MSC
treated animals and those not treated at all (Figure 3A and B).
However, the TNF-a expression in MSC-treated animals was lower
compared to non-treated ones, with no statistical significance.

Figure 3: Gene expression in IR kidney of MSC treated and non-treated
animals, generated by referencing each gene to HPRT as an internal
control. MSC administration 24h (IRMSC) after reperfusion significantly
reduces IL-1b, IL-6 and TNF at kidney compared to non-treated animals.
On the other hand, there is an increasing expression of IL.-4 and TNF, but
they are not significantly statistic, comparing to non-treated animals (A).
Cytokines expression at kidney after 48h of reperfusion at sham, non-treated
animals (IR) and 6h after reperfusion MSC-treated animal (IRMSC) (B). Data
expressed as mean of AACt normalized with a control animal + SD and P,
statistical difference.
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Despite the treatment, tubular cells regenerate after an ischemic
injury. Such tubular regeneration can be demonstrated by the
quantification of the proliferating cell nuclear antigen (PCNA) by
immunohistochemistry. Our data demonstrated that MSC-treated
animals presented an enhanced PCNA-positive cells compared
to controls mainly 24 hours after reperfusion (IRI MSC-treated:
0.33% of stained nuclei per total area vs. IRI saline-treated: 0.12%
of stained nuclei) (Figure 4A). Furthermore, we choose to quantify
the apoptosis rate in ischemic kidneys in animals treated or not
with MSC. This additional study will complement data attained
with PCNA. Next, we amplified the mRNA of an anti-apoptotic,
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Bcl-2, and a pro-apoptotic bad molecule, and hope to demonstrate a
susceptibility or a resistance to programmed cell death in our study.
After a 24 hours reperfusion, MSC-treated animals had higher ratio
of Bcl2/Bad compared to non-treated ones, demonstrating the anti-
apoptotic action of this therapy (Figure 4B)

Figure 4: PCNA immunohistochemistry of kidney after 24h of reperfusion.
(A) Percentage of stained nuclei at total area of tissue. We observed
more nuclei stained at MSC treated animal than in non-treated animal. (B)
Comparison of Bcl2 and Bad ratio. Bel2/Bad is more preeminent at 24h
MSC-treated than in non-treated animals. Data expressed as mean + SD.

A  PCNAIndex per total area
0.45+ *
0.404
0354
0304
o 0257
" 0.20- %
0.154
0.104
0.054
0.00-
IR IR24h
B R
Il RMSC
1.75
1.50 1
T1.254
Q
N 1.00 4
[X]
o
©0.75
& 0.50-
0.25-
0.00
24h 48h

Long-term outcomes of a therapy with MSC

Renal fibrosis is a final pathway of end-stage renal diseases (ESRD),
affecting the interstitial vessels and glomeruli. Unfortunately, no
single animal model can reproduce all features seen in humans.
We studied a remnant model that provides glomerulosclerosis and
interstitial fibrosis in a comparable extension.*?

Therefore, we studied the effects of MSC in the remnant model
animal. We observed higher serum creatinine levels in non-
treated animals and in MSC-treated animals after 12 weeks of
MSC administration, compared to sham-operated animals (Figure
5A). Total protein excretion at 24h-urine normalized to urinary
creatinine showed that more proteins were excreted in non-treated
animals than in MSC-treated animal (Figure 5B).

Once again, we quantified pro-inflammatory cytokines hoping
to visualize mechanisms behind the effect of the MSC therapy.
The cytokines profile in the remnant model showed that 1L-4
expression levels increased, while IL-1B levels decreased in the
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MSC-treated animals compared to non-treated animals (Figure
6A). MCP-1, TGF, Smad7 and PAI-1 mRNA tended to decrease
in the MSC-treated animal (Figure 6B). Only PAI-1 RNAm
expression decreases at MSC-treated animal in a significant way.
The expression of metalloproteinase 9 and its inhibitor (TIMP-1)
were presented at a reduced level in the MSC-treated animals.

