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Abstract

Background/Aims: It has been shown that blockade of TGF-
B1 signaling with Smad7 prevents experimental peritoneal
fibrosis. The present study investigated whether Smad7 has
a therapeutic effect on established peritoneal fibrosis asso-
ciated with peritoneal dialysis (PD). Methods: A rat model of
peritoneal fibrosis was induced by a daily intraperitoneal in-
fusion of 4.25% Dianeal. After peritoneal fibrosis had been
established on day 14, groups of 6 rats were treated intra-
peritoneally with gene transfer of Smad7 or control plasmids
using an ultrasound-microbubble-mediated system for 2
weeks until day 28.1n addition, a group of 6 diseased rats was
euthanized on day 14 before treatment as the basal disease
control. Results: Compared to the control-treatment ani-
mals on day 28, real-time PCR, Western blot, and confocal
microscopy revealed that Smad7 gene transfer significantly
attenuated the increased peritoneal fibrosis including the
thickening of fibrotic peritoneum, accumulation of a-SMA
and collagen |, and an improvement in peritoneal dysfunc-

tion (all p < 0.05). Importantly, Smad7 treatment also im-
proved the severity of peritoneal fibrosis and functional
impairment when compared to those on day 14 before treat-
ment (all p < 0.05). Inhibition of the established peritoneal
fibrosis by Smad7 was associated with an abrogation of TGF-
B signaling and upregulation of TGF-B1 and PAI-1. Conclu-
sions: Smad7 gene therapy is able to inhibit established
peritoneal fibrosis in a rat model of PD. Results from this
study suggest that Smad7 may be a therapeutic agent for
the treatment of peritoneal fibrosis associated with PD.
Copyright © 2009 S. Karger AG, Basel

Introduction

Continuous ambulatory peritoneal dialysis (CAPD) is
an attractive option for the treatment of patients with
end-stage renal disease. However, peritoneal fibrosis in-
duced by the recurrent peritonitis and hyperglycemic di-
alysis solutions ultimately results in ultrafiltration failure
and therefore limits the use of CAPD as renal replace-
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ment therapy [1-4]. Thus, it is important to develop new
therapeutic strategies by specifically targeting mediators
or pathways responsible for peritoneal fibrosis.

Increasing evidence has shown that transforming
growth factor (TGF)-p is a key mediator of experimental
and human peritoneal fibrosis associated with peritoneal
dialysis (PD) [5]. In vitro, peritoneal mesothelial cells are
the major source of TGF-B1 production in response to
high glucose, which leads to extracellular matrix (ECM)
accumulation by increasing the synthesis of ECM pro-
teins while reducing their degradation [6, 7]. In long-term
CAPD patients, the concentrations of TGF-{31 in PD ef-
fluents are significantly elevated, particularly in those
with peritonitis [8, 9]. Direct evidence for the pathogenic
role of TGF-3 comes from the finding that peritoneal fi-
brosis can be induced by the deliberate overexpression of
TGEF-B1 after adenovirus-mediated gene transfer in rats
[10, 11].

Recent studies have suggested a pivotal role for Smads
as intracellular effector molecules of the TGF- family
members. TGF-3 induces fibrosis through activation of
the downstream signaling pathway such as Smad2/3 [12].
In addition, activation of TGF-f signaling can also result
in the expression of inhibitory Smads including Smad?7,
which inhibits Smad2/3 phosphorylation by blocking
their access to TGF-{3 receptors or causing degradation
of TGE-f receptors via a negative feedback mechanism
[13]. Thus, overexpression of Smad7 can inhibit TGF-[3-
induced Smad2/3 activation and fibrosis in vitro in renal
tubular epithelial cells and mesangial cells, and in vivo in
a number of kidney disease models including obstructive
and remnant kidney disease [14-18] and autoimmune ne-
phritis [19]. Furthermore, we and other investigators have
also shown that overexpression of peritoneal Smad7 is
capable of inhibiting peritoneal fibrosis and inflamma-
tion induced by chronic PD in both uremic and non-ure-
mic rats [20-22]. However, it remains unknown whether
blockade of TGF-B/Smad signaling with Smad7 has a
therapeutic effect on the established peritoneal fibrosis,
which was investigated in the present study in an estab-
lished rat model of PD.

