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Abstract: [ Objective] To investigate whether phosphodiesterase (PDE) 5 inhibitors sildenafil (SIL) or LW 1646 pre-
vented renal interstitial fibrosis induced by unilateral ureteral obstruction (UUO).[Methods] Male C57BL/6 mice were ran-
domly divided into four groups (n =6) , namely the Sham group, 7UUO group, 7UUO+SIL group and 7UUO+LW 1646
group. Sildenafil (SIL) or LW1646, or vehicle was administered 1 hour before surgery, and the mice were continuously
treated once daily (i. g., 50 mg/kg) for 7 days. The obstructed kidneys were harvested on day 7. Hematoxylin—eosin (HE)
and Masson s staining was used to examine renal histology. Immunoblotting and RT-qPCR were used to detect the expres-
sion levels of protein and mRNA for fibrosis, apoptosis, endoplasmic reticulum (ER) stress, autophagy, and pro—fibrotic

factors. Human proximal tubule epithelial cells (HK-2) were treated with TGF-B1 for 48 hours or tunicamycin for 24
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hours, respectively, to evaluate whether cyclic guanosine monophosphate (¢cGMP) or PDES inhibitors prevents ER stress
and pro—fibrotic responses.[ Results] At the 7" days after UUO, the body weight of the mice showed a significant decrease
(P<0.000 1) compared with that in the sham group. The obstructed kidneys showed a significant tubular dilation and inter-
stitial inflammation. The levels of protein and mRNA expression in apoptosis, ER stress, autophagy-related protein and
pro—fibrotic factors were also markedly increased in UUO mice (P <0.05). In contrast, SIL or LW 1646 treatment was asso-
ciated with attenuated tubular dilation, infiltration of inflammatory cells and collagen content in the obstructed kidney of
the mice. The protein and mRNA expression levels of renal TGF-B1 were markedly decreased, and the protein expression
levels of apoptosis, endoplasmic reticulum stress, and autophagy markers were also significantly downregulated by PDES
inhibitors. In HK-2 cells, TGF-B1 induced increased expression levels of fibronectin and BiP, which was at least partial-
ly reversed by ¢cGMP, a product of PDE inhibition. Additionally, PDES5 inhibitors were found to modulate aberrant levels of
autophagy and apoptosis. [ Conclusion] In conclusion, PDES inhibitors, in particular, LW1646, can alleviate the progres-

sion of fibrosis by improving ER stress, apoptosis and autophagy as well as downregulating protein and mRNA expression

of TGF-BL1.
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*®1 /INERT-qPCR3|#1F7FI
Table 1 Primer sequences for RT—-qPCR (mouse)

Target gene Former primer sequence (5'~3") Reverse primer sequence (5'~3') Lengths/bp
TGF-B1 CTCCCGTGGCTTCTAGTGC GCCTTAGTTTGGACAGGATCTG 133
a-SMA CCCAACTGGGACCACATGG TACATGCGGGGGACATTGAAG 170
Collal GCTCCTCTTAGGGGCCACT CCACGTCTCACCATTGGGG 103
GAPDH TGACCTCAACTACATGGTCTACA CTTCCCATTCTCGGCCTTG 85

64 4832 22 5 (F=12.89,P<0.000 1), 7UUO 4 .
SIL 2524 \LW1646 45 2540 [ (22.04+0.29) g, (23.00+
0.31)g, (22.77+0.28 ) g ] AN} T-B TF A 41 /N BRUAA
15(25.1240.52) g 1 & T B (45 240 P{E19<0.000 1) ,
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/N B R B R T 7UUO 4 (P= 0.163 6, P=
0.164 7), 25 G THFE L. FE45T PDES Il
7dJ5 , SIL 20 /)y B BT 3 (23.15+0.37 ) g . LW 1646
/N BRI R (22.98+0.25) ¢ ¥ % B T 7UUO 41
(22.22+0.27) g (P=0.336 1>0.05, P=0.248 5>0.05) ,
EIYE TR TR N (24.5+0.79)g(P=0.049 2>0.05,
P=0.071 4>0.05; & 1)

27¢ UUO
6F - ¢
25}
24}
nl 3 iy g
é 2)§ : l\ I

21 F
20

Body Weight/g

Day0 Dayl Day2 Day3 Day4 Day5 Day6 Day7

==Q==TUUO+SIL A TUUO+LW1646

Note: Data are presented as ¥ + s, (n =6/group). SNK’ s multiple
comparison test after ANOVA was used to compare different treatment
groups. "' P < 0.05 compared with Sham; ® P < 0.01 compared with
Sham; ¥ P < 0.001 compared with Sham.