Figure 5: A: Serum creatinine level of 5/6 nephrectomized rats at day O, after
2 weeks and 12 weeks. Nx is the animal subjected to 5/6 nephrectomy
surgery. Nx MSC is the animal subjected to surgery with MSC intravenously
administrated after two weeks of established model. Data expressed as
mean = SD and P, statistical difference. Protein level at 24h urine at B,
analyzed each 2 week. Protein levels are presented normalized with urinary
creatinine. We can observe that the remnant model leads to increase of
proteinuria, and MSC treatment decreases this ratio at 12 weeks. Data
expressed as ratio of urinary 24h protein/ urinary creatinine.
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Figure 6: A: IL-1B and IL-4 expression at 5/6 nephrectomized kidney. There
is a higher IL-4 expression and lower IL-1B expression at MSC-treated
animals (Nx MSC) comparing to non-treated animals (Nx). Cytokine profile
was generated by referencing each gene to HPRT as an internal control.
Data expressed as mean of AACt normalized with a control animal + SD
and P, statistical difference. B: Expression profile of MCP-1, TGFB, Smad7
and PAI-1 at whole kidney of remnant model animals. There is a tendency
to decrease MCP-1, TGF and Smad7 but the only one with statistically
difference between MSC-treated and non-treated was PAI-1 expression.
Cytokine profile was generated by referencing each gene to HPRT as an
internal control. Data expressed as mean of AACt normalized with a control
animal + SD and P, statistical difference. C: Matrix remodeling molecules
expression MMP-9 and its inhibitor, TIMP-1. No significant differences were
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observed. It seems that MMP-9 and TIMP-1 are less expressed at kidney
from MSC treated animal (Nx MSC). Cytokine profile was generated by
referencing each gene to HPRT as an internal control. Data expressed as
mean of AACt + SD, normalized with a control animal.

g 4 A *
7 - L # Esham
R CINx
5 _ * I Nx MSC
g4 t
< 3
2
] =|
0 - -
IL-1 IL-4
12weeks Nx
B E=sham
15 -
CINx
[ Il Nx MSC
10
s}
< *
<
5 *
MCP.-1 TGF Smad7 PAI-1
12weeks Nx
E=sham
CINx
ENXx MSC
12 c T
1 ‘
10 - —
9 4
8 o
5 1
g 671
< 5 4
4
3 £
2 %
1
o [ |_- :
MMP-9 TIMP-1
12weeks Nx
DISCUSSION

Acute renal failure is a common disease that unfortunately is
still related to high mortality (~50%). Critical care patients and
transplanted recipients are the most affected with this disorder. Once
an ischemic event occurs, it seems that whenever inflammatory
stimuli persist, they may lead to fibrosis.
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Initially, we performed some studies to demonstrate that our
population of adherent cells was indeed MSC. The immune
phenotype of some surface cell markers and the differentiation
for adipocyte and osteocyte are the gold-standard experiments to
characterize MSC. MSC must be negative for CD45 and CD3l,
excluding contamination with leukocytes and epithelial population,
as we observed. Moreover, MSC must differentiate from other cell
line, indicating the most important MSC property that is the ability
to generate other kind of cell. Pictures showed here prove that the
cells used in the therapy were MSC.

The MSC administration in ischemic animals reduced the renal
function impairment. These data were in agreement with what it was
described in the literature.'*'* Nevertheless, the mechanism involved
in such protection is still uncertain. In our study, we exploited the
immunomodulatory capacity of MSC in reversing the immune
response triggered by IRI. Our initial results showed that MSC
induced a higher anti-inflammatory cytokines expression (IL-4
and IL-10) after acute and down-regulation of pro-inflammatory
cytokines expression such as [L-1p and TNF-o..

Interleukin 6 (IL-6) is a pleiotropic cytokine released after an organ
injury. Moreover, increased expression of IL-6 was also observed
in the kidney following whole body IRI.3* IL-6 stimulates the
tubular regeneration after glycerol-induced ARF and increases
the expression of c-met in the renal cortex. MSC seems to produce
IL-6 themselves (data not show). So the increased IL-6 expression
should be due to the MSC presence, together with the expression
induced by the injury. At early points, such expression does not seem
to be deleterious, but IL-6 can counteract a possible anti-fibrotic
effect of the MSC.

IL-1 receptor-null mice, although equally susceptible to IR, exhibited
a fast return of renal function following ischemia. These results
suggest that IL-1 plays a negative role in repairing the renal function.**
By down regulating the IL1B, the MSC treatment should act to
accelerate the after injury regeneration phase. This is corroborated by
the higher expression of PCNA, analyzed by immunohistochemistry,
and the higher ratio of BC12/Bad at MSC treated animals.

In the remnant model, IL-1 RNAm expression was reduced in
the MSC-treated animals after 12 weeks in only one MSC shot,
while IL-4 was increased. This modulator cytokines expression
in a renal model of glomerulosclerosis and tubule-interstitial —
the remnant model - may have two sides: it should modulate the
inflammation, leading to an anti-inflammatory picture; also, the
TH1/TH2 balance can be related to the matrix remodeling. So,
the TH2 (IL-4) responses could activate collagen deposition, and
THI (IL-1) could inhibits this process.**5 In our data, we showed
an augmentation of the Th2 cytokines and a decrease in the Thl-
related one. When putting all results together, these effects did not
lead to an amelioration of the renal function parameters. Despite
the MSC administration, fibrosis was not reduced. We assume that
although beneficial at early stages of acute injury, the persistence
of higher levels of Th2 cytokines might promote fibrosis in a
microenvironment prone to it.

