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What Causes Bladder Fibrosis?: Abnormal Innervation or Abnormal
Bladder Dynamics

Ji Yezun Noh, Sang Won Han', Jang Hwan Kim', Chan Soo Kim', Chang Hee
Hong

From Brain Korea 21 Project for Medical Science, 'Department of Urology, College
of Medicine, Yonsei University, “Department of Urology, Hallym University College of
Medicine, Chuncheon, Korea

Purpose: Bladder tissue fibrosis is characterized by the abnormal deposition of
connective tissue within different layers of the bladder wall, resulting in "non-com-
pliance". The different etiologies of bladder fibrosis are either neurogenic, which encom-
passes myelodysplasia and spinal cord injury, or nonneurogenic, due to a bladder outlet
obstruction. In this study, bladder fibrosis was examined to see if it was due to the
effect of an abnormal innervation or to abnormal bladder dynamics.

Materials and Methods: Thirty-five male Sprague-Dawley rats (250-300g) were divided
into four groups; the normal (n=>5), bilateral pelvic nerve transection; denervation (n=10),
vesicostomy (n=10) and vesicostomy after denervation (n=10) groups. After 4 weeks,
the bladders of the animals in each group were obtained. In the histological study,
the collagen to muscle ratio from Masson's trichrome staining, and the elastin density
(%) from Van Gieson staining, were determined using a Metamorph ver 4.6r5 image
analyzer. The TGF-B1 and collagen Ill protein expressions were detected by Western
blotting.

Results: The collagen to muscle ratios of the normal, vesicostomy, denervation and
vesicostomy after denervation groups were; 0.67+0.04%, 0.67+0.04*, 1.25+0.03* and
0.964£0.02 (*p<<0.001) and the elastin densites were 14.73+£1.09™*, 16.38+2.27,
23.6+£1.93" and 18.35+1.27, respectively (**p <0.01). From the Western blotting, the
denervation group showed significantly increased TGF-B1 and collagen Il protein
expressions compared with the normal and vesicostomy groups.

Conclusions: The orders of the collagen to muscle ratio and the deposition of elastin
were; denervation > vesicostomy after denervation > vesicostomy >normal from the
histological study. The levels of TGF-B1 and of collagen Il in the denervation group
were higher than those in the vesicostomy after denervation group. The above findings
show that pressure and nerve innervation in the bladder both have significant effects
on the process of bladder fibrosis. Meanwhile, a vesicostomy could reduce the fibrotic
effect caused by denervation, although this is not complete. (Korean J Urol 2003;44:
1058-1063)
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Al 15797 A (AR, 150mg/kg)E FolekaL,
X #| 45 ¥ ketamine (SOmg/kg, i.v.) v sto], 7k o] W3

=4g Az

2 ZEEM U ZNHEEE 2

ARAA 45 3 322 o] R} Wt E A Hgka,
Foe 249
Qatdct. w3, A3k Al E Eelslr] flste] w3
] 315 (lamina propria) 910l 4 &] W3-E sl F
418} e}, Masson’s trichrome 3 A1}od, 4] W4 317352
AAE AR 3 ZeAld 259 HWH (%)= Tk, =
el w3250 Aol vles FA4sch &

o|twjrt TR E sH ok X E AAsI Fhe
H&9] H ks Falal A A=leaict. deld wWF
(%) M35 =A7] $l3to] elastic Van Geison 329 &}od,
e 24 T e A 23 F odgkadl W
g Favk Be 2A YA E42 Metamorph
ver4.6r5 o|u] A E47] (Universal imaging co., USA)E A&
sholev, v gs WARE 24 A o4 4o Lol

27 BAR AZ () % HEAA ARAAG,

Eat
B
o]

3
alL

3. EHE =& 91 Western blot

Zy Bl Wk 22 4°CollA] 0.1M PBS (potassium
phosphate sodium, pH 7.4)Z TAZAF|aL, lysis buffer
(100mM NaCl, 10mM EDTA (pH 8.0), 10mM Tris-HCI (pH
7.6), lug/ul aprotinin, 100pg/l PMSHE &#AIZct wh
WA 5% = Bio-rad protein assay kit (Bio-Rad Lab., USA)&
o] &3lo] A3} t}. SDS-polyacryamide gel (9% separating
gel, 5% stacking gel)oll 7 lane® 20uge] &S loading
sko] 120voltol] A 2417k F<F A 719355 Algsisict. e
% RS semi-dry transfer units (Hoefer, USA)S o] &3}
o] PVDF membrane (Bio-Rad, USA)®l| transfers} 3332, Ponceu
S (Sigma Chemical Co., USA)E gholgl & blocking solution
(5% non fat milk/TBST)2. &2 4°CE 24| 7+ HF-EA]A WA
AAES Abstsict. 43 3|2, F27l 1T (Oncogene,
USA, 1:50001 3]4})9} TGF-B1 (Santa Cruz Biotechnology,
USA, 1:1008] 3|45 A-&3o] 4°CollA] sl5nt vE-GA1 7
3, TBST 20mM Tris HCI (pH 7.6), 150mM NaCl, 0.05%
(v/v) Tween 20)% 1057k 33] A|%3k & o]x} A horse
radish peroxidase conjugated goat anti-rabbit IgG (Upstate,
USA, 1:20004 3]4)9} A 2ol 4 1417} #h-g-A|Zl e}, Chemi-
luminesence reagent (ECL kit, Amersham, USA)E 148 HHA)
HF-&-3F = Hyperfilm ECL (Amersham pharmacia, England)oll

