Proteomic Analysis of Penile Protein Alterations in a
Rat Model of Cavernous Nerve Injury
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Purpose: Cavernous nerve resection (CNR) in rats is a standard model
of animal experiments on erectile dysfunction (ED) that occurs after radical
prostatectomy (RP). Injured cavernous nerves after surgery can cause
fibrosis and apoptosis that lead to penile structural changes that may be
accompanied by alterations of protein expression. This study aimed to
analyze the changes in protein after CNR in Wistar Kyoto rats.
Materials and Methods: Using 8-week-old male Wistar Kyoto rats, sham
and CNR operation under a microscope were performed. Two and 8 weeks
after surgery, we applied 2-DE and MALDI-TOF/TOF (AB 4700) to iden-
tify differently expressed penile proteins after CNR. 2-DE gels were stained
with silver nitrate and were analyzed with PDQuest. After in-gel digestion,
peptide mass spectra were obtained by MALDI-TOF/TOF mass spectro-
metry in the positive ion reflector mode. The obtained data were screened
with a rat database from both the NCBI and the Swiss-Prot/ TrEMBL home
page.

Results: The proteins that were changed more than 1.5-fold compared with
the sham group were annexin A4 and pyruvate kinase (PK). Annexin A4
was increased by 1.75-fold after 2 weeks, whereas PK was decreased by
416 after 8 weeks. These results were confirmed by immunohistoche-
mistry.

Conclusions: Annexin A4 in the CNR group was increased, which may
be related to emiocytosis during apoptosis. The decrease in PK of the CNR
group is assumed to be related to a decrease in efficacy during glycolysis.
Further study will be needed to elucidate the molecular pathophysiology
of ED after cavernous nerve injury. (Korean J Urol 2009;50:498-504)
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A A F d%Bo] Sl vl BdA e 2 3 o] 3MF A7 A
719} Boke] W3hE Ho|w, Peyronie’s disease, 5/ AEE 7% oF 30,0007H9] FAAE THA AL QLo FA A <]
71%, 717 52 2749 7= ¥ 715 WikE st slo] W E = AL H 43 wiuk A o] o7 FAH
P 87 Agte] 727, 7153 wshe 274 Wl whaA A glek! o] et fAAL W a) gl Wkl Ao]of] EAfe}
H5lo]] o]slo] BAlsl =1 FA Q] A= F-4 A} (genome) = Xpo]= M o]Z 4] (post-translation modification)ol] <]
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tol ek S Bels) @ 4 glov], Aol S
wehe Fgstelol 248 & gleh DAl o8
&2 Al 7149 old), Aek 1 A28 Jelolq 2y
o §o] 7hielo] chopdt Fololl A A vigto 2
3] 7140 el o] §51 3 glom! T % u3]
Aghol] i3t Q77 A3 ghek
AL F719 P SHAAGAAAE F 2739
WA £l wE BARA B BUE FFebn
lov], g, w¥ek % Wk A S 714 AR W)
BAS TS A BARA A AR E 349 T
27 9 7158 Wake S4smAe] T Wtel) wig
Fa g AoE Az, WA LA s
#3hol] T3t QAT mlE g Agolek. olo] AAHES W]
B9 1ol de) AgH T Qi wAle] SANEA A7
Egmaola SANEA D) 0 et el &
7 8% A7) 27kel Bt g MekE deleludt ek

L HESE M

75 2] WA (Wistar-Kyoto rats; WKY)© T4 AE 5=
A)NA FYzted, ZATga FEAPFEAL3] &
Aol whel HAFstch +9 F 15 F5717 F 85

=T

I SAAAANA Bl 7 eubel 4 AlAbesich AE
559 " & ketamine (8 mg/100 g, fF-8HFsl)3} xylazine

08 mg/100 g, vfolalTeloh e Eiteto] el ub

A & 555 Afsta FAE g Beks AAsle 5et
AN F e Sdsta AQete] WAE B E3A
7 24277 wrelelict. S AHAANAE & flsto]
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Nz SANUANT Akre] WA 5 ¥ 25,
= ANFE AR5 v = keta-

rekekel) 7} xylazine (0.8 mg/100 g, vlo]
Adizlohg Eete] Lo, viH ¥ Heus A
Mete] AEA 7|3, MEste] A sHAE A Esldet. o
A A7 5ol o] &2 FAMHAE 27 AF, AE F

