1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19



KS370G, a caffeamide derivative, attenuates unilateral ureteral obstruction-induced renal

fibrosis by the reduction of inflammation and oxidative stress in mice

Sung-Ting Chuang1, Yueh-Hsiung Kuo2,3, Ming-Jai Su1

1 Institute of Pharmacology, College of Medicine, National Taiwan University, Taipei 10051, Taiwan

2 Department of Chinese Pharmaceutical Sciences and Chinese Medicine Resources, China Medical

University, Taichung 40402, Taiwan

3 Department of Biotechnology, Asia University, Taichung 41354, Taiwan

Running title: KS370G ameliorates UUO-induced nephropathy

To whom correspondence should be addressed:

Ming-Jai Su, Ph.D

Institute of Pharmacology, College of Medicine, National Taiwan University

No.1, Sec. 1, Jen-Ai Rd., Taipei, Taiwan

Phone: 886-2-23123456 ext. 88317

Fax: 886-2-23971403

E-mail: mingja@ntu.edu.tw

1

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38



Abstract

Unilateral ureteral obstruction (UUO) is a well-known animal model used to study renal

nephropathy. Caffeic acid phenethyl ester, a natural phenolic compound, possesses antifibrotic,

anti-inflammation and anti-oxidative stress effects; however, rapid decomposition by esterases leads

to its low bioavailability. The goal of this study was investigate the beneficial effects of KS370G, a

synthetic caffeamide derivative, on UUO-induced renal injury. Renal injury was analyzed at 14 days

post-operation. Following the operation, KS370G (10 mg/kg) was administered by oral gavage once

a day. Our results showed that KS370G significantly attenuates collagen deposition in obstructive

kidney and inhibited UUO-induced renal fibrosis markers expression, including fibronectin, type I

collagen, vimentin, and α-smooth muscle actin (α-SMA). KS370G also attenuated the expression

of renal inflammatory chemokines/adhesion molecules (MCP-1, VCAM-1 and ICAM-1) and renal

malondialdehyde level and reversed the expression of renal antioxidant enzymes (SOD and catalase)

after UUO. Furthermore, KS370G significantly inhibited UUO-induced increase of plasma AngII

and TGF-β1 levels and TGF-β1 protein expression and the phosphorylation of Smad3. These

findings showed that KS370G may possess the beneficial effects on renal obstructive nephropathy

with the possible mechanism being the inhibition of AngII/TGF-β/Smad3 signaling pathway.

Keywords: Unilateral ureteral obstruction; Caffeamide; Renal fibrosis
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INTRODUCTION

Chronic kidney disease (CKD) is generously recognized as a worldwide public health problem

(12). Progressive CKD often causes tissue scarring that contributes to the irreversible renal

dysfunction and end-stage renal failure following dialysis and renal replacement (16). However,

there are no current specific treatments that can effectively arrest the progressive loss of renal

functions (7), and therefore, developing new therapies to attenuate chronic renal disease is of great

importance.

Renal fibrosis, characterized by tubular atrophy, interstitial inflammation and excessive

accumulation of extracellular matrix (ECM) proteins, is the final common manifestation of CKD (9).

Chronic unilateral ureteral obstruction (UUO) is a representative animal model to investigate the

pathophysiology of renal fibrosis (30). In the past few years, many studies have been performed to

identify the pathogenesis of renal fibrosis and accumulating evidence suggests that both

inflammation and oxidative stress play important roles in this progression (10). In the chronic UUO

model, leucocyte recruitment evokes the expression of chemokines, cytokines and adhesion

molecules (5). Monocyte chemotactic protein-1 (MCP-1), one of the most important mediators in

renal inflammatory process, has the ability to induce fibroblast to increase the production of

collagen (26). Oxidative stress causes tubulointerstitial injury by lipid peroxidation, increasing

hydrogen peroxides, DNA breakdown, and protein damage (4). Oxidative stress has also been found

to play a crucial role in renal fibrosis by regulation of interstitial fibroblasts proliferation,
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myofibroblast activation and extracellular matrix accumulation (5, 25).

Accumulating studies reported that polyphenolic compounds possess anti-oxidant,

anti-inflammatory, and cardiovascular protective activities in various experimental models (2).

Green tea polyphenol pretreatment protects rabbits from renal ischemia-reperfusion injury (20).

