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Expression of Heme Oxygenase-2 and Smooth Muscle Relaxation
by Carbon Monoxide in Rat Prostate: Effects of Age and Castration

Hea Young Oh, Soo Mee Kwon, Jong Ran Lee, Sun I Kim1, Young Deuk Choi,
Sung Joon Hong

From the Department of Urology and Urological Science Institute, College of Medicine,
Yonsei University, 7Hanyang University, Seoul, Korea

Purpose: Carbon monoxide (CO), as well as nitric oxide (NO), have been proposed
as potential effectors in the non-adrenergic, non-cholinergic (NANC), nerve-mediated
relaxation of the prostate. Attempts were made to determine the localization and expres-
sion of heme oxygenase-2 (HO-2), and to observe the change in the relaxation of the
smooth muscle induced by CO, depending on age and castration, in rat prostate glands.
Materials and Methods: The prostate smooth muscles, isolated from young (125t
4.5g, n=18), adult (321+£17.8g, n=18), old (413+6.4g, n=18) and castrated adult (318
+15.2g, n=18) rats, were used. The HO-2 immunohistochemistry was observed using
the rabbit anti-HO-2 polyclonal antibody. The expressions of HO-2 were measured by
a reverse transcriptase-polymerase chain reaction (RT-PCR) and western blotting. Poly-
graphy, connecting the force displacement transducer, was used to observe the
relaxation effect of CO. To investigate the relaxation action of the CO mediated, to
the soluble guanylate cyclase (sGC) enzyme inhibitors, 1H-[1,2,4]oxadiazolo[4,3-a]qui-
noxalin-1-one (ODQ) and methylene blue were added to the reaction solutions.
Results: The HO-2 was located in the nerve fibers of the rat prostates. A quantitative
analysis of PCR products revealed greater decreased levels of HO-2 mRNA and
protein expression in the young (p <0.05) and castrated adults (p <0.05) than in the
normal adult rats. The relaxation effect of CO was greater in the adult than in the
young (p <0.05), old and castrated adult rats (p<0.05), but the effect was inhibited
by the addition of ODQ and methylene blue in all groups (p <0.05).
Conclusions: CO has an effect on the relaxation of rat prostate smooth muscle. The
expression of HO-2 in the prostate became higher with increasing age, so it is
estimated the relaxation effect of CO in the older adults will be higher than with the
other ages. Androgen deprivation decreases relaxation effect of CO in prostate smooth
muscle. (Korean J Urol 2003;44:592-598)

Key Words: Muscle, smooth, Carbon monoxide, Heme oxygenase, Castration, Pro-
state
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ofl A A5 F7tell kel NO9| o] kA 72} nitrinergic 4173 4]
Wb AR AN WA A BusEo] AR
E|3tof] 7]odlm, o] 712 NOS &4 7Ha¢h Aol St
T d7E g’

o]H3F NO o] 9ol ARA ] 7IAEE 2A4ste & &
A2 carbon monoxide (CO)7} Yom, CO= A HollA
heme oxygenase (HO)oll 2|3l hemeo©| biliverdin®} Fe* & Ak
31E) = A ollA wAsls 710l 54 HO-13} 2]
A&R o7 Wy = HO2E B ZF A #Ex1 &
5] ¥} aglol who] Bxeka ek 09| J3- soluble
guanylate cyclase (sGC)E &4 3}FA]A cyclic guanosine 3°5’-
monophosphate (cGMP)E Z7HAlZ o 24 FEz o g i
AZ] ARALEA wifeL g Fg3tcta FA=G?
A73AI9E F ol A= CO9 NO9| &53h s ghrhe B
% ek Nooll thgt ol ol nlsto] A&zt A Aol w2
APAN cod 7 2 o|stay} wistol] i3t AF& HE
fuctk ofoll ¥ AE AP sk AAol wh-E WA AjA
27 2] HO-2 Wl 7 wi3kel HO-29 A& &3t
Ay F&E =279 Cooll o3t o] &3} ¥i3) 4l sGCE
iAHE 3k 2Hg5 sl Haat skt

HE o

1L 8 S

AdEES (FAVELR nvlo]l o Feloh (LA, A7 %,
3ol Al 913t Sprague Dawley ¥4l 71 72ute] & A&
sto] de]ell we} 40 & Urlow, 27 18uke] & o] &
shodck 72t 3 H AT ST (6-8F %) 125+
45g, AW EL (12-145%) 321£17.8g, W72 (20-
22F%) 413+6.4g, AIPAAT (12-145%) 318+15.2g9]
Ak 23 Al= A4 AE 39 Aol o] Fojg om AAl
vk = 140mg/kg AERT (3H4FY, A2, 3T 1.3mg/kg
A 2}A (Bayer Korea Co., A&, 3F)& £ <533t

