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Role of Connective Tissue Growth Factor and Angiotensin II in
Tubulointerstitial Fibrosis in Experimental Obstructive Nephropathy

Viet Thang LE,' Kazuto SHIGEMATSU,' Yan ZHA,' Arifa NAZNEEN,' Mohammed S. RAzzAQUE,” Takashi TAGUCHI'

'Department of Pathology, Nagasaki University Graduate School of Biomedical Sciences, Nagasaki, Japan

* Department of Oral and Developmental Biology, Harvard School of Dental Medicine, Boston, MA, USA

Angiotensin Il (Ang-1l) and connective tissue growth factor (CTGF) are involved in various renal disorders that lead to end-stage renal dis-
ease. Here, we determined the role of Ang-Il and CTGF in the progression of tubulointerstitial injury in the rat unilateral ureteral obstruction
(UUO) model. Sprague-Dawley rats (n=16) were used; 10 rats underwent UUO, and 6 control rats underwent sham operation; and rats of both
groups were sacrificed on days 7 or 14. Histomorphometric analysis was performed to quantitate tubulointerstitial injuries in the experimental
group. Kidney sections were stained immunohistochemically for Ang-1l, CTGF, transforming growth factor-31 (TGF-1), type Ill collagen and
a-smooth muscle actin (a-SMA). Renal CTGF expression was studied using in situ hybridization and reverse transcriptase-polymerase chain
reaction. Double staining for Ang-Il with a-SMA and CTGF with a-SMA was performed to identify cells with enhanced expression of Ang-Il and
CTGF. Similar dual staining of Ang-Il with type Il collagen and CTGF with type Il collagen was performed. The correlation between Ang-Il and
CTGF expression and tubulointerstitial injury was examined. In obstructed kidneys, there was a significant (p<0.001) increase in expression of
Ang-ll, CTGF, TGF-R1, type Ill collagen and a-SMA, compared with control kidneys. Tubular epithelial cells and interstitial cells were the main Ang-
II- and CTGF-producing cells in the obstructed kidneys. A significantly (p<0.001) positive correlation was detected in obstructed kidneys between
renal expression of CTGF and expression of TGF-R1 (r=0.91), type Ill collagen (r=0.87) or a-SMA (r=0.90). Similarly a significantly (p<0.001) posi-
tive correlation was found in obstructed kidneys between Ang-Il expression and expression of TGF-R1 (r=0.88), type Ill collagen (r=0.79) and a-
SMA (r=0.91). Finally, there were significantly positive correlations between CTGF /Ang-ll expression and tubulointerstitial fibrosis in the obstructed
kidneys (r=0.88, p<0.001). The results of our in vivo studies suggest that both Ang-Il and CTGF, produced by intrarenal cells, coordinately regulate
progression of renal tubulointerstitial injury, by facilitating increased accumulation of interstitial collagens in obstructed kidneys.
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Introduction

Most renal disorders, irrespective of their original cause, lead to
renal tubulointerstitial fibrosis in the chronic and advanced stages."™
The extent of tubulointerstitial fibrosis is a prognostic indicator in
most renal diseases.> One common feature of renal fibrosis is in-
creased deposition of matrix components due to uncontrolled turn-
over of matrix proteins. Although the exact molecular mechanisms
of renal fibrotic diseases are not yet clear, increased synthesis and
deposition of type I, III, IV and VI collagens have been detected in
various chronic progressive fibrotic renal diseases.”” Numerous stud-
ies have convincingly demonstrated that increased synthesis with ex-
cessive deposition of collagens is primarily responsible for the ini-

tiation and progression of renal fibrotic diseases, however, how
various fibrogenic factors coordinately regulate renal fibrogenic re-
sponses is not yet clear.

Connective tissue growth factor (CTGF) is a potent mediator of
matrix synthesis. Increased expression of CTGF has been shown to
be associated with various human and experimental glomerular dis-

eases.'""

CTGF can induce extracellular matrix (ECM) production,
and mediates the profibrotic actions of transforming growth factor-
B1 (TGF-B1).""

