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INTRODUCTION

Toll-like receptors (TLRs) recognize endogenous dan-
ger molecules such as hyaluronan fragments that have 
been altered from their native state or accumulated in 
non-physiologic sites or amounts during cellular injury 

[1-5]. Min et al. [6] reported that TLR inhibition may have 
renoprotective effects on obesity-related kidney disease 
through its anti-inflammatory properties. TLR2 and 
TLR4 play crucial roles in the induction of acute inflam-
mation and early tubular injury in the kidney in a re-
versible model of acute renal injury [7-9]. Leemans et al. 
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Background/Aims: There has been controversy about the role of Toll-like recep-
tor 2 (TLR2) in renal injury following ureteric obstruction. Although inhibition 
of the renin angiotensin system (RAS) reduces TLR2 expression in mice, the exact 
relationship between TLR2 and RAS is not known. The aim of this study was to 
determine whether the RAS modulates TLR2. 
Methods: We used 8-week-old male wild type (WT) and TLR2-knockout (KO) 
mice on a C57Bl/6 background. Unilateral ureteral obstruction (UUO) was in-
duced by complete ligation of the left ureter. Angiotensin (Ang) II (1,000 ng/kg/
min) and the direct renin inhibitor aliskiren (25 mg/kg/day) were administrated 
to mice using an osmotic minipump. Molecular and histologic evaluations were 
performed.
Results: Ang II infusion increased mRNA expression of TLR2 in WT mouse 
kidneys (p < 0.05). The expression of renin mRNA in TLR2-KO UUO kidneys 
was significantly higher than that in WT UUO kidneys (p < 0.05). There were no 
differences in tissue injury score or mRNA expression of monocyte chemotactic 
protein 1 (MCP-1), osteopontin (OPN), or transforming growth factor β (TGF-β) 
between TLR2-KO UUO and WT UUO kidneys. However, aliskiren decreased 
the tissue injury score and mRNA expression of TLR2, MCP-1, OPN, and TGF-β 
in WT UUO kidneys (p < 0.05). Aliskiren-treated TLR2-KO UUO kidneys showed 
less kidney injury than aliskiren-treated WT UUO kidneys. 
Conclusions: TLR2 deletion induced activation of the RAS in UUO kidneys. 
Moreover, inhibition of both RAS and TLR2 had an additive ameliorative effect 
on UUO injury of the kidney.

Keywords: Toll-like receptor 2; Renin-angiotensin system; Unilateral ureteral ob-
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[10] reported that unilateral ureteral obstruction (UUO) 
increases renal expression of TLR2. However, Chowd-
hury et al. [11] reported that TLR2 is not involved in re-
nal injury following ureteric obstruction, and deletion 
of TLR2 does not have a beneficial effect on kidneys with 
UUO [10,11]. Although deletion of TLR2 reduces renal 
injury and infiltration of interstitial myofibroblasts, it 
does not affect the development of progressive renal fi-
brosis in UUO mice [10]. It is not clear why deletion of 
TLR2 does not reduce the renal injury induced by UUO, 
and the role of TLR2 in renal injury following ureteric 
obstruction remains controversial.

The renin angiotensin system (RAS) has been reported 
to play a crucial role in renal inflammation and fibrosis 
in UUO kidneys [12,13] and inhibition of RAS attenuates 
renal injury in UUO mice [14,15]. Olmesartan reduces 
TLR2 in the aortic roots of mice, resulting in a decrease 
in intimal neovascularization and plaque growth. Losar-
tan decreases the expression of TLR2 mRNA and protein 
that is upregulated in cyclosporin-induced renal injury 
[16]. Although these reports suggest that inhibition of 
RAS reduces TLR2 signaling, it is not clear whether RAS 
modulates TLR signaling. This study was performed to 
investigate whether concomitant inhibition of RAS and 
TLR2 attenuates inflammation and fibrosis in UUO mice 
and to evaluate the relationship between RAS and TLR2. 