S AP 222 HA Aol T4 e, gl

welo] Rakels Qe Ao

2. MM EZ0|M RNA £22|

M| Aol BB AEAd 24 10mgell RNAzol"' B &
o (Iml)& Y3 4°CollA] homogenizationd}$3 th. -20°CollA]
1A 7+ &<k ¥x]3k & 100u chloroform (Amnresco Inc.,
Ohio, USA)& Wo] 7PHAl E50] & ¥, 4°CollA] 537+ v
23k thS 4°Coll A 152-7F 12,000 pme- 2 DA 2|39l
o}, A=zl F2F9] isopropanol (Amnresco Inc., Ohio, USA)

H St

20| COOl 98t o2 St o= A 7t HRQ P& 593

o Egste] 4°CollA 15E BF wAEch 4°CellA
12,000rpm o2 44 22l F AAEL 75% G E AL
A}s] 7A=ZAA diethyl pyrocarbonate (DEPC; Amnresco
Inc., Ohio, USA) A gl4& &8 A]7] &, UV-visible spectro-
photometer (Shimadzu UV1601PC, Osaka, Japan)& ©]-&3}¢]
RNAE #2819, agarose gel electrophoresis@ 28S, 18S
RNA bandS #elslgict.

3. Semiquantitative RT-PCR

215 RNA 2ugs Fste] cDNA Aol o] &3l3ict.
cDNA $AS 93t vhSalo Z 38U/ul AMV reverse tran-
scriptase XL (Life science Co., Kyoto, Japan), 0.25im Oligo
(d) T primer (Takara Shuzo Co., Ltd., Kyoto, Japan)2} 10mM
Tris-HCl, pH 8.3, 50mM KCI, 5mM MgCl,, ImM deoxyribo-
nucleoside triphosphates (AINTPs) =3toH-& A8} ). Re-
verse transcription (RT) Z71-& 42°C 304, 99°C 5%, 5°C 5%
(1 cycle)o]™] Perkin Elmer gene AMP PCR system 9600
(Applied biosystems, California, USA)E ©o]-&3}9t}. PCRol|
0]&-% HO-2 primerZ+ 5-AGAAGTATGTGGATCGGA-3’
(sense)®} 5°-TACTCAGGTCCAAGGCA-3’ (antisense), B-actin
£ 5 TGGAATCCTGTGGCATCCATGAAAC-3’ (sense)2} 5°-
TAAAACGCAGCTCAGTAACAGTCC G-3’ (antisense)S ©|
£33 el PCR HF-S-H2 50mM KCl, 10mM Tris-HCI, pH
8.3, 2.5mM MgCl,, 10mM dNTPs, 2.5U/l Takara LA taq,
0.2uM primers (sense and antisense) & ©] &3} 2, A=
o % DNA W4l F%e] DEPC Hel+E AH-g3sl3ict.
PCR-Z 30 cycle®] denaturation (95°C, 1), annealing (55°C, 2,
extension (72°C, 3&) I3 & A
ence olgelgich AtiAe) Wl AE ZAZES TINA
2.10 program (FFE R Tietr, A%, Boz Albeelet.

A, B-actine- internal refer-

4. Western blot analysis

9] A8 10% sodium dodecyl sulfate-polyacrylam-
ide (SDS-PAGE) geloll €7 #7]%d%5%& 3, hybond nitro-
cellulose membrane (Amersham Pharmacia Biotech, Bucking-
hamshire, UK) 2. & o] ZA)Z t} (200mA, 247}, 4°C). H] E-0]
A Adbs 7] f#ll 5% GAE7F £4= Tris-buffered
saline (50mM TBS, pH 7.5 Tris-HCI, 150mM NaCl)el] A1-&o|
A 1A Be AAAZ F, 1:2,0000- 2 3] 45 rabbit anti-
Heme-Oxygenase-2 polyclonal antibody (StressGene Biotech-
nologies, Glanford Avenue Victoria, Canada)g 4°Coll 4] 244]
7F BFS A At} Tween-200] 47LE TBS (TTBS)ol A 30%
ot Aol = 1:40002.2 3] 4= 0|2} A9 goat anti-
rabbit horseradish peroxidase-labeled secondary antibody (Bethyl
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Laboratories Inc., Texas, USA)2} A&l 4 147} E9F vh-&
A7l & TIBSE 30% Z<¢F A9} Enhanced chemilumine-
scence detection system (ECL, Amersham Pharmacia Biotech.,
Buckinghamshire, UK)< ©]-83}o] 175 HE& 30x F9F
=2 A7l &, molecular weight marker (Bio-rad, Hercules. CA)
2 HO-29 z7|%t #EE &gt