Recent studies have suggested the role of the renin-angiotensin sys-
tem (RAS) in the pathogenesis of interstitial fibrosis."""* Angiotensin
II (Ang-II), the main peptide of the RAS, appears to be important in

initiating and sustaining the fibrogenic destruction of renal tissue."”
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Its actions are likely to be mediated by both hemodynamic and non-
hemodynamic components. Induction of TGF-81 has been docu-
mented in glomeruli after systemic infusion of Ang-II into normal
rats.” Similarly, renal induction of CTGF following systemic infu-
sion of Ang-II into normal rats was reported.”

Although numerous studies have suggested that CTGF and Ang-II
may be important mediators of TGF-B1-induced profibrotic activi-
ties, the potential correlation between Ang-II and CTGF during the
progression of fibrotic diseases has not yet been investigated in simi-
lar detail. Using the unilateral ureteral obstruction (UUO) model, we
determined the cellular sources of CTGF, and its association with
TGF-B1 and Ang-II during tubulointerstitial fibrosis, and tested the
hypothesis that Ang-1I and CTGF coordinately regulate fibrogenesis
in obstructed kidneys.

Materials and Methods

Experimental protocol

Female Sprague-Dawley rats (n=16), with weights ranging from
200 to 250 g, were used. Ten rats (n=10) underwent UUO as follows:
under intraperitoneal Nembutal anesthesia (25 mg/kg body weight)
and through a small abdominal incision, a complete obstruction of the
left ureter was produced by two ligatures, 5 mm apart, in its upper
two-thirds, using 4-0 silk sutures. Ureteral obstruction was confirmed
by the development of dilatation of the renal pelvis and proximal
ureter and collapse of the distal ureter. The abdominal incision was
then closed, and the rats were given free access to tap water and
standard chow. The 16 rats were divided into two groups: Group 1
(n=6): Six rats had physical manipulations of their left kidney and
ureter, but no ureteral ligations were performed. Three rats were
sacrificed at day 7 and day 14, respectively. These six rats were used
as the control group. Group 2 (n=10): Ten rats with UUO were sac-
rificed, five each on days 7 and 14, respectively. Urine was collected
for bacterial culture.

Renal tissue collection

The rats were sacrificed by exsanguination under ether general
anesthesia. The left kidneys were removed via a midline abdominal
incision, and immediately fixed. Renal tissues were fixed in Carnoy's
solution for 2 hours for immunohistochemistry. The experimental
protocol was approved by the Ethics Review Committee for
Animal Experimentation of Nagasaki University Graduate School
of Biomedical Sciences.

In situ hybridization

In situ hybridization was performed as described previously with
slight modifications.” Briefly, polymerase chain reaction (PCR) product
for CTGF from rat mRNA was subcloned into the multiple cloning
site of pT-NOT, flanked by T3 and T7 promoters. Antisense or sense
strand cRNA probe of CTGF was synthesized using digoxigenin
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(DIG)-labeled UTP with T3 or T7 RNA polymerase. The renal tissues
were fixed for 16 hours in 4% buffered paraformaldehyde (pH 7.4),
embedded in paraffin, and sliced at 5 um thickness. The sections were
mounted onto slides treated with 2% 3-aminopropyltriethoxysilane,
deparaffinized, digested with 10 pg/mL proteinase K for 10 min at
370, and soaked for 10 min in 0.25% acetic anhydride-0.1 mM
triethanilamine hydrochloride (pH 8.0)- 0.9% NaCl. DIG-labeled
probes (500 ng/mL) were added to the hybridization buffer com-
posed of 50% formamide, 10 mM Tris-HCl (pH 7.5), 1 mM
ethylenediaminetetraacetic acid (EDTA), 0.6 M NacCl, 0.5 mg/mL
yeast tRNA, 0.25 mg/mL salmon sperm DNA, 1.5% skim milk,
0.25% sodium dodecyl sulfate (SDS), and 5x Denhardt's solution.
After hybridization at 450 for 16 hours, the slides were washed
several times in 5x standard saline citrate (SSC) and immersed in
50% formamide-2x SSC at 5000 for 30 min. The sections were
then treated with 20 pg/mL of RNase A at 370 for 30 min and fi-
nally washed in 0.2x SSC at 5000 for 20 min. Hybridization sig-
nals were detected by immunohistochemistry detection with alka-
line phosphatase-conjugated anti-DIG Fab fragments using nitroblue
tetrazolium-5-bromo-4-chloro-3-indolylphosphate (NBT/BCIP) as
the chromogenic substrate.