METHODS

Animals and drug treatments
All experiments were performed on 8-week-old male 
C57BL/6 mice (weight 20 to 25 g, Samtako, Osan, Korea) 
and TLR2 knockout (KO) mice (weight 20 to 25 g, Ko-
rea Research Institute of Bioscience and Biotechnology, 
Daejeon, Korea). The mice were given a standard labo-
ratory diet and water and were cared for under a proto-
col approved by the Institutional Animal Care and Use 
Committee of the Chungnam National University Med-
ical School. 

Two separate studies were performed. First, we eval-
uated the association between the RAS and TLR2. Wild 
type (WT) and TLR2-KO mice (n = 8 per group) were in-
fused with angiotensin (Ang) II to activate RAS. Second, 
we divided the mice into eight groups: vehicle (Vh)-treat-
ed sham (n = 7), aliskiren-treated sham (n = 7), TLR2-KO 

(n = 8), aliskiren-treated TLR2-KO (n = 8), Vh-treated 
UUO (n = 8), aliskiren-treated WT UUO (n = 8), TLR2-
KO UUO (n = 8), and aliskiren-treated TLR2-KO UUO (n 
= 8). To establish UUO, complete ligation of the left ure-
ter at the ureteropelvic junction was performed using 
double silk sutures. Mice were anesthetized with intra-
peritoneal ketamine (2 mg/kg, Ketalar, Bayer, Leverku-
sen, Germany) and xylazine (200 µL/kg, Rompun, Bayer). 
Aliskiren powder was supplied by Novartis Co. (East Ha-
nover, NJ, USA). To continuously deliver solutions over 
the course of 8 days, an Alzet osmotic minipump (model 
2004, Durect Corp., Cupertino, CA, USA) was implant-
ed subcutaneously in each mouse 1 day before UUO 
or sham operation. The pumps were filled with either 
normal saline or saline containing aliskiren. Both were 
administered at a dose of 25 mg/kg/day. Ang II was in-
fused at a rate of 1,000 ng/kg/min via the subcutaneously 
implanted osmotic minipumps. Mice were sacrificed on 
day 7 after UUO or on day 12 after Ang II infusion. 

Tissue preparation
Tissue preparation was performed as described previ-
ously [14]. Briefly, at the end of the study (7 days after 
UUO and 12 days after Ang II infusion), mice were sac-
rificed, and both kidneys were excised immediately and 
cut into three coronal sections. Two pieces were snap-
frozen in liquid nitrogen and stored at –70°C for sub-
sequent RNA extraction and protein analysis. The third 
piece (central section) was fixed in 10% buffered form-
aldehyde at room temperature and then embedded in 
Paraplast (Sherwood Medical, St. Louis, MO, USA) for 
light microscopy and immunohistochemical staining. 

Light microscopy
Tissue staining was performed as described previously 
[14]. Briefly, paraffin-embedded kidney pieces were cut 
into sections 4-µm thick and mounted on glass slides. 
The sections were deparaffinized with xylene, stained 
with hematoxylin and eosin (H&E) and Masson’s tri-
chrome (MT), and examined under an Olympus BX51 
microscope (Olympus, Tokyo, Japan). The tubuloint-
erstitial injury score was evaluated based on morpho-
logical changes in tubuels, such as dilatation, distortion 
of tubular basement membranes and atrophy: grade 0, 
no morphological deformities; grade 1, less than 10%; 
grade 2, less than 25%; grade 3, less than 50%; grade 4, 
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less than 75%; and grade 5, 75% or greater involved. Ten 
fields of the outer medulla were evaluated. Renal fibrotic 
areas were quantified using morphometric analysis with 
blue stained area in MT staining. The size of the blue-
stained (fibrotic) area in MT staining (as a percentage of 
the total area in 10 different fields of each section un-
der ×200 magnification) was determined using a digital 
camera-based image analyzer (Metamorpho version 6.3, 
Olympus).       