Materials and Methods

Ultrasound-Mediated Gene Transfer of Inducible Smad7 Gene

into the Peritoneum

An endotoxin-free, flag-tagged pTRE-m2Smad?7 plasmid and
an improved pEFpurop-Tet-on plasmid were prepared using the
Qiagen plasmid mega kit (Qiagen Inc., Valencia, Calif., USA) and

Smad?7 Inhibits Established Peritoneal
Fibrosis in Rats

were mixed with Sonovue (echocardiographic contrast micro-
bubble; Bracco s.p.a., Milan, Italy) at a ratio of 1:1 (v/v) as de-
scribed previously [21, 22]. Following the established protocol of
gene transfer of inducible Smad7 into the peritoneal cavity [21,
22], the mixed solution containing 900 g of designated plasmids
in a total volume of 6 ml was injected into the abdominal cavity.
Immediately after injection, the ultrasound transducer (Ultax,
Fysiomed Sonicl5, Belgium) was directly applied to the abdomi-
nal skin surface coated with the ultrasound media with a con-
tinuous wave output of 1 MHz at 10% power output for a total of
10 min. Then the animal was turned over and treated with the
ultrasound again for another 10 min. The same procedure was
also applied to the control animals that received the mixed solu-
tion containing the same amount of empty control plasmids
(pTRE and Tet-on).

Animal Model

Ananimal model of PD associated with peritoneal fibrosis was
induced following the established protocol as described previous-
ly [21, 22]. Briefly, 18 male Sprague-Dawley rats, weighing 160-
170 g, were treated with daily intraperitoneal injection of 4.25%
Dianeal (Baxter Healthcare, Deerfield, Ill., USA) at a dose of 100
ml/kg and lipopolysaccharide (LPS; Sigma, St. Louis, Mo., USA)
ata dose of 0.6 mg/kg in a 3-day interval over a period of 14 days.
All animals were randomly allocated into 3 groups (n = 6 rats in
each group) on day 14 as: (1) a disease model group on day 14
(PD14); (2) an empty vector-control group on day 28 (VC), and (3)
a Smad7-treated group on day 28 (Smad7). Rats in the disease
model group (PD14) were euthanized on day 14 as the basal dis-
ease control before treatment. In the Smad7-treated group, rats
were treated with a mixture of pTRE-m2Smad7/pEFpurop-Tet-on
plasmids plus Sonovue followed immediately by ultrasound irra-
diation as described above. The same procedure was applied to
the vector control-treated animals, except for substitution of
PTRE-m2Smad7 with empty vectors. To induce Smad7 transgene
expression, 1 ml of doxycycline (Sigma) at a concentration of 200
wg/ml was administered into the abdominal cavity in both con-
trol and Smad7-treated animals immediately after ultrasound-
microbubble gene transfer, followed by the addition of doxycy-
cline in the daily drinking water (200 wg/ml) for 14 days until
being euthanized on day 28. In addition, a group of 6 age-matched
normal rats was used as a normal control.

Assessment of the Smad7 Gene Transfection Rate

To determine the Smad7 gene transfection rate in the fibrotic
peritoneum after PD, 30 additional rats treated with 4.25% Dia-
neal and LPS for 14 days were transfected with the mixture solu-
tion of the Flag-tagged-pTRE-m2Smad7 and Tet-on plasmids us-
ing an ultrasound-mediated technique as described previously
[21, 22]. Groups of 6 rats were sacrificed on day 14 before Smad7
gene transfer and on days 17, 21, 24, and 28 after gene transfection.
The Smad7 transfection rate and transgene expression within the
fibrotic peritoneum were examined by both immunofluorescence
and Western blot with the anti-Flag-m2 antibody (Sigma) as de-
scribed previously [21, 22].