Resveratrol is structurally similar to green tea polyphenol and has been reported to suppress renal

interstitial fibrosis markers including ECM deposition, myofibroblast accumulation, and

macrophage accumulation in UUO model (14). Caffeic acid phenethyl ester (CAPE) is also a

polyphenolic compound which has been demonstrated to exhibit anti-oxidant, anti-inflammation

and anti-fibrosis effects, but rapid decomposition by esterases reduces its bioavailability in vivo

(2,27,28). Caffeic acid phenylethyl amide (KS370G) is a synthetic caffeamide derivative and has

been reported to exert hypoglycemic effects in diabetic mice, cardiovascular protection in

pressure-overloaded mouse hearts (27, 28). However, the protective effect of KS370G on

UUO-induced renal fibrosis, inflammation and oxidative stress has not been explored. The present

study was undertaken to examine the potential therapeutic effect of KS370G in a murine UUO

model.

MATERIAILS AND METHODS

Ethics statement

The investigation was performed in accordance with the Guide for the Care and Use of Laboratory

4

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96



Animals published by the US National Institutes of Health (NIH Publication No. 85–23, revised

1996) and was approved by the Institutional Animal Care and Use Committee of the National

Taiwan University.

Chemicals

KS370G was obtained from Professor Kuo's lab by the amide-binding coupling method as

previously described (2, 27, 28).

Animals and experimental design

Seven-week-old male ICR mice (BioLasco Taiwan Co., Ltd) were bred at the National Taiwan

University College of the Medicine Experimental Animal Center, maintained in a temperature- and

humidity-controlled (22 °C 1 °C and 60% 5%) environment with a 12-h light—dark cycle and

given free access to food and water. After 1 week of acclimatization, the mice were randomly

divided into 4 groups, including a sham-operation group (sham), UUO-operation group (UUO),

UUO group with oral gavage of vehicle once a day (Veh), and UUO group with oral gavage of

KS370G 10 mg/kg once a day (K10). To establish the UUO model, a midline abdominal incision

was made on the mice after anesthesia using pentobarbital (80 mg/kg intraperitoneal). The left

ureter was then ligated with 6-0 silk suture and the incision was closed in layers. Sham animals

consisted of a similar midline abdominal incision, but the left ureter was not ligated. KS370G (10
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mg/kg) and vehicle (RO water) were administered from the next day after operation for 13 days. All

animals were sacrificed by CO2 overdose on day 14 after UUO or sham operation. The kidneys

were then rapidly removed and rinsed in ice-cold 0.9% NaCl solution.

Renal histological analysis

The kidneys were immersion-fixed in 10% buffered formalin and embedded in paraffin. The

blocks were cut into 4-μm thick sections and stained with Masson’s trichrome or Picrosirius red to

evaluate the degree of renal interstitial fibrosis and collagen deposition after UUO. Sections were

examined by a microscope and photographed with a digital camera.

Plasma Angiotensin II and TGF-β1 enzyme-linked immunosorbent assay (ELISA)

Plasma levels of Angiotensin II (AngII) and TGF-β1 were measured using commercial ELISA kits

(R&D systems, Inc., USA) according to the manufacturer’s instruction.

Renal tissue level of malonaldehyde (MDA)

To determine the level of lipid peroxidation in the kidney tissues, the level of MDA, a biomarker of

free radical-mediated oxidative stress, was measured using commercial ELISA kits (Abcam, USA)

according to the manufacturer’s instruction.
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Western blot analysis

The protein expression in kidney cortex tissue was analyzed by western blotting. Approximately 40

μg of total protein were loaded on 8% or 12% sodium dodecyl sulfate-polyacrylamide (SDS) gels

and transferred to a polyvinylidene difluoride (PVDF) membrane by electroblotting. After blocking

with 5% non-fat milk for 1 h in room temperature, the membranes were separately incubated with

Collagen I (Santa Cruz Biotechnology, USA), fibronectin (Cell Signaling, USA), α-smooth muscle

actin (α-SMA) (Abcam, UK), vimentin (Genscript, USA), vascular cell adhesion molecule-1

(VCAM-1) (Santa Cruz Biotechnology, USA), intercellular adhesion molecule-1 (ICAM-1) (Santa

Cruz Biotechnology, USA), MCP-1 (Cell signaling, USA), TGF-β1 (Cell signaling, USA), p-Smad3

(Cell signaling, USA), Smad3 (Cell signaling) and GAPDH (Santa Cruz Biotechnology, USA)

primary antibodies at 4 °C with gentle shaking overnight, followed by the appropriate horseradish

peroxidase (HRP)-conjugated secondary antibodies. The protein expressions were detected by

western lighting series HRP chemiluminescent substrates and captured on light-sensitive X-ray

film.