Immunohistochemistry
Immunohistochemistry was performed as described 
previously [14]. Paraffin-embedded tissues were cut 
into sections 4-µm thick, mounted on glass slides, and 
stained using indirect immunoperoxidase. The slides 
were processed for immunodetection of transforming 
growth factor β (TGF-β) and angiotensin II type 1 recep-
tor (AT1R) with antibodies specific for TGF-β (Santa Cruz 
Biotechnology, Santa Cruz, CA, USA) and anti-AT1R 
(Santa Cruz Biotechnology) respectively. Diaminobenzi-
dine (Sigma Chemical Co., St. Louis, MO, USA) was used 
as a chromogen. All samples were evaluated under an 
Olympus BX51 microscope. The size of the area stained 
positively for TGF-β (as a percentage of the total area 
in 10 separate fields of each section under ×200 magni-
fication) was determined using a digital camera-based 
image analyzer (Metamorpho version 6.3, Olympus).

 
Western blot
Western blot analysis was performed to measure TLR2, 
renin, and AT1R protein expression. Kidney sections 
were homogenized in PRO-PREP protein extraction 
solution (iNtRON, Seongnam, Korea). Total protein (40 
µg) was loaded. Samples were wet transferred onto 0.2 
µm nitrocellulose membranes (Amersham Pharmacia, 
Piscataway, NJ, USA). Blots were blocked for 1 hour with 
5% nonfat dry milk in Tris-buffered saline-Tween buf-
fer compose of 20 mM Tris-HCl (pH 7.6), 0.8% NaCl 
and 0.05% Tween 20, and incubated overnight at 4°C 
with anti-TLR2 antibody (Abcam, Cambridge, MA, USA), 
AT1R (Santa Cruz Biotechnology), anti-renin (Santa 
Cruz Biotechnology) and anti-β-actin antibody (Santa 
Cruz Biotechnology). Blots were incubated with horse-
radish peroxidase-conjugated secondary anti-rabbit im-
munoglobulin G antibody (Cell Signaling Technology) 
for 1 hour. Bands were detected by enhanced chemilu-

minescence (Millipore, Billerica, MA, USA) and exposed 
to film. The optical density for quantification was deter-
mined using Gel-Pro Analyzer version 3.1 (Media Cyber-
netics, Bethesda, MD, USA)
 