Peritoneal Function Test

Peritoneal functional tests were performed as previously de-
scribed [21, 22]. Briefly, for the peritoneal ultrafiltration rate,
4.25% Dianeal at 0.09 ml/g body weight was administered intra-
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peritoneally to the rats before being euthanized. Four hours later,
the peritoneal fluid was removed for ultrafiltration measurement.
Net ultrafiltration was the volume of fluid removed after 4 h mi-
nus the volume of fluid administered. For glucose transportation
assay, glucose was measured by a standard enzymatic test on a
Hitachi automated chemistry analyzer (Hitachi 7170, Japan).
Mass transfer of glucose from the peritoneum was calculated us-
ing the formula: (initial dialysate glucose initial volume) - (final
dialysate glucose final volume). These values were corrected for
animal weights at the time of euthanasia.

Histology and Confocal Immunofluorescence

Four-micrometer paraffin sections from the anterior abdomi-
nal wall were stained with Masson’s trichrome. The thickness of
the peritoneal membrane was measured in sections as previously
described [22]. Each section was measured at 10 random sites. The
thickness (nm) of the peritoneum was measured in each animal
using a micrometer fitted into the eyepiece of the microscope and
expressed as the means + SD.

For confocal imaging analysis, 6-um paraffin sections were
pretreated with citrate buffer (10 mMm, pH 6.0) for 13 min at 37°C
and then incubated with the indicated antibodies at 4°C over-
night. Sections were then stained with FITC-labeled goat anti-
mouse or goat anti-rabbit antibody, mounted with a DAPI (Sigma)
nuclear stain and examined under confocal microscopy (Zeiss
LSM-510, Oberkochen, Germany). Images were taken using Zeiss
LSM-510 Confocal Imaging System.

Western Blot Analysis

Protein was extracted from frozen visceral peritoneal tissues
by homogenization in a standard lysis buffer with addition of pro-
teinase inhibitors and then transferred to a nitrocellulose mem-
brane for Western blot analysis as previously described [21, 22].
Briefly, after blocking with 5% skimmed milk, the membranes
were incubated for 1 h with the antibody to TGF-1 (Chemicon,
Temecula, Calif., USA), Smad7 (Santa Cruz Biotechnology, Santa
Cruz, Calif., USA), flag-m2 (Sigma), Smad2/3, phospho-Smad2/3
(Santa Cruz Biotechnology), a-SMA (Sigma), PAI-1 (Santa Cruz
Biotechnology), type I collagen (Santa Cruz Biotechnology), and
glyceraldehyde-3-phosphate dehydrogenase (GAPDH; Santa
Cruz Biotechnology). After washing, the membranes were incu-
bated with the secondary antibody such as peroxidase-conjugated
anti-mouse IgG or anti-rabbit IgG. The signals obtained were vi-
sualized by an enhanced chemiluminescence system (GE, Pisca-
taway, N.J., USA) and the ratio was calculated by subjecting to
GAPDH.

RT-Polymerase Chain Reaction

Total peritoneal RNA was isolated from visceral peritoneum
using Trizol Reagent (Invitrogen Life Technologies, Carlsbad, Ca-
lif.,, USA) and was reverse-transcribed using RevertAid™ First
Strand cDNA Synthesis Kit (MBI Fermentas Inc., Glen Burnie,
Md., USA) as previously described [21, 22]. Amplified cDNA was
used as the template DNA and PCR was performed with Tag DNA
polymerase (Promega, Madison, Wisc., USA) and specific prim-
ers. The primers used in this study for TGF-B1, a-SMA, collagen
I, and PAI-1 were as described previously [21]. Samples were ana-
lyzed ona 1.2% (w/v) agarose gel, visualized by ethidium bromide,
and photographed using a gel 1000 ultraviolet documentation
system (Bio-Rad, Hercules, Calif., USA). All samples were sub-
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jected to RT-PCR for housekeeping gene GAPDH for densitom-
etry.