A B
EZ3to] T4t} Protein standard molecular marker+
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precision protein standards (Bio-Rad Lab., USA)E ©] &3} 43l ANOVA £4-5 4193, pghol 0.05 ]Hkel A&
or, 7t A o] Ak $A2 densitometric scanning analy-  SA1% Aol Sl Aow AAw I
sis (TINA ver. 2.10e, Germany)& ©]&3}o] AHzsllx,
background unit?2] G2 WEE FAEIE e A Z 2t

WollA ¢ ko] WFE == housckeeping THA -2 alpha
tubulin (Santa Cruz Biotechnology, USA, 1:10008] 3]4)& A}

83to] ml sl ). el FF%F (@ Bzl 0.11:0.020] 2 ARA
4 EHAE T 041200102 A7ZAT 4F Foll 4l F7hslgict. 4l
. X
S Ak X a3}
dlolEl & 7+ A

[ [
ue
W saturation “

Intensi
Wintensity Left:

]

Right:
255

Area:
63465
(100.0%)

Left Sum;
2013

Right Sum:
908

Fig. 1. Photomicrographs illustrating sections from a Sham op. bladder (A), Vesicostomy bladder (B), Denervated bladder (C), Denervation
+ Vesicostomy bladder (D) with Masson’s trichrome staining (x100). Color image analysis generated histogram of the hue component
with visible light spectrum as ordinate (obtained using Metamorph ver 4.6r5 image analysis software). Band-widths within the color spectrum
correspond to collagen (blue) and smooth muscle (red), components of the bladder muscularis layers.

Right:
255

Area:
162994

[100.0%

Left Sum:
14342

Right Sum:
n

Fig. 2. Photomicrographs illustrating sections from a Sham op. bladder (A), vesicostomy bladder (B), denervated bladder (C), denervation
+ vesicostomy bladder (D) with elastic Van Gieson staining (x100). Color image analysis generated histogram of the hue component with
visible light spectrum as ordinate. Band-widths within the color spectrum correspond to elastin (black), collagen (red) and smooth muscle
(yellow) components of the bladder muscularis layers.
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7oA 27 14.73£1.0 7, 23.6£1.98, 18.35+

= 2
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Table 1. Collagen to muscle (C/M) ratio and elastin density (%)
in each group

NL \Y D D+V
C/M ratio 0.67£0.04 0.67+0.04 1.25+0.03*  0.96+0.02
Elastin % 14.73£1.09 16.38+2.27 23.6£1.98** 18.35+1.27

*: p<0.001, compared to NL and V, **: p<0.01, compared to
NL, NL: Sham op. bladder, V: vesicostomy bladder, D:
denervation bladder, D+V: denervation + vesicostomy bladder

TFG-p1

Collagen Il |© =58
NL

NL \ D D

Tt G — |

120

] Anti TGF beta 1 *

1001 HEH Anti collagen 3

80
60

40 -

Relative density (%)

20+

NL \ D D+V

Fig. 3. Relative density (%) of TGF-B1 and collagen expression
by Western blotting for each group in the bladder. This figure
shows the percentage of protein expression in the denervation
group (D). NL: Sham op. bladder, V: vesicostomy bladder, D:
denervation bladder, D+V: denervation + vesicostomy bladder *:
p<0.001, statistical analysis by ANOVA, compared to NL.

ou] = Z771F 99 (p<0.01) (Table 1).

2. Western blot

Az, R FAXNET, ABAGT, ABAT
WEFAXETdA AA 4F F HE3 WE 2HeR
TGF-p13} Zg}7 Iel] thgt Western blotS A]8§st Az},

= ZH7F 40.89+2.01, 50.86+2.12, 98.77
$3.11, 84.92+2200] o, ZFebA M= 2+ 16.94+3.02,
30.73+3.01, 96.74+2.02,  39.94+2.09%1t} (p<0.001) (Fig.
3). ATl A wbd o) wke Awo) b ge
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ZHA (extracellular matrix)2] ¥ 3}ol] o3l =32 2] ®is} g
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W 29 thE 7135l oA E A3k dQlE 7]
Aol Fafl W A7 Anpso] Hauxx Jedl, ZeHA¢]
A7 e AEZEAY wstel ZeEbal fA%

Froke] Aol A, whgskrl H45 elol W
S7Vh W T
Baga A ZebA 1 Irb 27bsksd), o] 2ok A9
Zzzebll mRNA & A7) I HE il (IFN-
v) Al Al Zagep P ek B2 g v o] W]
2hAl -3 1, 11, IV 3 metalloproteinase (MMP)-22] -4 2}
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