RNA extraction, and quantitative real-time  
polymerase chain reaction 
Total RNA was extracted from whole kidney using an 
RNeasy Mini Kit (Qiagen, Hilden, Germany). cDNA 
was synthesized from 2 µg total RNA using an oligo dT 
primer (Amersham Pharmacia), deoxynucleotide tir-
phosphates (Amersham Pharmacia), moloney murine 
leukemia virus reverse transcriptase (Gibco-BRL, Grand 
Island, NY, USA), 0.1 M dithiothreitol, and buffers in a 
volume of 20 µL. The cDNA reaction mix was diluted to 
a total volume of 40 µL and polymerase chain reaction 
(PCR) was performed to amplify the following specif-
ic cDNAs: glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH; primers: sense 5′-CC CAG ACC CCA TAA CAA 
CAG-3′; antisense 5′-TGA GGG TGC AGC GAA CTT TA-
3′); monocyte chemotactic protein 1 (MCP-1; primers: 
sense 5′-ACT GCA TCT GCC CTA AGG TCT TCA-3′; 
antisense 5′-AGA AGT GCT TGA GGT GGT TGT GGA-
3′); osteopontin (OPN; primers: sense 5′-GGC ATT GCC 
TCC TCC CTC-3′; antisense 5′-CGA GGC TGT AAA 
GCT TCT CC-3′); TGF-β (primers: sense 5′-AAC TAT 
TGC TTC AGC TCC AGA GAG A-3′; antisense 5′-AGT 
TGG ATG GTA GCC CTT G-3′); TLR2 (primers: sense 
5′-GCC ACC ATT TCC ACG GAC T-3′; antisense 5′-GGC 
TTC CTC TTG GCC TGG-3′); AT1 receptor (primers: 
sense 5′-AGA ACA CCA ATA TCA CTG TTT G-3′; an-
tisense 5′-TAG CTG GTA AGA ATG ATT AGG A-3′); 
and renin (primers: sense 5′-ATG AAG GGG GTG TCT 
GTG GGG TC-3′; antisense 5′-ATG TCG GGG AGG 
GTG GGC ACC TG-3′). PCR was performed using SYBR 
Green PCR mastermix (Qiagen). The amplification re-
action volume was 20 µL, consisting of 10 µL iQ SYBR 
Green PCR mastermix, 2 µL primers, 2 µL cDNA, and 6 
µL water. Amplification and detection were performed 
using a thermal cycler (Rotor-Gene 6000, Corbett Re-
search, Mortlake, Australia). PCR conditions were as fol-
lows: denaturation at 95°C for 10 minutes followed by 40 
cycles of 10 seconds at 95°C, 15 seconds at the annealing 
temperature (55°C for GAPDH, TGF-β, MCP-1), and 20 
seconds at 72°C. SYBR green fluorescence was measured 
at the end of each cycle using the comparative threshold 
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cycle (Ct) method: 2–ΔΔCt = 2 – [(Ct of target gene – Ct of 
GAPDH in treated mice) – (Ct of target gene – Ct of GAP-
DH in sham mouse)].

Statistical analysis
Data are reported as the mean ± SD. Multiple compari-
sons among groups were performed by one-way analysis 
of variance with the post hoc Bonferroni test correction 
(SPSS version 11.0, SPSS Inc., Chicago, IL, USA). The 
difference between groups was considered statistically 
significant at p < 0.05. 

RESULTS

RAS and TLR2 expression in the kidneys of sham-
operated and UUO mice
The kidneys of Ang II-infused WT mice showed in-
creased expression of TLR2 mRNA compared with those 
of saline-infused WT controls (p < 0.05) (Fig. 1A). To eval-
uate the association between the RAS and TLR2, we eval-
uated renin and AT1R expression in TLR2-KO mouse 
kidneys. TLR2-KO mouse kidneys showed little TLR2 
expression (Fig. 1B). Renal mRNA expression of renin 
and AT1R tended to be higher in TLR2-KO mouse kid-
neys than in WT mice (Fig. 1C and 1D). However there 
were no significant differences.

To evaluate RAS activation, we measured renin and 
AT1R mRNA expression in UUO kidneys. In the TLR2-
KO UUO kidney, mRNA expression of renin and AT1 re-
ceptor was significantly increased compared with that in 
WT UUO kidneys (p < 0.05) (Fig. 1C and 1D). Protein level 
of AT1R in TLR2-KO UUO kidneys was significantly in-
creased compared with that in the WT UUO kidneys (p 
< 0.05) (Fig. 1D). Protein level of renin showed increased 
tendency in TRL2-KO UUO kidneys, but there was no 
statistical significance (Fig. 1C). TLR2 mRNA expression 
was significantly higher in UUO kidneys than in sham-
operated kidneys (p < 0.05) (Fig. 1E). Aliskiren treatment 
reduced renal mRNA expression of TLR2 in UUO kid-
neys (p < 0.05) (Fig. 1E). There was no significant differ-
ence in renal mRNA expression of TLR2 between Vh- 
and aliskiren-treated sham mice.