Semiquantitative reverse transcriptase-PCR

Total RNA was extracted from kidney tissue with the RNeasy kit
(Qiagen, Hilden, Germany) according to the instructions provided
by the manufacturer. Reverse transcription-PCR (RT-PCR) was per-
formed as described previously” using the primers listed in Table 1.
The RT reaction proceeded at 4200 for 60 min with 2 pg total RNA
in a reaction mixture containing 100 ng random primer (Takara
Shuzo, Otsu, Japan), 1 mM deoxy-NTPs (Clontech Laboratories,
Palo Alto, CA), 10 mM dithiothreitol, 1x reaction buffer, 50 U
ribonuclease inhibitor (Wako Pure Chemical Industries, Osaka,
Japan), and 200 U RT enzyme (Invitrogen, San Diego, CA) in a final
volume of 20 puL. The samples were heated at 4500 for 10 min to in-
active RT activity and denature RNA-complementary DNA hybrids.
Equal amounts of the product of the reverse transcription reaction
were subjected to PCR amplification. We co-amplified the house-
keeping gene glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
to allow for a semi-quantifiable comparison of the PCR products.
Amplification consisted of 5 min of denaturation at 9401 followed
by 28 cycles of 60 sec at 941, 60 sec at 620, and 180 sec at 72
O . The final extension was set for 5 min at 7200 . In the preliminary
experiments, the number of amplification cycles was examined by
performing RT-PCR for 18, 23, 28 and 33 cycles. PCR products
were within the linear logarithmic phase of the amplification curve
until 28 cycles (data not shown). After amplification, 5 pL of each
PCR reaction product was electrophoresed on a 2.0% agarose gel
containing ethidium bromide (0.5 pg/mL). The mRNA levels of
CTGF and TGF-31 were normalized with GAPDH mRNA levels.
The mean mRNA level was defined as 1.0 arbitrary unit. At least
three independent PCR procedures were performed to allow for sta-
tistical analysis.



Viet Thang Le et al.: CTGF and Angiotensin II in Obstructive Nephropathy

Table 1. The primers used for RT-PCR
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Target' Primers Size (bp)

CTGF Forward 5'-GCCCTGTGAAGCTGACCTAGA-3' 716
Reverse 5'-GCAAGCTATAATGTCCCTCCCC-3'

TGF-81 Forward 5'-AGAACCCCCATTGCTGCTCCGT-3' 209
Reverse 5'-CCGGGTTGTGTTGGTTGTAGAGG-3'

GAPDH Forward 5'-ACCACAGTCCATGCCATCAC-3' 452
Reverse 5'-TCCACCACCCTGTTGCTGTA-3'

*CTGF=Connective tissue growth factor; TGF-B1=Transforming growth factor-31; GAPDH=Glyceraldehyde-3-

phosphate dehydrogenase.

Immunohistochemical studies

Immunohistochemical staining was performed as follows.”*

Paraffin-embedded tissue sections were deparaffinized with xylene,
rinsed thoroughly with 95% ethanol, and then soaked in 0.3% H.O.
in methanol for 30 min at room temperature in order to inactivate en-
dogenous peroxidase activity. After a 5-min treatment with 0.05%
trypsin (Sigma, St. Louis, MO), tissue sections were incubated
with either 10% goat serum or 10% rabbit serum for 30 min, and
then covered with relevant primary antibodies. The following anti-
bodies were used: anti-TGF-81 (1:50, Santa Cruz Biotechnology,
Santa Cruz, CA), anti-Ang-II (1:100, Peninsula, San Carlos CA),
anti-CTGF (1:100, Santa Cruz Biotechnology), anti-type III collagen
(1:100, Chemicon International Inc., Temecula, CA), and anti-c-
smooth muscle actin (¢-SMA) (1:100, Dako, Glostrup, Denmark).
The slides were washed with 0.01 M phosphate-buffered saline (PBS)
and processed further using the histofine SAB-PO Kit (Nichirei,
Tokyo, Japan), as recommended by the manufacturer, and then re-
acted with 3.3' diaminobenzidine and H.O..