1 PDES#FIF T & H/NRERERF I

Fig.1 Effect of PDES inhibitors on body weight of

Sham, 70U0, 7UUO+SIL, 7UUO+LW1646 mice
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H&E staining

Masson’s staining (400x)
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== 7UU0 ™= 7UUO+LW1646
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Sham  7UUO 7UUO+SIL 7UUO+LW1646

H&E staining (A) and Masson s straining (B C) results show tubular dilation (red arrow), inflammatory cell infiltration (black arrow) and collagen

content in the kidney on the obstructed side of the mice were alleviated by continuously treating mice with SIL or LW 1646 once daily (i.g., 50 mg/kg) for

7 days (400% magnification).
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Fig.2 Renal pathology in Sham, 7UUO, 7UUO+SIL and 7UUO+LW1646 mouse kidneys
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A and B representative corresponding densitometry analysis and
immunoblots of protein expression levels in the kidney of Sham, 7UUO,
7UUO+SIL, 7UUO+LW 1646 mice. Data are presented as x*s_ (n =6/
group). SNK’s multiple comparison test after ANOVA was used to com-
pare different treatment groups. " P < 0.05; % P < 0.01; P < 0.001.
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Fig.3 PDES inhibitors decrease TGF—-f1 protein

expression in the kidney of 7UUQO mice
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mRNA expression levels of renal TGF-B1, aSMA, Collagen I were differentially downregulated with administration of SIL or LW 1646. Data are

presented as #+s_ (n =6/group). SNK’s multiple comparison test after ANOVA was used to compare different treatment groups.

3P <0.001.

VP <0.05%P<0.01;
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Fig. 4 PDES inhibitors decrease TGF-31, aSMA, Collagen I mRNA expression in the kidney of 7UUO mice
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A and B representative corresponding densitometry analysis and
immunoblots of protein expression levels in the kidney of Sham, 7UUO,
7UUO+SIL, 7UUO+LW 1646 mice. Data are presented as x+s_ (n =6/
group). SNK’s multiple comparison test after ANOVA was used to com-
pare different treatment groups. Renal elF2a and p—elF2a/ elF2a ratio
difference used Dunn Kruskal-Wallis multiple comparison after Krus-
kal-Wallis test. ' P < 0.05; > P < 0.01; VP < 0.001.
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Fig. 5 Effect of PDES inhibitors on attenuating protein

expression of ER stress—related protein in 7UUO mouse

kidneys
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A and B representative corresponding densitometry analysis and
immunoblots of protein expression levels in the kidney of Sham, 7UUO,
7UUO+SIL, 7UUO+LW 1646 mice. Data are presented as x+s_ (n =6/
group). SNK’ s multiple comparison test after ANOVA was used to com-
pare different treatment groups. " P < 0.05; % P < 0.01;* P < 0.001.

BEl6 PDES#HIFEEE70U0 /NG 15 Rk 48 27 1) J5 ) Rz 30
HEXEBERIE

Fig. 6 Effect of PDES5 inhibitors on attenuating protein

expression of ER stress—related protein in 7UUO mouse

kidneys
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A and B representative corresponding densitometry analysis and
immunoblots of protein expression levels in the kidney of Sham, 7UUO,
7UUO+SIL, 7UUO+LW1646 mice. Data are presented as ¥+s. (n =6/
group). SNK’ s multiple comparison test after ANOVA was used to com-
pare different treatment groups. ' P < 0.05; % P < 0.01; * P < 0.001.
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Fig. 7 Effect of PDES inhibitors on attenuating protein

expression of autophagy-related protein in 7UUO mouse

kidneys
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A and B representative immunoblots and corresponding densitom-
etry analysis of protein expression levels in the kidney of Sham, 7UUO,
7UUO+SIL, 7UUO+LW 1646 mice. Data are presented as x+s_ (n =6/
group). SNK’s multiple comparison test after ANOVA was used to com-
pare different treatment groups. Renal Bel-2/Bax ratio difference used
Dunn Kruskal-Wallis multiple comparison after Kruskal-Wallis test. "
P <0.05;” P<0.01;”P<0.001.
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Fig. 8 PDES inhibitors attenuate protein expression of

apoptosis—related protein in 7UUO mouse Kidneys
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A and B representative immunoblots and corresponding densitom-

etry analysis of protein expression levels in the HK-2 cells of CTL,
TGF-B1, TGF-B1+cGMP. Data are presented as X+s. (n =4/group).
SNK’s multiple comparison test after ANOVA was used to compare dif-
ferent treatment groups. "' P < 0.05; > P < 0.01; * P < 0.001. FN: Fibro-
nectin.
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Fig. 9 c¢GMP inhibits TGF-B1-induced fibrogenic

response and endoplasmic reticulum stress in HK-2 cells
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A and B representative immunoblots and corresponding densitom-
etry analysis of protein expression levels in the HK-2 cells of CTL, TM,
TM+SIL, TM+LW 1646. Data are presented x+s_ (n =4/group). SNK’ s
multiple comparison test after ANOVA was used to compare different
treatment groups. ' P < 0.05; > P < 0.01; * P < 0.001.
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Fig. 10 PDES inhibitors inhibit TM—-induced fibrogenic

response and endoplasmic reticulum stress in HK-2 cells
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A and B representative immunoblots and corresponding densitometry analysis of protein expression levels in the HK-2 cells of CTL, TM, TM+

SIL, TM+LW1646. Data are presented as ¥+s. (n =4/group). SNK’ s multiple comparison test after ANOVA was used to compare different treatment

groups. ' P <0.05; ¥ P<0.01; ¥ P <0.001.
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Fig. 11 PDES inhibitors inhibit TM-induced autophagy response in HK-2 cells
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A and B representative immunoblots and corresponding densitometry analysis of protein expression levels in the HK-2 cells of CTL, TM, TM+SIL,

TM+LW 1646. Data are presented as x+s_ (n =4/group). SNK’s multiple comparison test after ANOVA was used to compare different treatment groups.
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Fig. 12 PDES inhibitors inhibit TM—induced apoptosis response in HK-2 cells
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