5. Immunohistochemistry

v Al 22E 4% para-formaldehyde 2 3L A7) 32,
st & Sim AR HEHUT Xyleneo 2 gt}
AZA 7|2 A7 v, 0.1M PBSE Aojuigdtl.
Target Retrieval Solution (InnoGenex, San Ramon, USA)< ]
glstal AR A eNA 327 71 F, 2087 Aol A 4
3|3 FRTFE AFe] AL oy PBSE 5E7F Al¥ st
WA IHibsta s 248 AAs7] Al 24 Sefel=F
03% FAAskrart 235 wg-Eoll 30 5 AAAZ
t}. Aminoethy carbazol peroxidase (AEC-HRP) immunostaining
kit (InnoGenex, San Ramon, USA)S Al-83}¢dom 33}
WH]-E- 7)o A 1:1002.2 3] 4% HO-2 rabbit polyclonal IgG
antibody (StressGene Biotechnologies, Glanford Avenue Vic-
toria, Canada)&- 4°Coll 4] 24|17k 5k wk-g-A1 Z v} ® e ub
<AE YER = $1X= 3-aminoethyl carbazol@ HHAYA]7]
3 Mayer’s hematoxylin® & thzq4 & n}lLE folog
34eln Quldes W

6. MM MEM HEHZ 0|E& CcoQ 0| 51t
1) MM HH ZE2XM: Sprague Dawley 4 W45 ¢

dollzz w7 wE AP4S AAlelsie
95% Ab29) 5% ol AkshErae] TRl FHEE Ao

tyrode &4 WellA] & dn|7dstol] AA| 27 9 A
225 AAL F, wiato i—‘%E{ Aeal BIgTe Basl
o] 2x2x6mm Z7]9] AH & EArh Tyrode7} 501 Y&

10ml 23 $o7] 7l B AHE Aag 3433 v
A e SR 43 150 skl AU BT
o] $-% AHE oA w3l 7| (Force displacement trans-
ducer, Biopac system, Santa Barbara, USA)7} 174 &-4]7]
(Polygraph, Biopac system, Santa Barbara, USA)ol|l 7] 53}
th 27 §H7|9] o]FH Ao|E HeH ZE F3AA &
ZU Y] tyrodeE 37°CE FAIstL, 95%9] A9 5%9] &
AL E@TIAE A% Fastel pH 742 A8kt

2) '=X|-E_1 _Jl\_gﬁ;; _?_%I_I- Olel-&ll XI-E:I 71§~ ZJE]A‘] J«‘)Ei]—j_
AR 27 A 2g AR FAAZ ellellA] oF 1002
&2t tyrodeE ZolFo] IAFHE 23 ]'93\-1— o] Aol
4] phenylephrine (PHE)& Fojsto] 3 AEE #2319

Aus

th I % tyrode® A2 33] o]4 Ao] HAAEE 3] 54
713 AL 05g4 Sel3 e P geellA e pre
PHES| 913 % HE% oA Hsoleh. ole)dh 24&
HkEslo] H) %S FEsL 3 FEQ Xo|7} 33
A% 02 oA £ 10% oY WIS oA FHow
Aeha ol gike AR AAelhelch

3) FEAM FEIO| ABUS: oFEol wg uHe Ay A
ol PHE (5x10°M)2] FolZ F3uhd-g shelsta, ofgo|

s}
Hhgehe R Add Agetda, o

= Ad A7A
33] o|4 tyrode® AL 20 o B AHE FAF F
APsigiet. cooll o3t gl =7 F&E A9 o|9hy
I BHL =T 999%2] CO 7FAE 37°Col|A] 1027 7%