Statistical analysis

All data were shown as the mean ± S.E.M. Statistical analysis was performed by one-way analysis

of variance (ANOVA) with post-hoc test. P < 0.05 was regarded as statistically significant.
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Results

KS370G decreases UUO-induced renal interstitial fibrosis

To assess the potential effect of KS370G on UUO-induced renal fibrosis, we examined kidneys

sections by Masson’s trichrome staining. Masson’s trichrome staining indicated that renal interstitial

fibrosis was markedly expressed in the UUO and Veh groups. KS370G treatment markedly

inhibited renal interstitial fibrosis at 14 days after UUO (Fig. 1, A and B).

KS370G reduces UUO-induced collagen deposition and the expression of fibronectin and type I

collagen

In addition, ECM deposition is one of the important process in renal fibrosis, the renal expressions

of type I collagen and fibronectin were examined. We also evaluated collagen fibril deposition by

Picrosirius red staining, which is a more specific method to detect the collagen fibril. Picrosirius red

staining showed that collagen fibril deposition was significantly increased in the UUO and Veh

groups compared with sham-operated kidney. KS370G treatment decreased UUO-induced

deposition of collagen fibril (Fig. 1, A and C). Western blot analysis showed that fibronectin and

type I collagen expression was significantly increased in the UUO and Veh groups. KS370G

treatment significantly ameliorated the UUO-induced increase of fibronectin and type I collagen

expression. (Fig. 1, D-F). These data suggest that that KS370G improved UUO-induced renal

fibrosis and ECM expression.
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KS370G inhibits UUO-induced myofibroblast activation

There are many evidences suggested that renal interstitial fibroblasts are activated and

differentiation into myofibroblast after ureteral obstruction. Therefore, two markers of

myofibroblast, vimentin and α-SMA, were examined. Western blot analysis showed thatboth

α-SMA and vimentin expression was increased in UUO and Veh groups compared with sham

operation. KS370G treatment markedly decreased the UUO-induced increase of α-SMA and

vimentin expression. (Fig. 2) These data suggest that KS370G decreases accumulation of

myofibroblasts after ureteral obstruction.

KS370G attenuates UUO-induced inflammatory chemokine and adhesion molecules expression

Renal inflammation is the hallmark of most renal diseases including obstructive nephropathy.

Therefore, we examined the expression of inflammatory chemokine and adhesion molecules after

UUO with or without KS370G treatment. In western blotting, VCAM-1, ICAM-1 and MCP-1

expression was elevated in UUO and Veh groups compared with the expression in sham group.

KS370G treatment significantly attenuated the UUO-induced increase of VCAM-1, ICAM-1 and

MCP-1 expression. These data indicate that KS370G ameliorates UUO-induced renal inflammation.

(Fig. 3)
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KS370G increases MnSOD and catalase expression and inhibits tissue lipid peroxidation in UUO

kidney

Oxidative stress induced by UUO was assessed by measuring the expression of MnSOD and

catalase, as well as the lipid peroxidation. Western blot analysis showed that MnSOD and catalase

expression was significantly reduced in UUO and Veh groups. KS370G treatment markedly

reversed the expression of MnSOD and catalase (Fig. 4, A-C). ELISA assay revealed that lipid

peroxidation was also increased in UUO and Veh groups. KS370G treatment significantly

attenuated UUO-induced lipid peroxidation (Fig. 4 D). These data indicate that KS370G exerts

anti-oxidant effect to inhibit UUO-induced oxidative stress.

KS370G decreases UUO-induced AngII and TGF-β1 expression via Smad3 signaling pathway

AngII and TGF-β1 are two important factors in the renal diseases. The plasma AngII and TGF-β1

level was increased in the UUO and Veh groups compared with the level in sham group. KS370G

significantly reduced the UUO-induced increase of plasma AngII and TGF-β1 (Fig. 5, A and B).

Consistent with the ELISA data, western blot analysis revealed a significant elevation of TGF-β1

protein expression that was reduced by KS370G treatment (Fig. 5, C and D). Next, we assessed the

phosphorylation level of Smad3, a crucial downstream signaling molecule of TGF-β1. The

phosphorylation of Smad3 was increased in the UUO and Veh groups compared with sham group.