To quantify the grade of staining, the number of TGF-1-, CTGF-,
Ang-1I-, and a-SMA-positive cells was counted in five randomly
chosen fields (x400) of the renal cortex. The average number of
TGF-B1-, CTGF-, Ang-II-, and a-SMA-positive cells from five
different animals was then calculated.

Matrix scoring for type III collagen in the renal cortical interstitium
was determined as described previously, with slight modifications.””
Twenty random, non-overlapping fields of tissue sections stained
for the above-mentioned markers were scored from 0 to 3, as fol-
lows: 0—no staining (normal kidney in control group), 1—focal
staining, 2—diffuse mild to moderate staining, and 3-diffuse and
strong staining.

Double immunostaining

Double immunostaining in all the combination to each other for
CTGF, Ang-II, a-SMA, type III collagen and TGF-81 was per-
formed, as described earlier.*” We used a histostain-DS kit (Zymed
Laboratories Inc., Co., San Francisco, CA). Briefly, 4 pm thick sec-
tions were firstly stained for Ang-II or CTGF using the streptavidin-

alkaline phosphatase method, which produced a dark purple staining.
The tissue sections were counterstained for either type III collagen or
a-SMA by the streptavidin-peroxidase method, and visualized by
using 3-amino-9-ethylcarbazole hydrochloride (AEC)/H,O. appli-
cation, which produced an intense red staining. The sections were
heat-inactivated in 0.01 M citrate buffer (pH 6.0) for 10 min to mini-
mize the cross-reactivity between the first and the second staining. For
both single and double immunostaining, as a control, the primary
antibodies were replaced with either 0.01 M PBS or mouse IgG or
rabbit IgG diluted with PBS (with a concentration similar to that of
the primary antibody used). In the sections of double immunostaining,
the positive cells for CTGF, Ang-1I, «-SMA and TGF-81 were
counted in five high-power fields per a kidney of UUO rats. The
numbers of positive cells were plotted in relation to those positive
for the second antibodies.

Statistical analysis

The data were expressed as meantstandard deviation. Difference
between experimental groups was examined for statistical signifi-
cance using the #-test.

Results

Morphological changes in obstructed kidneys

By the end of the first week, dilatation of tubules began to appear
in some areas of the kidneys of UUO rats, which was associated with
mononuclear cell infiltration, as well as edematous and mild fibrotic
changes in the renal interstitium, in contrast to control (Figure 1 a).
In the second week, a diffuse dilatation of renal tubules, particularly
the collecting ducts and distal convoluted tubules was noted. There
was a complex network of interlacing fibrils surrounding each tu-
bule, with proliferation of interstitial cells (Figure 1 b).

Expression of type Il collagen in obstructed kidneys

Mild interstitial expression of type III collagen was detected in
control kidneys. In contrast to control a significant increase in the
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Figure 1. Morphological changes in obstructed kidneys. The images of
PAS staining from control (a) (x200) and obstructed kidneys on day 14 in
UUO rats (b) (x200). Note dilatation of tubules, inflammatory infiltrates,
edematous changes, and focal interstitial fibrosis (b).

interstitial accumulation of type III collagen was consistently de-
tected in obstructed kidneys, from day 7 onwards. On day 7, the
type III collagen matrix score was 1.07+0.07, which further in-
creased on day 14, with the matrix score being 1.80+0.14.

Expression of a-SMA in obstructed kidneys

Compared to control, obstructed kidneys showed strong positive
staining for @-SMA in the tubulointerstitium. The number of a-
SMA-positive cells was significantly higher in obstructed kidneys
compared to control (»p<0.001) both on day 7 (102.1£5.82 vs 3.9
+0.41) and day 14 (149.3+7.84 vs 4.2+0.43).