Inflammation and fibrosis of kidneys in TLR2-KO 
UUO mice
The expression of OPN, MCP-1, and TGF-β mRNA were 
increased in UUO kidneys compared with sham-oper-
ated kidneys. However, there were no significant differ-
ences in renal mRNA expression of OPN, MCP-1, and 
TGF-β between TLR2 KO and WT UUO kidneys (Fig. 
2A-2C). Light microscopic examination of WT UUO 
kidneys showed tissue injury, including infiltration of 
mononuclear cells into the interstitium and tubules, 
and desquamation of tubular epithelial cells. There was 
no significant difference in tissue injury score between 
WT and TLR2-KO UUO kidneys. TLR2-KO UUO kid-
neys showed no significant difference in the area posi-
tive for MT or TGF-β compared with WT controls (Fig. 
2D).

Inhibition of RAS in TLR2 KO UUO mice
Aliskiren treatment improved the renal tubulointersti-
tial injury score in UUO kidneys. Renal tubulointersti-
tial injury was significantly decreased in aliskiren-treat-
ed TLR2-KO UUO kidneys compared to WT UUO 
kidneys treated with this agent (p < 0.05) (Fig. 3). Aliskiren 
treatment significantly reduced renal mRNA expression 
of OPN and MCP-1 in UUO kidneys (p < 0.05) (Fig. 4). 
Moreover, renal mRNA expression of OPN and MCP-1 
was significantly decreased in aliskiren-treated TLR2-
KO UUO kidneys compared to WT UUO kidneys treat-
ed with this agent (p < 0.05) (Fig. 4).

Aliskiren improved renal interstitial fibrosis in UUO 
kidneys, as indicated by decreased Masson’s trichome 
staining and TFG-β expression (Fig. 5). Aliskiren-treat-
ed TLR2-KO UUO kidneys showed significant decreas-
es in areas positive for MT and TGF-β compared with 
aliskiren-treated WT UUO kidneys (p < 0.05) (Fig. 5 Ad 
and Bd). Also, renal mRNA expression of TGF-β was sig-
nificantly decreased in aliskiren-treated TLR2-KO UUO 
kidneys compared to with WT UUO kidneys treated 
with this agent (p < 0.05) (Fig. 5Bf). The expression of re-
nin was increased in UUO kidneys (p < 0.05) (Fig. 5C). Al-
though not statistically significant, aliskiren treatment 
showed increase tendency in the renin expression of 
both WT UUO and TLR2-KO UUO kidneys compared 
with untreated UUO kidneys (Fig. 5C). The expression of 
AT1R was increased in UUO kidneys (p < 0.05) (Fig. 5D). 
Aliskiren treatment significantly decreased the AT1R ex-
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Figure 1. (A) Representative effects of Ang II infusion on TLR2 mRNA ex-
pression. Representative kidneys from Ang II-infused WT sham-operated 
mice (n = 8) showed higher mRNA expression of TLR2 than saline-infused 
WT sham-operated mice (n = 7). (B) Representative immunoblots from 
Ang II-infused WT sham-operated mice (n = 4) and saline-infused WT 
sham-operated mice (n = 4) TLR2 expression in WT and TLR2-KO mouse 
kidneys. (C, D) Representative immunoblots from WT mice (n = 4) and 
TLR2-KO mice (n = 4) renin and AT1R expression. Renin and AT1R mRNA 
expression levels were significantly higher in UUO kidneys than in sham 
kidneys (C, D), and in TLR2-KO UUO kidneys compared with WT UUO 
kidneys (C, D). There was no significant difference in the basal mRNA 
expression of renin and AT1R between sham and TLR2-KO kidneys. Rep-
resentative immunoblotting results indicating significantly higher renin 
and AT1R expression in UUO kidneys (n = 4) compared to sham-operated 
kidneys (n = 3) (C, D). The protein level of AT1R was significantly increased 
in TLR2-KO UUO kidneys compared with WT UUO kidneys (D). TLR2 
mRNA expression in UUO kidneys was significantly higher than that in 
sham-operated kidneys (D). Aliskiren treatment reduced the mRNA level 
of TLR2 in UUO kidneys (E). Ang, angiotensin; TLR2, Toll-like receptor 2; 
WT, wild type; KO, knockout; AT1R, angiotensin II type 1 receptor; UUO, 
unilateral ureteral obstruction; S, sham-operated mice (n = 7); A-S, ali-
skiren treated sham-operated mice (n = 7); TLR2-KO, TLR2-KO mice (n = 8); 
TLR2-KO UUO, TLR2-KO UUO mice (n = 8); A UUO, aliskren treated WT 
UUO mice (n = 8). a,bp < 0.05.