3 A7 ARG E Folete] Basgor] Bk C
b EREA e ARAUSE Fofstel ulmakinh
99.9%2] CO 7}2=F 7] 271ellA Adsrell 37 A
§ %+ 3.6mMo|rt COoll &g A3 9| o]gto] sGCell
o1& Q1A 2517 S1af SolH <lAA] 10°M 1H-[12.4]
oxadiazolo[4,3-a]quinoxalin-1-one (ODQ)} H]E-0]& A A A|

o
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Fig. 1. RT-PCR analysis of heme oxygenase-2 (HO-2) levels in
prostate tissue from young, adult, old and castrated adult rats.
Experimental results for HO-2 (upper band) and B-actin (lower
band) expression of each groups are in A. Quantitative analysis
of HO-2 mRNA amplification normalized for -actin levels in the
same tissue samples from the dorsal lobes are in B. Values are
the meanststandard deviation. In B, significantly different
compared to young rats (¥, p<0.05) and, significantly different
compared to adult rats (f , p<0.05).
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ol 10°M methylene blue® A A 2|s}3, 5x10°M PHEZ
5547 A COF Folelel] o 99| oA AEZ B2
shedek. B3k NOoll o3t o] $hA-&-3) ulazslr] Sl#i4 NO
Fo]EA¢l 10'™ sodium nitroprusside (SNP)Z 4 7}s}o]
CO Aga FYsk o= o]k oA A=E W3t
7. SAHAE

R E ZY+= meanststandard deviation® Z &3} t)
Al 25 Aol el gk vlaie SPSS A ZE 199 one-
way ANOVA WM& o] &&l9lx, & 2§ Atole HH3k
B3 Student’s r-testS o] &t o FoFFL p<0.05

Castrated
Marker  Adult Old adult

|‘ - - -|<—oc-tubulin(55kD)

Fig. 2. Western blot analysis of home oxygenase-2 (HO-2) levels
in prostate tissue of young, adult, old, castrated adult rats. Exper-
imental results for HO-2 (upper band) and a-tubulin (lower band)
expression in the dorsal lobes are shown. Although quantitative
analysis of HO-2 protein normalized for a-tubulin levels in the
same tissue samples from dorsal lobes are not shown in here, adult
was significantly different from young rats (p <0.05) and castrated
adult was significantly different from adult rats (p <0.05).

Fig. 3. Immunohistochemical expression and localization of heme oxygenase-2 (HO-2) in prostate tissues from young, adult, old and
castrated adult rats. (A) young (x400), (B) adult (x200), (C) old (x200), (D) castrated adult rats (x200).
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1. Semiquantitative RT-PCR

7+ oAy 73 w3 AT A AellA HO-29 Wl 7}
EE Z43%17] $138le] semiquantitative RT-PCRZ mRNA2]
W3S sk Ay, B8 FollA 2F 240-bp2] PCR product
£ 93 7229 PCR producte A& Aoz Y
3 A3})e Falslgltt Fig. 1A). A7 ZEE #d
7];7}, 7, 3EAR Adr|dE vaste] 47

s

]
014l (p<0.05), 1.419H, 2.198 (p<0.05) = 7o &
H%D}(Fig- 1B).

2. Western blotting

H g Aol A HO-2¢] ‘”‘ﬂ 7=
em blotting© 2 whaA vk w35
A 36kDe] ThiE W= E &9l
a7, ek AE A2t
o] Al E9kvt (Fig. 2).

3. Immunohistochemistry

WA A Al cool $1x9k el #Belsy] fd A
X} |9 rabbit anti-Heme-Oxygenase-2 polyclonal antibody
2 REAI7] A3, B3 F9]oll B2 & heme oxidase W

@Al AstAl G s = A ehibo] | 9lar, 3

+
A [ P ]
254 I T 1
[ co
20 [ SNP
S
c 154
el
< 104
o
5_
0 T T 1
Young Adult Oold
Age

Relaxation (%)

ol ofslA A7} A== Flo] H=E ) (Fig. 3).