Statistical Analyses

Data obtained from this study are expressed as means * SD.
Differences in ultrafiltration volume, mass transfer of glucose,
and peritoneal thickness, and differences in Smad7, Flag-m2, a-
SMA, TGF-B1, p-Smad2/3, type I collagen, and PAI-1 expression
within and between the groups were assessed by one-way analysis
of variance followed by a Tukey’s comparison program (a t test
between groups) from GraphPad Prism 3.0 (GraphPad Software,
San Diego, Calif., USA). A p value of <0.05 denoted the presence
of statistically significant difference.

Results

Expression of Exogenous Smad7 Transgene within the

Fibrotic Peritoneum Tissue

We have previously shown that the ultrasound-micro-
bubble mediates a high rate of gene transfection in nor-
mal peritoneal tissues [21, 22]. We now examined the ef-
ficacy of m2Smad?7 transgene expression in fibrotic peri-
toneum tissues over the period of 14-28 days after PD. As
shown in figure 1, following gene transfer on day 14, both
confocal and Western blot analyses showed that the ul-
trasound-microbubble mediated high levels of Smad7
gene transfection rate and transgene expression, result-
ing in more than 80% of peritoneal cells being Flag-m2-
positive on day 17 (fig. 1A). Similar results were also
found by Western blot with high levels of Flag-m2Smad7
protein expression (fig. 1B). This was associated with a
marked increase in total peritoneal Smad7 expression
throughout the entire disease course (fig. 1C). There was
no detectable m2Smad7 in normal peritoneal tissues and
in parenchyma tissues of liver, heart, lung, spleen, kidney;,
and gastrointestinal tissues after ultrasound-microbub-
ble-mediated gene transfer (data not shown).

Effect of Overexpression of Smad7 on Peritoneal

Histology

Morphologic changes were assessed in tissue sections
stained with Masson’s trichrome. In normal animals, the
peritoneal tissue consisted of a monolayer of mesothelial
cells and exiguity of connection tissues under the meso-
thelial layer (fig. 2A). A marked thickening of the subme-
sothelial zone with the presence of fibrosis was found on
day 14 after peritoneal infusion (fig. 2B). Animals treated
with control plasmids showed progressive thickening of
peritoneal tissues on day 28 (fig. 2C). In contrast, animals
treated with gene transfer of Smad7 exhibited a signifi-
cant reduction in peritoneal thickening when compared
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Fig. 1. Ultrasound-microbubble-mediated Smad7 transfection
rate and transgene expression in fibrotic peritoneal tissues. A
Dox-regulated flag-m2-Smad7 pTRE plasmid and a Tet-on plas-
mid (1:1) were mixed with Sonovue at a ratio of 1:1 (vol:vol) and
transfected into the diseased peritoneum on day 14 after PD by
the ultrasound-microbubble-mediated system. Smad?7 transgene
expression was detected by confocal microscope and Western blot
with the anti-Flag-M2 antibody as described in the Methods.
A Confocal microscopy shows a strong Flag-m2Smad7 expression
(green) in mesothelial cells on the peritoneal surface(s) and also
in cells in submesothelial areas on day 3 after gene transfer (day

to those on day 14 before treatment and those treated
with control plasmids on day 28, although peritoneal fi-
brosis remained apparent when compared to normal
peritoneal tissue (fig. 1D). This was confirmed by quan-
titative analysis as shown in figure 2E.

Smad?7 Inhibits Established Peritoneal
Fibrosis in Rats

17 of the PD model), accounting for up to 80% of peritoneal cells,
but this is negative in the control vector treatment. X400. B West-
ern blot analysis demonstrates Flag-m2Smad7 transgene expres-
sion over the 2-week period after gene transfer (days 14-28 of the
PD model). C Western blot analysis of total peritoneal Smad7 ex-
pression over days 14-28 after gene transfer on day 14 of the PD
model. Note that there is a minor Smad7 expression in the dis-
eased peritoneal tissues on day 14 (C), which is largely increased
after gene transfer of Smad7. Data represent the mean * SD for
groups of 6 rats. * p < 0.01 vs. day 14 group. Nuclei were counter-
stained with DAPI (red).