Expression of TGF-31 in obstructed kidneys

Levels of TGF-B1 mRNA were analyzed by RT-PCR. A significant
increase in expression of TGF-B1 mRNA was found in obstructed kid-
neys at day 7 compared with normal controls (p<0.05) (Figure 2 a).
On immunohistochemistry, mild TGF-81 staining was noted in control
kidneys (Figure 2 b). In contrast, TGF-1 expression was strong in tu-
bular epithelial cells and interstitial cells in obstructed kidneys (Figure
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Figure 2. TGF-1 expression in obstructed kidney. RT-PCR showed a sig-
nificant increase of TGF-B1 mRNA in obstructed kidneys at day 7 com-
pared to normal control (a). On immunohistochemistry, mild TGF-B1 stain-
ing was noted in normal control kidneys (b) (x400). Overexpression of TG
F-B1 was seen in tubulointerstitial areas of obstructed kidneys (c) (x400).

2 ¢). The number of TGF-B1-positive cells was significantly higher in
obstructed kidneys than in control kidneys (p<0.001) both on day
7 (86.0+4.85 vs 7.4+0.99) and day 14 (105.1+4.81 vs 8.7+0.78).

Expression of Ang-1I and its correlation with tubulointerstitial fi-
brosis in obstructed kidneys

Ang-II positively stained endothelial cells of blood vessels, affer-
ent arterioles, in control kidneys (Figure 3 a). In obstructed kid-
neys, Ang-II was strongly positive in tubular epithelial cells, and in-
terstitial cells (Figure 3 b). The number of Ang-II-positive cells in
the tubulointerstitial area was significantly higher in obstructed kid-
neys than in the control kidneys (p<0.001) both on day 7 (247.6+21.3
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Figure 3. Ang-II expression in obstructed kidney and correlation between Ang-II and tubulointerstitial fibrosis. Ang-II positive cells were only seen in blood
vessels in control kidneys (a) (x400). In obstructed kidneys, tubular epithelial cells and interstitial cells secreted Ang-II in obstructed kidneys (b) (x400).
The co-localization of Ang-1I and @-SMA or type III collagen was shown in tubulointerstitial spaces; dark purple represents Ang-1I, red represents either
a-SMA or type III collagen (¢, d) (x400). A significantly (»<0.001) positive correlation was detected in obstructed kidneys between Ang-II and ¢-SMA
(r=0.91) or type III collagen (»=0.79) (e, f).

vs 7.0+£0.69) and day 14 (319.3+24.2 vs 7.8+0.65). Furthermore, are the main source of Ang-II in the obstructed kidney (Figure 3 c).
the number of Ang-II-positive cells in obstructed kidney was sig- Furthermore, increased expression of Ang-II was detected in and
nificantly higher on day 14 of UUO than on day 7 of UUO. On around increased interstitial accumulation of type III collagen in
dual staining, co-localization of Ang-II with @-SMA was observed obstructed kidneys (Figure 3 d). A close correlation between in-
in tubulointerstitial cells, suggesting that interstitial myofibroblasts creased expression of Ang-II and increased expression of TGF-1 was
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seen in obstructed kidneys from day 7 onwards (data are not shown).
In obstructed kidneys, a significantly (p<0.001) positive correla-
tion was observed between expression of Ang-II and interstitial ac-
cumulation of either -SMA or type III collagen (Figure 3 e, f).

Expression of CTGF and its correlation with tubulointerstitial fi-
brosis in obstructed kidneys

To determine which cells were producing CTGF, we performed
in situ hybridization on renal sections prepared from control and
obstructed rat kidneys. CTGF mRNA was rarely expressed only by
interstitial cells in control (Figure 4 a). However, in obstructed kid-
neys, the periglomerular cells, tubular epithelial cells and interstitial

(a)

(c)

Control

(d)
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cells expressed signals for CTGF mRNA (Figure 4 b). The increased
CTGF expression noted on RT-PCR complemented the results of in
situ hybridization. A significant increase in CTGF mRNA was found
in obstructed kidneys compared with control (p<0.05) (Figure 4 c).
A very mild staining for CTGF was noted in control (Figure 4 d). In
obstructed kidneys, we found increased expression of CTGF in tubu-
lar epithelial cells and interstitial cells (Figure 4 e). A significantly
higher number of CTGF-positive cells were detected in obstructed
kidneys compared with control (»p<0.001) both on day 7 (145.2+
5.11 vs 8.1+0.72) and day 14 (210.4+13.8 vs 8.24+0.73). As ex-
pected, the pattern of CTGF expression on immunohistochemistry
was in agreement with the distribution of CTGF mRNA as shown
by in situ hybridization (Figure 4 b).