KS370G treatment significantly inhibited the UUO-induced increase of phosphorylated Smad3 (Fig.
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5, C and E). These data suggest that KS370G blocks the UUO-induced activation of AngII and

TGF-β1/Smad3 signaling pathway.

Discussion

In this study, we demonstrated that KS370G attenuates renal injury in an UUO-induced renal

fibrosis model, preventing ECM deposition, myofibroblast activation. KS370G also decreases

UUO-induced inflammatory response such as adhesion molecules and chemokine expression. In

addition, KS370G reduces lipid peroxidation level and reverses anti-oxidant enzymes expression.

These protective effects of KS370G on UUO-induced renal fibrosis may be associated with the

inhibition of AngII/TGF-β/Smad3 signaling pathway.

Renal inflammation is considered as an important mechanism in the progression of renal

fibrogenesis (17). It is associated with the release of cytokines, growth factors and stimulation of

adhesion molecules expression (13). Adhesion molecules such as selectins, ICAM-1 and VCAM-1

are involved in leukocyte infiltration in the renal fibrosis condition (6). Induction of ICAM-1 and

VCAM-1 mRNA expression has been demonstrated in a chronic UUO model (20). Targeting

ICAM-1 using antisense oligonucleotides significantly decreases renal interstitial inflammation and

ECM deposition induced by UUO in mice (15). MCP-1 is also one of the most important

chemokines in the renal inflammatory process which is produced by tubular cells in response to

renal injury (26). MCP-1 mRNA and protein expressions are increased in UUO-induced fibrosis
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model (3). Furthermore, MCP-1 has been indicated to possess the ability to induce fibroblast to

increase the production of collagen (31). Our present study showed that ICAM-1, VCAM-1 and

MCP-1 expressions were increased in UUO kidneys, and KS370G significantly decreased the

UUO-induced increase of adhesion molecules and chemokine expression. These results suggest that

KS370G attenuates renal fibrosis may be associated with its expression of adhesion molecules and

MCP-1 expression.

Accumulating evidence has been demonstrated that renal fibrosis induced by several renal

diseases, such as UUO-induced nephropathy, is involved in oxidative stress (5). It was reported that

renal fibrosis induced by UUO is caused by increase of renal concentration of ROS in the

obstructed kidneys, together with the decrease expression of antioxidant enzymes, SOD and

catalase (18, 24). ROS is considered as a crucial factor in renal fibrosis by regulation of

myofibroblast activation and ECM accumulation in the renal interstitial areas (4). UUO also

increases lipid peroxidation, an oxidative stress marker, which represented by the level of MDA in

the obstructed kidneys (15, 22). Inhibition of ROS stress by a superoxide dismutase mimetic or

treatment with scavenging reagents attenuates tissue lipid peroxidation and renal fibrosis after UUO

(5). In agreement with previous studies, our data showed that UUO increases the lipid peroxidation

but decreases the levels of catalase and MnSOD expression. KS370G treatment significantly

reduces oxidative stress and reverses UUO-induced decrease of catalase and MnSOD expression,

suggesting that the antifibrotic effect of KS370G is related to the inhibition of oxidative stress
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pathway.

AngII and TGF-β1 are two main mediators in the pathogenesis of renal fibrosis (9, 12, 24). Over

the past decade, the relationship between AngII and TGF-β1 in renal fibrosis has been well

discussed (11). Several studies have demonstrated that TGF-β1 acts as a downstream mediator of

AngII-induced renal fibrosis (21, 29). Ang II triggers TGF-β1 synthesis and the higher level of

TGF-β1 stimulates the synthesis of ECM and myofibroblast activation in the tubulointerstitium (8).

TGF-β1 also activated proinflammatory gene expression such as MCP-1and ICAM-1 in 5/6

nephrectomy-induced renal fibrosis (19). Our present study showed that plasma AngII and TGF-β1

levels and tissue TGF-β1 expression were increased in the obstructive kidneys. We also examined a

key downstream mediator in TGF-β signaling pathway, Smad3, and found that UUO resulted in an

increase of Smad3 phosphorylation. KS370G treatment significantly attenuated UUO-induced

AngII and TGF-β1 production and Smad3 phosphorylation. These data suggest that KS370G

ameliorated the progression of renal fibrosis may be related to inhibition of AngII/TGF-β1/Smad3

signaling pathway. However, the detail mechanism about KS370G regulates AngII and TGF-β1 in

renal fibbrosis needs to be further investigated.