Overexpression of Smad7 Attenuates Progressive

Peritoneal Function Injury

As shown in figure 3, compared to normal animals,
severe peritoneal dysfunction as demonstrated by a sig-
nificant decrease in the peritoneal ultrafiltration rate and
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Fig. 2. Effect of Smad7 gene therapy on
peritoneal histology after PD examined
by Masson’s trichrome staining. X200.
A Normal control (N). B A PD rat on day
14 before gene transfer (PD14). C A PD rat
on day 28 with control vector treatment
(VC). D A PD rat on day 28 with Smad7
treatment (Smad?7). E Quantitative analy-
sis. Data represent mean * SD for groups
of 6 rats. * p < 0.01 compared to the age-
matched normal control (N); *p < 0.05
compared to both untreated PD on day 14

E Quantitative analysis

Peritoneal thickness (um)

35+
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(PD14) and vector control treatment on PD14 Smad7
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Fig. 3. Overexpression Smad7 inhibits peritoneal dysfunction.
A The ultrafiltration rate (UF). B Mass transfer of glucose (MTG).
Data represent mean * SD for groups of 6 rats.

*p <0.05 com-
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pared to the age-matched normal control (N); * p<0.05 compared
to both untreated PD on day 14 (PD14) and vector control treat-
ment on day 28 (VC).
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Fig. 4. Smad7 gene transfer inhibits «-SMA mRNA and protein
expression in a rat model of peritoneal fibrosis. N = Normal ani-
mals; PD14 = PD rats on day 14 before treatment; VC = PD rats
treated with empty plasmids on day 28; Smad7 = PD rats treated
with Smad7 gene transfer on day 28. All analyses reveal that
Smad7 treatment inhibits a-SMA mRNA and protein expression

an increase in the mass transport of glucose was found in
animals after a 14-day peritoneal infusion. Treatment
with control vectors from day 14 to 28 did not alter the
severity of peritoneal dysfunction. However, Smad7 treat-
ment significantly improved the impaired peritoneal
function when compared to those treated with control
empty vectors on day 28 (fig. 3). Interestingly, Smad7
treatment also reversed the peritoneal functional injury
when compared to diseased animals on day 14 before
treatment, but it did not recover to the normal level

(fig. 3).

Smad?7 Inhibits Established Peritoneal
Fibrosis in Rats

when compared to diseased animals on day 14 before treatment
or on day 28 after treatment. Data represent mean * SD for
groups of 6 rats. * p < 0.05 compared to the age-matched normal
control; * p <0.05 compared to both PD14 and VC animals. A RT-
PCR. B Western blot analysis. € Confocal microscopy. Nuclei are
counterstained with DAPI (red). x400.

Smad7 Gene Therapy Improves Established Peritoneal

Fibrosis

As shown in figures 4 and 5, RT-PCR, Western blot,
and confocal immunofluorescent examinations revealed
that all animals developed severe peritoneal fibrosis as
demonstrated by a significant increase in a-SMA and
collagen I mRNA and protein expression on day 14 after
PD. Consistent with changes in histology and peritoneal
function, treatment with control vectors from day 14 to
28 did not alter high levels of peritoneal a-SMA and col-
lagen I expression when compared to diseased animals
onday 14. In contrast, overexpression of peritoneal Smad7
not only attenuated upregulation of peritoneal a-SMA

Am J Nephrol 2009;30:84-94 89
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Fig. 5. Smad7 gene transfer blocks collagen I mRNA and protein
expression in a rat model of peritoneal fibrosis. N = Normal ani-
mals; PD14 = PD rats on day 14 before treatment; VC = PD rats
treated with empty plasmids on day 28; Smad7 = PD rats treated
with Smad7 gene transfer on day 28. All analyses reveal that
Smad7 treatment inhibits collagen I mRNA and protein expres-

and collagen I mRNA and protein expression compared
to diseased animals treated with control empty vectors
on day 28, but also significantly inhibited their expres-
sions when compared to those on day 14 before treatment
(fig. 4, 5). It should be pointed out that Smad7 treatment
from day 14 to 28 was unable to completely reverse up-
regulated o-SMA and collagen I when compared to the
age-matched animals (fig. 4, 5).