So, we analyze some molecules present at fibrosis cascade. It seems
that MSC in this model do not interfere in the fibrosis cascade
(Figure 7B and C), although there was a trend to decrease with no
statistical significance. We analyzed the MCP-1, Smad7, TGF-f and
PAI-1, which corresponded to a broad range of molecules involved
in fibrogenesis. Monocyte chemoattractant protein-1 (MCP-1) is
a potent macrophage recruitment stimulator.’* MCP-1 is present
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during the crescent formation and development of interstitial
fibrosis, indicating that added to the recruiting inflammatory
cells, this chemokine is critically involved in irreversible tissue
damages. Transforming growth factor-beta (TGF-p), a prototype
of multifunctional cytokine, is a key-regulator of the extracellular
matrix (ECM) assembly and remodeling. Smad7 has been identified
as a negative regulator of TGF-p/Smad signaling that is responsive to
TGF-p itself, presumably as part of a self-inhibitory feedback loop,
and to factors known to antagonize TGF-B’s activities including
TNF-o and IFN-y. Our results demonstrated that TGF- was only
marginally reduced with no modification of the Smad-7 levels.

The MSC treatment in the remnant model did not halt or reverse
the fibrosis. Only the PAI-1 RNAm expression was significantly
reduced. PAI-1 modulates scarring in a complex manner, including
effects on cell migration, matrix turnover, and macrophage
infiltration.’” It appears that the PAI-1 expression may be induced
at several steps along this pathway by the renin, angiotensin II,
angiotensin IV, and aldosterone. Since the remnant model leads
to an increase in the blood pressure, PAI-1 is expressed in non-
treated kidney animals as well. The MSC administration leads to a
decreased expression in the PAI-1, despite there were no differences
in the blood pressure of these animals (data not shown). Somehow,
MSC should modulate PAI-1 RNAm expression.

The T helper 1 (T, 1)-cell cytokine interferon-y (IFN-y) directly
suppresses the collagen synthesis by fibroblasts. This is accomplished
by regulating the balance of the matrix metalloproteinase (MMP)
and the tissue inhibitor of the matrix metalloproteinase (TIMP)
expression, thereby controlling the collagen degradation and
synthesis rates, respectively.** Our results showed an increased
TIMP-1 RNAm expression in non-treated and MSC-treated
animal’s expression compared to saline-treated animals. An
unbalanced picture was formed: more inhibitor TIMP-1 RNAm
was expressed than MMP-9.

MSC has a great potential in several experimental disease models,
although the mechanism of action is still being discussed. Our data
support a paracrine effect where the immunomodulatory ability of
MSC favored a Th2 immune response. This is important, since the
early inflammation is important to the tissue fibrosis development.
It is worth to mention that MSC are cells prone to differentiate
in mesenchymal tissue, namely, fibroblasts, for instance. If the
inflammation persists, it can be expected an increase in fibrosis if
the MSC are influenced by the microenvironment. Although the
overall level of some pro-inflammatory cytokines decreased, the
functional parameters and gene transcripts do not demonstrate a
benefit of this treatment in chronic related models.

RESUMO

A utilizag@o das células-tronco surge como uma nova terapia para doengas renais. Em modelos animais agudos, o tratamento com células-
tronco melhora a fungéo renal. Porém, o mecanismo envolvido nesse processo ainda é desconhecido. Objetivo: Avaliar se a protecdo renal
apos a administragdo de células-tronco decorre da modulagdo de padrdes inflamatérios. Métodos: Células-tronco mesenquimais foram
isoladas das medula dsseas de ratos Wistar-EPM. O modelo de isquemia e reperfusio foi realizado através do clampeamento bilateral dos
pediculos renais por 1h. Apds 6h de reperfusdo, foram administradas aos animais 2.10° de células-tronco endovenosamente. Nos modelos
de nefrectomia 5/6, os animais foram tratados apds 2 semanas com 1.10° de células-tronco iv. Resultados: Apos 24 e 48h de reperfusdo,
os animais tratados apresentaram melhora na fun¢do renal no modelo agudo, que se associou a uma reducéo na expressdo do RNAm de
IL1B, IL-6 e TNF no tecido renal e aumento dos niveis de IL-4. A expressdo de PCNA e a relacdo BC12/Bad estavam maiores nos animais
tratados. No modelo cronico, a modulagdo das citocinas IL13 e IL4 se mantiveram, apesar de ndo haver melhora funcional. A expressdo de
RNAm de TGFp e Smad7, assim como de MMP-9 e TIMP-1 ndo se mostraram diferentes dos animais tratados, entretanto PAI-1 mostrou-se
significante reduzido. Concluséo: A terapia com Células-tronco mesenquimais realmente modula a resposta inflamatoria tanto em modelos
renais agudos como em cronicos, possivelmente acelerando o reparo tubular. Porém, a longo prazo, outros pardmetros como fibrose, ndo
se mostram alterados pela terapia.

Palavras-Chave: Transplante de Células-Tronco Mesenquimais; Insuficiéncia Renal Cronica.
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