In conclusion, our study demonstrated that KS370G has the antifibrotic effect in UUO model

and this effect is associated with the reduction of inflammatory response and oxidative stress and

the possible mechanism involves the inhibition of AngII/TGF-β1/Smad3 signaling pathway.
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FIGURE LEGENDS

Fig. 1. KS370G regulates collagen deposition and the expression of fibronectin and type I

collagen in UUO model. (A) Representative images of Masson's trichrome staining and Picrosirius

Red staining of renal cortex sections in in sham-operated (sham), unilateral ureteral obstruction

(UUO), unilateral ureteral obstruction treatment with vehicle (Veh) and unilateral ureteral

obstruction treatment with KS370G 10 mg/kg (K10), 14 days after UUO. Bar = 50μm in all panels.

(B and C) Quantitative results presented as mean ± SEM of the percentage of renal fibrosis area and

collagen content. (n=6 samples each group) Original magnification × 200. (D) Western blot analysis

of renal fibronectin and type I collagen expression in sham, UUO, Veh and K10 groups. 14 days

after UUO. Vehicle group was treated with RO water. (E and F) Quantitative results presented as

mean ± SEM of the signal’s optical density (n=6 samples each group). *P<0.05 compared with

sham group. #P<0.05 compared with UUO and Veh groups.

Fig. 2. KS370G regulates the expression of vimentin and α-SMA and in UUO model. (A)

Western blot analysis of renal vimentin and α-SMA expression in sham-operated (sham), unilateral

ureteral obstruction (UUO), unilateral ureteral obstruction treatment with vehicle (Veh), and

unilateral ureteral obstruction treatment with KS370G at a dose of 10 mg/kg (K10), 14 days after

UUO. The vehicle group was treated with RO water. (B and C) Quantitative results presented as

mean ± SEM of the signal’s optical density (n=6 samples each group). *P<0.05 compared with

sham group. #P<0.05 compared with UUO and Veh groups.
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Fig. 3. KS370G regulates the expression of VCAM-1, ICAM-1 and MCP-1 in UUO model. (A)

Western blot analysis of renal VCAM-1, ICAM-1 and MCP-1 expression in sham-operated (sham),

unilateral ureteral obstruction (UUO), unilateral ureteral obstruction treatment with vehicle (Veh),

and unilateral ureteral obstruction treatment with KS370G at a dose of 10 mg/kg (K10), 14 days

after UUO. The vehicle group was treated with RO water. (B and C and D) Quantitative results

presented as mean ± SEM of the signal’s optical density (n=6 samples each group). *P<0.05

compared with sham group. #P<0.05 compared with UUO and Veh groups.

Fig. 4. KS370G regulates the expression of MnSOD and catalase and renal tissue

malondialdehyde level in UUO model. (A) Western blot analysis of renal MnSOD and catalase

expression in sham-operated (sham), unilateral ureteral obstruction (UUO), unilateral ureteral

obstruction treatment with vehicle (Veh), and unilateral ureteral obstruction treatment with KS370G

at a dose of 10 mg/kg (K10), 14 days after UUO. The vehicle group was treated with RO water. (B

and C) Quantitative results presented as mean ± SEM of the signal’s optical density (n=6 samples

each group). (D) ELISA assay analysis of renal tissue MDA level in sham, UUO, Veh and K10

groups. *P<0.05 compared with sham group. #P<0.05 compared with UUO and Veh groups.

Fig. 5. KS370G regulates plasma AngII and TGF-β1 level and the expression of TGF-β1 and
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Smad3.

(A) ELISA assay analysis of plasma AngII level in sham-operated (sham), unilateral ureteral

obstruction (UUO), unilateral ureteral obstruction treatment with vehicle (Veh), and unilateral

ureteral obstruction treatment with KS370G at a dose of 10 mg/kg (K10), 14 days after UUO. The

vehicle group was treated with RO water. (n=6 samples each group). (B) ELISA assay analysis of

plasma TGF-β1 level in sham, UUO, Veh and K10 groups. (n=6 samples each group). (C) Western

blot analysis of renal TGF-β1 expression and the phosphorylation of Smad3 in sham, UUO, Veh and

K10 groups. (n=6 samples each group). (D and E) Quantitative results presented as mean ± SEM of

the signal’s optical density (n=6 samples each group). *P<0.05 compared with sham group. #P<0.05

compared with UUO and Veh groups.
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