Mechanisms by Which Smad7 Gene Transfer Inhibits

Established Peritoneal Fibrosis

As shown in figures 6 and 7, further studies by RT-
PCR, immunohistochemistry, and Western blot analyses
demonstrated that inhibition of the established perito-
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sion when compared to diseased animals on day 14 before treat-
ment or on day 28 after treatment. Data represent mean * SD for
groups of 6 rats. * p < 0.05 compared to the age-matched normal
controls; *p < 0.05 compared to both PD14 and VC animals.
A RT-PCR. B Western blot analysis. C Confocal microscopy. Nu-
clei are counterstained with DAPI (red). x400.

neal fibrosis by overexpressing Smad7 on day 28 was as-
sociated with blockade of peritoneal TGF-B1 and PAI-1
expression when compared to both control animals on
days 14 and 28.

We have previously shown that activation of TGF-3/
Smad signaling is critical in peritoneal fibrosis and over-
expression of peritoneal Smad7 is capable of inhibiting
activation of Smad2/3 and peritoneal fibrosis [21]. Thus,
we examined whether overexpression of Smad7 is capable
of inhibiting the activated Smad2/3 by Western blot and
immunohistochemistry using the anti-phosphorylated
Smad2/3 antibody. As shown in figure 8, there was a
marked activation of Smad2/3 in the peritoneum on day
14 after dialysis fluid infusion, which remained high
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Fig. 6. Smad7 gene transfer suppresses TGF-31 I mRNA and pro-
tein expression in a rat model of peritoneal fibrosis. N = Normal
animals; PD14 = PD rats on day 14 before treatment; VC = PD rats
treated with empty plasmids on day 28; Smad7 = PD rats treated
with Smad7 gene transfer on day 28. Results show that Smad7
treatment blocks TGF-B1 mRNA and protein expression when

throughout the 28-day disease course in animals that re-
ceived control vector treatment. In contrast, Smad7 gene
transfer was able to block the activated TGF-f3/Smad sig-
naling when compared to diseased animals before treat-
ment on day 14 and to those treated with control vectors

on day 28 (fig. 8).

Discussion

This study demonstrates that gene transfer of Smad7
into the established peritoneal fibrosis tissues from day
14 to 28 after a chronic PD was able to inhibit the progres-
sion of peritoneal fibrosis and peritoneal functional in-

Smad?7 Inhibits Established Peritoneal
Fibrosis in Rats

compared to diseased animals on day 14 before treatment or on
day 28 after treatment. Data represent mean * SD for groups of
6 rats. * p < 0.05 compared to the age-matched normal controls;
*p < 0.05 compared to both PD14 and VC animals. A RT-PCR.
B Western blot analysis. C Confocal microscopy. Nuclei are coun-
terstained with DAPI (red). X400.

jury. Interestingly, Smad7 gene transfer also improved
the severity of peritoneal fibrosis and functional impair-
ment when compared to diseased animals on day 14 be-
fore treatment. This was demonstrated by the findings
that Smad7 gene transfer to rats with established perito-
neal fibrosis from day 14 for 2 weeks not only reduced the
thickening of the peritoneal membrane and upregulation
of a-SMA and type I collagen mRNA and protein on day
28, but also significantly improved these fibrotic changes
when compared with those before treatment on day 14.
These findings imply that gene therapy with Smad7 could
potentially be a useful clinical treatment method for peri-
toneal fibrosis.
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TGE-B hyperactivity is recognized as the driving force
of the fibrogenic response to injury, and anti-TGF-
strategies were successfully used to counteract this pro-
cess in different issues [23]. It is known that Smad7 func-
tions to negatively regulate TGF-f signaling and is
thought to be a therapeutic agent for renal fibrosis [24].
The anti-fibrotic effect of Smad7 has been shown by many
studies with Smad7 gene expression in vitro and gene
transfer in rat models of obstructive kidney disease, rem-
nant kidney disease, and autoimmune nephritis [14-19].
Recently, we and other investigators have also shown that
overexpression of peritoneal Smad?7 is able to prevent PD-
induced peritoneal fibrosis in both uremic or non-uremic
rat models [20-22]. However, it remains unclear whether
Smad?7 has a therapeutic effect on established peritoneal
tibrosis, which was addressed in this study in an estab-
lished model of peritoneal fibrosis induced by a chronic
infusion of PD fluids. Inhibition of peritoneal fibrosis on
the established model of peritoneal fibrosis demonstrated
the therapeutic potential of Smad7 gene therapy for peri-
toneal fibrosis that mimics clinical conditions.