A

C

E

D

B

www.kjim.org


328 www.kjim.org

The Korean Journal of Internal Medicine Vol. 31, No. 2, March 2016

http://dx.doi.org/10.3904/kjim.2015.004

20

15

10

5

0

MCP-1

UUO

TL
R2-

KO-U
UO

15

10

5

0

OPN TGF-β

UUO

TL
R2-

KO-U
UO

30

20

10

0

UUO

TL
R2-

KO-U
UO

2-∆
∆

Ct

2-∆
∆

Ct

2-∆
∆

Ct

5

4

3

2

1

0

25

20

15

10

5

0

8

6

4

2

0

Tu
bu

lo
in

te
rs

tit
ia

l
in

ju
ry

 sc
or

e

Ar
ea

 o
f M

T 
st

ai
n

UUO

H&E MT TGF-β

TLR2-KO UUO

Ar
ea

 o
f T

G
F-

β 

UUO TLR2-KO-UUO UUO TLR2-KO-UUO UUO TLR2-KO-UUO

Figure 2. The effects of TLR2-KO on UUO-induced injury. Renal mRNA expression of (A) MCP-1, (B) OPN, or (C) TGF-β were 
similar in TLR2-KO and WT UUO mice. There were no significant differences in renal expression of MCP-1 (A, p = 0.299), 
OPN (B, p = 0.549), and TGF-β (C, p = 0.654) between WT and TLR2-KO UUO kidneys. (D) There was no significant difference 
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al obstruction; MCP-1, monocyte chemotactic protein 1; OPN, osteopontin; TGF-β, transforming growth factor β; WT, wild 
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Figure 3. The effects of inhibition of renin angiotensin system and TLR on renal histology 7 days after UUO in (A) S, (B) ve-
hicle-treated WT UUO, (C) aliskiren-treated WT UUO, and (D) aliskiren-treated TLR2-KO UUO mice (×200). Vehicle-treated 
obstructed kidneys showed marked injury, with mononuclear cells in the interstitium and tubules, and dilatation and des-
quamation of tubular epithelial cells. In contrast, aliskiren-treated WT UUO mice showed significantly less tubulointerstitial 
damage. (E) Aliskiren-treated TLR2-KO UUO kidneys showed a significant decrease in tissue injury score compared with ali-
skiren-treated WT UUO kidneys. TLR, Toll-like receptor; UUO, unilateral ureteral obstruction; WT, wild type; KO, knockout; 
S, sham; A, aliskiren; S, sham-operated mice (n = 7); UUO, UUO mice (n = 8); A-UUO, aliskiren-treated WT UUO mice (n = 8); 
A-TLR2-KO UUO, aliskiren-treated TLR2-KO UUO mice (n = 8). ap < 0.05 vs. sham operation, bp < 0.05 vs. UUO, cp < 0.05 vs. 
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a significant decrease in mRNA expression of MCP-1 and OPN 
compared with aliskiren-treated WT UUO kidneys. TLR, Toll-
like receptor; MCP-1, monocyte chemotactic protein 1; OPN, os-
teopontin; UUO, unilateral ureteral obstruction; KO, knockout; 
WT, wild type; S, sham-operated mice (n = 7); UUO, UUO oper-
ated mice (n = 8); A-UUO, aliskiren-treated UUO WT mice (n = 8); 
A-TLR2-KO-UUO, aliskiren-treated TLR2-KO UUO mice (n = 8). 
a,b,cp < 0.05.
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pression in WT UUO kidneys compared with untreated 
UUO kidneys (p < 0.05) (Fig. 5D). Although there was no 
statistical significance, AT1R expression showed the in-
crease tendency in aliskiren-treated TLR2-KO kidneys 
compared to WT UUO kidneys treated with this agent 
(Fig. 5D). 