oy '

(b) :

< CTGF
(WS . GAPDH

uuoz

o e ! RN

Figure 4. CTGF expression in obstructed kidney. In situ hybridization showed CTGF mRNA was rarely expressed only in interstitial cells in control kidneys (a)
(x400). However, overexpression of CTGF mRNA was seen in tubular epithelial cells and interstitial cells of obstructed kidneys (b) (x400). RT-PCR demon-
strated a significant increase of CTGF mRNA in obstructed kidneys at day 7 compared to normal control (¢). Immunohistochemistry also showed mild staining
of CTGF in normal control kidneys (d) (x400), and overexpression of CTGF in tubular epithelial cells and interstitial cells in obstructed kidneys (e) (x400).
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By dual staining, co-localization of CTGF with a-SMA was
demonstrated in the obstructed kidneys, suggesting that interstitial
myofibroblasts are the main source of CTGF in the obstructed kid-
ney (Figure 5 a). Also, co-localization of CTGF and type III colla-
gen was seen in the tubulointerstitium (Figure 5 b). A significantly
positive correlation was also detected in obstructed kidneys between
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the expression of CTGF and @-SMA or interstitial type III collagen
was also detected in obstructed kidneys (p<0.001) (Figure 5 c, d).
In addition, we detected the co-localization of CTGF and Ang-II
on tubular epithelial cells, peritubular epithelial cells, and intersti-
tial cells in obstructed kidneys by dual staining (data are not shown).

In obstructed kidneys, the number of CTGF-positive cells showed a
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Figure 5. Correlation between CTGF and tubulointerstitial fibrosis. Co-localization of CTGF and @-SMA or type III collagen was demonstrated in
tubulointerstitial spaces (dark purple represents CTGF, red represents either -SMA or type III collagen) (a, b) (x400). A significantly (»<0.001) positive
correlation was detected in obstructed kidneys between CTGF and a-SMA (r=0.87) or type III collagen (#=0.90) (c, d). The expression of CTGF correlated
significantly (p<0.001) with that of TGF-81 (+=0.91) and Ang-II (»=0.88) in obstructed kidneys (e, f).
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significantly positive correlation both with TGF-B1-positive cells
and Ang-II-positive cells (p<0.001) (Figure 5 e, f), suggesting close
relationship among these fibrogenic factors of Ang-II, TGF-81, and
CTGF to regulate tubulointerstitial fibrosis in obstructed kidneys.

Discussion

Unilateral ureteral obstruction (UUO) leads to tubulointerstitial fi-
brosis, as determined by an increased accumulation of type III colla-
gen with an increased number of matrix-producing tubulointerstitial
fibroblasts. Interstitial fibrosis is mediated by inflammatory and vari-
ous fibrogenic factors, which stimulate fibroblast proliferation, and
extracellular matrix (ECM) accumulation. Recently, fibrogenic ef-
fects of the renin-angiotensin system (RAS), especially the effects of
Ang-I1, the major peptide of the RAS, have been demonstrated."**
The results of our study also clearly demonstrate that locally gener-
ated Ang-II plays an important role in the pathogenesis of the experi-
mental model of obstructive nephropathy. Ang-II is usually present
in endothelial cells of blood vessels; however, in obstructed kidneys
Ang-II was detected in tubular epithelial cells, peritubular epithelial
cells, and interstitial cells.

Several studies have suggested a role for Ang-II during inflamma-
tory events in the kidney. Ang-II activates inflammatory cells by di-
rect chemotaxis and production of proinflammatory mediators such
as monocyte chemoattractant protein-1 (MCP-1) and TGF-B1."
Systemic Ang-II infusion into normal rats caused mononuclear cell
infiltration into the interstitium.'*" Ang-II also regulates mesangial
cell growth and increases the expression and synthesis of ECM
proteins, including fibronectin, laminin and collagens.” Using in
vitro studies, Wolf et al."” have demonstrated that Ang-II can be a
single factor event capable of inducing hypertrophy in proximal tu-
bular cells. In experimental obstructive nephropathy, the inflamma-
tory process, proliferation of interstitial fibroblasts, and excessive
deposition of interstitial ECM are important events contributing to
the fibrotic process. Johnson et al.” suggested that rats infused
with Ang-II developed tubulointerstitial injury by inducing tubular
injury, interstitial monocyte infiltration, and interstitial deposition
of collagens. Cultured renal interstitial fibroblasts express AT1 re-
ceptors, and after Ang-II stimulation, there was an increase in cell
proliferation and expression and synthesis of ECM proteins such as
fibronectin, by a TGF-B1-mediated process."