It has been previously shown that inhibition of TGEF-
B/Smad signaling is a key mechanism by which Smad7
gene transfer prevents peritoneal fibrosis in a rat model
of PD [20-22]. A similar mechanism was also found in
the present study on the established peritoneal fibrosis.
This was supported by the findings that overexpression
of Smad? reduced levels of phosphorylated Smad2/3 and
expression of TGF-f1, thereby improving the severity of
peritoneal fibrosis and peritoneal dysfunction.

Fig. 7. Smad7 gene transfer blocks PAI-1 mRNA and protein ex-
pression in a rat model of peritoneal fibrosis. N = Normal ani-
mals; PD14 = PD rats on day 14 before treatment; VC = PD rats
treated with empty plasmids on day 28; Smad7 = PD rats treated
with Smad7 gene transfer on day 28. All analyses show that Smad7
treatment inhibits PAI-1 mRNA and protein expression in the
established model of peritoneal fibrosis. Data represent mean *
SD for groups of 6 rats. * p < 0.05 compared to the age-matched
normal control; ¥ p < 0.05 compared to both PD14 and VC ani-
mals. A RT-PCR. B Western blot analysis. C Confocal microscopy.
Nuclei are counterstained with DAPI (red). X400.

Smad?7 Inhibits Established Peritoneal
Fibrosis in Rats

Consistent with the previous findings [21], blockade of
peritoneal PAI-1 expression could be another mechanism
of the reversal of peritoneal fibrosis by Smad?7. It has been
shown that glucose induces peritoneal fibrosis by stimu-
lating PAI-1 expression [25], which can be blocked by
anti-T'GF- strategies [26]. It is also known that PAI-1 is
a component of ECM and a target gene of TGF-f3 because
several Smad-binding boxes (CAGA) are in the PAI-1
promoter [27]. Therefore, activation of TGF-B/Smad sig-
naling in response to PD fluids may result in upregula-
tion of PAI-1 during peritoneal fibrosis, which can be
blocked by overexpression of Smad7 as seen in this and
previous studies [21].

In summary, Smad?7 gene transfer is able to inhibit the
established peritoneal fibrosis induced by a chronic infu-
sion of PD fluids in rats. Blockade of activated TGF-f3/
Smad signaling and its downstream mediators such as
PAI-1 may be a key mechanism of inhibition of the estab-
lished peritoneal fibrosis by Smad7. Results from this
study indicate overexpression of Smad7 might merit fur-
ther clinical investigation for the treatment of peritoneal
fibrosis in CAPD patients.
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Fig. 8. Smad7 gene transfer blocks Smad2/3 activation in a rat
model of established peritoneal fibrosis. A Western blot analysis.
N = Normal animals; PD14 = PD rats on day 14 before treatment;
VC =PD rats treated with empty plasmids on day 28; Smad7 = PD
rats treated with Smad7 gene transfer on day 28. All analyses show
that Smad7 gene transfer blocks activation of TGF-/Smad signal-
ing in the established model of peritoneal fibrosis. Data represent
mean * SD for groups of 6 rats. * p < 0.05 compared to the age-
matched normal control; * p < 0.05 compared to both PD14 and
VC animals. B Confocal microscopy. Nuclei are counterstained
with DAPI (red). x400.
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