DISCUSSION

The results of the present study indicated that deletion 
of TLR2 induces RAS activation in the UUO kidney, and 
that inhibition of the RAS reduces renal injury in the 
TLR2-KO UUO kidney. 

TLRs are thought to be crucial cellular sentinels that 

detect “danger” signals released by tissue damage [17], 
and they may also be important initiators of inflamma-
tion and fibrosis. TLR2 is involved in the activation of 
TGF-β and migration of macrophages and myofibro-
blasts [10,11]. Deletion of TLR2 reduces apoptosis of tu-
bular cells in renal ischemia reperfusion injury. Howev-
er, the role of TLR2 in renal injury by UUO is not clear 
[10,11]. Although TLR2 recruits inflammatory cytokines, 
macrophages, and fibroblasts in the kidney, most stud-
ies have reported that deletion of TLR2 does not reduce 
the induction of inflammatory cytokines or progression 
of renal fibrosis [10,11]. Similar to these findings, our 
study showed no significant difference in renal inflam-
mation or fibrosis induced by UUO between WT and 
TLR2-KO mice.

30

20

10

0

4

3

2

1

0

a a

b b

UUOS

A-TL
R2-K

O-U
UO

A-U
UO

UUOS

A-TL
R2-K

O-U
UO

A-U
UO

Ar
ea

 o
f  

AT
1R

 st
ai

n

Re
la

tiv
e 

ab
un

da
nc

e
(A

T1
R/

β-
ac

tin
)

UUOS

A-TL
R2-K

O-U
UO

A-U
UO

AT1R

β-Actin

Figure 5. The effects of inhibition of renin angiotensin system and TLR on renal fibrosis at 7 days after UUO. (A) Masson’s 
trichrome (MT) staining and (B) TGF-β staining of (a) sham-operated, (b) UUO, (c) aliskiren-treated WT UUO, and (d) ali-
skiren-treated TLR2-KO UUO kidneys (×200). Ae and Be show quantification of the data in each panel. (Ab) MT-stained and (Bb) 
TGF-β stained areas were larger in UUO kidneys compared with sham-operated kidneys. Aliskiren treatment reduced the 
MT-stained area and TGF-β stained area in UUO kidneys (Ac, Bc). Aliskiren-treated TLR2-KO UUO kidneys showed a signif-
icant decrease in MT-stained and TGF-β stained areas compared with aliskiren-treated WT UUO kidneys (Ad, Bd). Aliskiren 
treatment reduced the renal mRNA expressions of TGF-β in UUO kidneys. Aliskiren-treated TLR2-KO UUO kidneys showed 
significant decreases in renal mRNA expression of TGF-β compared with aliskiren-treated WT UUO kidneys by RT-PCR 
(Bf ). (C) Renin expression. The expression of renin was increased in UUO, A-UUO, and A-TRL2-KO UUO kidney (p < 0.05). (D) 
AT1R expression. (a) Sham-operated, (b) WT UUO, (c) aliskiren-treated WT UUO, (d) aliskiren-treated TLR2-KO UUO kidneys, 
(e) area of AT1R stain, (f ) representative AT1R immunoblots: sham-operated (n = 3), WT-UUO (n = 3), A-UUO (n = 4), A-TLR2-
KO-UUO (n = 4) (×200). The expression of AT1R was increased in UUO kidney. The area of AT1R stain in tubulointerstitium 
(yellow arrows). However, aliskiren treatment significantly decreased the AT1R expression in both WT UUO and TLR2-KO 
UUO kidneys compared with aliskiren-untreated WT UUO kidneys (Da-Dd and Df, p < 0.05). Although AT1R expression 
showed the increase tendency in aliskiren-treated TLR2-KO kidney compared with aliskiren-treated WT UUO kidney, there 
were no significant difference between two groups (p = 0.075). TLR, Toll-like receptor; UUO, unilateral ureteral obstruction; 
MT, Masson’s trichrome; TGF-β, transforming growth factor β; WT, wild type; KO, knockout; RT-PCR, real-time polymerase 
chain reaction; A-UUO, aliskiren-treated UUO WT mice (n = 8); A-TLR2-KO UUO, aliskiren-treated TLR2-KO UUO mice (n = 
8); AT1R, angiotensin II type 1 receptor; S, sham-operated mice (n = 7); UUO, UUO operated mice (n = 8). a,b,cp < 0.05.
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The renin and AT1R mRNA expression levels are in-
creased in UUO kidneys [14,18,19]. In general, renin is 
expressed in the macular densa and AT1R is expressed 
in tubules and interstitial area. We did not separate the 
tubular area, but used the whole tissue for immunoblot-
ting. Therefore, we could not determine the precise lo-
cations and changes in expression of AT1R. Chronic re-
nal injury results in elevated renin and AT1R expression 
[20]. In addition, it is well known that activation of RAS 
also plays an important role in kidney injury induced 
by UUO. Direct renin inhibition and AT1R KO showed 
improvement of renal injury in UUO kidneys [12,14]. 