4. Relaxation effects

1) coofl olst ol = & AHO [ME H3 NO9
g e} vlazealr] g4 NO FolAel 10'M SNPE
ofste] 71AE w3hE st Ay, FdV)d, AV, =
drldol 22 12.1%, 23.7%, 22.7% % 13 7)ol vlsho]
A7) 2yl 7]5e] NOo| &3t o] $ka ool T w17ks)
Atk (p<0.05, Fig. 4A). CO9 o] gk &35 ol 7] 9f3fiA
B2 Aol COE Folste] 1A% Wishs a3t A3,
Tz, AT, 2d71el 47 11.1%, 18.7%, 182%
2 fd7]el wlsle] A7 =l 7]te] Coofl ot
ojglg ol = ¢ WIZg Ao g FEEAN (p<0.05), CO
9} NO9| o|stmat ol 7], A7, 7)ol
Y7k 1.0%, 5.0%, 4.5%°] %At} (Fig. 4A, B). sGC JAAIQ
ODQ A Az ¥, Cooll 93t o|ska = FW7|F, A7)
€, 7)ol 27t 6.8%, 16.0%, 14.7% 2 vl 2l 7-2] 0.61
vl 0.854H, 0.81¥] &2 74l o} (p<0.05). Methylene blue
A Ael £, coell o o]%aTE FVIT, AVIT, =
d7)o] 2+t 6.5%, 15.6%, 143%2 vX 22 0.594,
0.844, 0798 & Z+ZA3lgic} (p<0.05, Fig. 4B).

2) 7{MI7t coQ| o|2t =E0i| O|X|l= H&k co 7t=5 F
oJsto] AA=E Adr)Fe A=A FHizo 71 w3l s
W A3, Ccooll o3t o] a A= 125%F AV
0.658] %t} (p<0.05, Fig. 5A). T3k ODQS} methylene
blue A A2 &, AAE 7|79 o] KA = 77 4.6%,

o]

05 [J PHE W PHE+ODQ [ PHE+M.B.
20

157 T

10

5_

0 T 1

Young Adult Old
Age

Fig. 4. Relaxation effect analysis by addition of carbon monoxide (CO) in prostate tissue from young, adult and old rats. Relaxation result
of CO and sodium nitroprusside (SNP) was in A and the result of carbon monoxide after inhibition of soluble guanylate cyclase (sGC)
by treatment of 1H-[1,2,4]oxadiazolo[4,3-a]quinoxalin-1-one (ODQ) and methylene blue was shown in B. Values are the means+standard

deviation. In A, significantly different compared to young rats in each CO and SNP (*, '

, p<0.05). In B, significantly different compared

to control treated by only phenylephrine (PHE) in each age group (*, p<0.05).
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Fig. 5. Relaxation effect analysis by addition of carbon monoxide (CO) in prostate tissue from adult and castrated adult rats. Relaxation
result of CO and sodium nitroprusside (SNP) was in A and the result of carbon monoxide after inhibition of soluble guanylate cyclase
(sGC) by treatment of 1H-[1,2,4]oxadiazolo [4,3-a]quinoxalin-1-one (ODQ) and methylene blue was shown in B. Values are the means+
standard deviation. In A, significantly different compared to adult rats in each CO and SNP group (¥, ' , p<0.05). In B, Significantly
different compared to control treated only phenylephrine (PHE) in each adult and castrated adult (*, p <0.05).

3.1%E vX 2 7-9] 0374, 025802 7H4=s}ed (p<0.05), H] A
2|77} vlatste] & F9] o8k &3} 7H47) B9} (Fig. SB).
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7129] QAMsE wopol " AHA 2 S o] 8T WA
A ARANS A WAL AR FHZAE

H
HO-27} A3 A, 53] A €715 wet
HO-10] A2 tt& AAAZF 24 A" Zae de
HO-2-IR<- NOS-IR 41743 2 uk-3-8}= NADPH-d 417 +2
of] FAHESS Ho] NOSSF HO-27F S A7 Al E ol A
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F A uPA7A 2 AjlA el A = Nog Co9| A& 5w
7bsAel = AerE A4
742 €Ol o] $HAHE thdt 17+ NOS #4J3HZ NO
o] =247 9%, sGCE ZA43MAA GMPY FF F7L
cGMPSF #H glo] A2 ThlAS FHOE calcium-
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got, obF7A] FABA BRH o] E2 vk 2 Aol
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NOS} vPH7IA 2 sGC w2 3 A& Aoz 4=
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go] 1% Ao A7tk 3k HO2 WARESE F4s}
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A A, EH|=]= vascular endothelial growth factor (VEGF),
basic fibroblast growth factor (bFGF), transforming growth
factor-p (TGF-p) 59| AgelAEel v Q77 A esiet.

2 =

WA A4 22 oA Coe HEEe] o ghof] FoflH,
HO-29| W&l 7=+ ARI76l 7H =31 o] 2 I3l o] A7)
o] Cooll 23t o] ka7t 7k & e w FA ) rit
Q= AY-L Cooll 93t o|AFIHE FIA T AL
2 Az
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