We also found increased expression of both CTGF mRNA and
protein in obstructed kidneys. In normal kidney, CTGF mRNA has
been detected in visceral and parietal epithelial cells, and in some
periglomerular and peritubular interstitial cells, in endothelial cells
of peritubular capillaries, and in interstitial fibroblasts, by in situ
hybridization.” In our study, we also found similar overexpression
of CTGF mRNA and its translated protein in tubulointerstitial areas
in obstructed kidneys.

In a recent study, Duncan et al.” indicated that CTGF is a likely
mediator of TGF-B1-stimulated fibronectin production in a rat model
of interstitial fibrosis and in cultured renal interstitial fibroblasts.
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Using in situ hybridization and immunohistochemistry, we demon-
strated the overexpression of CTGF mRNA and its protein in the
cells around interstitial fibrotic areas, as well as in tubular epithe-
lial cells in obstructed kidneys at day 14 of UUO. Myofibroblasts
and fibroblasts were the main sources of CTGF expression in
tubulointerstitial fibrosis in human renal biopsy specimens.”

The key role of TGF-B1 in renal tubulointerstitial fibrosis is well
documented.’ TGF-B1 enhances the synthesis of ECM proteins such
as collagens, fibronectin, and laminin. TGF-1 also promotes ECM
accumulation by increasing the production of protease inhibitors such
as plasminogen activator inhibitor-1, and by decreasing the activity of
proteases such as matrix metalloproteinase."*'*'>*>* Furthermore,
TGF-B1 stimulates fibroblast migration and proliferation and also
is chemotactic for monocytes and macrophages. In our study, in ac-
cord with earlier studies, we also found overexpression of not only
TGF-31 mRNA, but also TGF-81 protein in obstructed kidneys.

Ang-II, TGF-81, and CTGF have a selective, yet important role in
the fibrotic process in renal tissues; however, the interrelation among
these molecules is not yet fully elucidated. Recent studies have shown
that in cultured fibroblasts, CTGF gene expression is strongly induced
by TGF-B1, and the addition of CTGF in turn potently stimulates
fibroblast proliferation and ECM protein synthesis.""* Other emerg-
ing evidence suggests that CTGF may be an important downstream
mediator of TGF-B1 profibrotic activities."'*"*** Systemic infusion
of Ang-II into normal rats increases glomerular expression of TGF-
B1%; the blockade of Ang-II actions by ACE inhibitors and AT1 an-
tagonists reduced TGF-B1 expression and fibrosis.'*"

Systemic infusion of Ang-II into normal rats for three days re-
sulted in increased renal expression of CTGF mRNA and protein
levels.” This finding suggests that CTGF could be a mediator of
the profibrogenic effects of Ang-II in the kidney. Our results indi-
cate that CTGF and Ang-II apparently coordinately regulate the
tubulointerstitial fibrotic process. van Kats et al.'® pointed out that
in addition to circulatory Ang-II, this peptide is produced in vari-
ous tissues, including the kidney. We believe that the level of cir-
culatory and renal production of Ang-II is markedly increased in
obstructed kidneys in the UUO model. The increased level of Ang-
II in obstructed kidneys leads to an increase in inflammatory infil-
tration, potentiated by the effects of TGF-B1 and CTGF, which in-
duce matrix proteins resulting in renal fibrosis.

In conclusion, overexpression of CTGF, Ang-II and TGF-81 coor-
dinately regulate the fibrotic process in the obstructed kidney. Ang-II
appears to be an initiatory factor in the process, mediating the down-
stream events that involve TGF-81 inducing CTGF, which in turn
propagates the fibroproliferative process in obstructed kidneys. CTGF
and TGF-B1 could be the major mediators of the profibrogenic ef-
fects of Ang-II in tubulointerstitial fibrosis in experimental ob-
structive nephropathy.
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