We showed that deletion of TLR2 tends to increase the 
basal renal renin and AT1R mRNA expression compared 
to those in WT mice. Moreover, TLR2-KO UUO mice 
showed significant increases in renal renin and AT1R 
mRNA expression compared with WT UUO mice. The 
enhanced activation of RAS accompanied by inhibition 
of TLR2 may offset the anti-inflammatory effects of the 
TLR2 KO and may explain why blocking of TLR2 did 
not reduce the renal injury induced by UUO. Various 
kidney injury models have shown that RAS activation 
is important in the inflammatory process, including 
increased levels of OPN and MCP-1 expression [21-23]. 
TGF-β plays a major role in renal fibrosis induced by 
UUO [24], and RAS activation is involved in TGF-β ex-
pression in the obstructed kidney [25]. 

Although there have been no reports that TLR2 mod-
ulates the RAS, there is evidence that the RAS may in-
crease activation of TLRs. It has been reported that Ang 
II induces activation of TLR4 signaling in cultured fibro-
blasts and mesangial cells [26,27]. Lim et al. [28] reported 
that activation of RAS increased renal TLR2 expression 
whereas inhibition of RAS by an Ang receptor blocker 
decreased renal TLR2 expression in cyclosporine A-in-
duced renal injury. Our study showed that RAS activa-
tion induced by Ang treatment increased TLR2 mRNA 
expression. Moreover, the induction of renal TLR2 by 
UUO was reduced by aliskiren treatment. Taken togeth-
er, these findings indicate that the RAS modulates TLR2 
activation. Although the mechanism by which deletion 
of TLR2 activates RAS is not known, there are a number 
of possibilities. Deletion of TLR2 may activate a different 
inflammatory pathway [29]. It was recently revealed that 
TLR2 plays a role in innate immunity and angiogene-
sis by sensing the oxidation status and that deletion of 

TLR2 reduces wound healing in the dermis of mice [30]. 
TLR2 is expressed at high levels in renal tubules and the 
vessel endothelium of normal kidneys [31]. It is possible 
that deletion of TLR2 reduces the healing process of the 
kidney, thus potentiating other inflammatory processes 
including activation of RAS. 

In summary, the present study indicated that TLR2 
deletion results in RAS activation in UUO kidneys. 
Moreover, concomitant inhibition of RAS and TLR2 
has an additive benefit on the amelioration of UUO-in-
duced kidney injury.
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