—

LS = 4
& S5 AAY 5 D) dhe] 24 9l ghie] AR

=ol7] §J3l S sm x| =2& 1x phosphate buffered saline
(PBS) solutions ©]-§3}0] 33] o] AlXsle] HNA LS
3 AAR F JAALE o] &3te] AF3] WEAlT
%, 54 A —80°Col ] Maege). wel 2 spere )
< % SAMNHAI= F%F F 4% paraformaldehyde (0.1 M,
pH 742 1% 59t R4 0 SRS Axeto] sheba

3. O|RFAIMI| ¥ SH (2-dimension electrophoresis; 2-
DE)

il EAS flske] 573 #lH 4] =42 2-DE buffer (8
M urea, 2 M thiourea, 65 mM dithiothreitol 2% CHAPS, 1x
protease inhibitor cocktail [Roche])oll4] ZZ=}s)|7] & o] &3}
of st shalEl =2 N 12,000xg 2 10°Coll A 10
7 A EEsle] A A vl 5=+ Bio-
Rade] Rl A% FES o] gajo] ZHsjglon], 250
WAL rehydration buffer (8 M Urea, 0.28% dithiothreitol,
0.5% CHAPS, 10% gylcerol, 0.5% appropriate ampholyte,
0.002% bromopyenol blue)Z 3] A3}t thlA 200 g
immobilized pH graident (IPG) strip (pH 3-10 non-linear)ol] &
7}&}o] isoelectric focusing (IEF) cell (Bio-Rad)oll4] 100 V 2
A7}, 500 V 1417}, 1,000 V 147}, 3,000 V 14]7}, 5,000 V
1417k, 8,000 V 9417 59k 20°C 1X4%) TEF o 25 4
A3t} IEF & 27+ stripS 50 mM Tris-HCI (pH 6.8),
6 M urea, 20% glycerol, 2% sodium dodecyl sulfate (SDS),
0.01% bromophenol blue B! 5 mM tributylphosphine®] 10 ml
T HH &Ml A 2087 FHEcE HHHA stip 12%
SDS gelell o] A3k % 30 V 1A17F &<k A7 553 2
2% 30 v A7l Eae

4. 2 QMY (silver staining)

welsl el B ARG W] Sskel & ol
£ AA8F9 ) Gel2 50% methanol, 12% acetic acid, 0.05%
formaladehyde”} & A HollA] A3 & 50% ethanolZ 20
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B2k 23] AEETh 1 F 0.02%2] NaxS,0:2 187 72
3} (sensitization)E A]3¥s}Ac}. Gel 33] A8l 0.1%2
silver nitrate”} S SHol|A] 2087+ wilokslgic). FEsH
ZFTrE A 2™, 0.0002%2] NasS,0s,
3% NaxCOs, 0.025% formaldehyde7} & 1}l g-ool 4 ural
stk el HR)= 1.5% EDTAS] H7kZ 19l

silver nitratex

5. In gel digestion 2! mass spectrometryS 0|8t E
HHXl =X
=2 oo

< Qo whaE il sporg geloll Al A slo] 15
mM K;[Fe(CN)6l/50 mM Na,S,0;, 2.2 15587+ &g st ich
Gel 27+ 50% ACN/100 mM NH,CO; 2.2 155-7F 38 A
Hepleh. ACNS2 1583 D8 Al F 7 xhf spot
£ SpeedVaco & 1057 YA Ee] 3ot 2 & DTTE 3+

A9l o™ idoacetamide & LZ-2I 3} A|ZA vl 2L % digestion
buffer (20 mM NHHCO;0ll 12.5 ng/ #1 trypsin d 7}l 4]
37°Coll Al 16A17F o] &3tAZ . Feto]l = A& 50%
ACN/0.1% formic acid S0 u17} & SNollA FEslo]
SpeedVace 2 1047+ A4 EElskdet. 552 10 119
0.1% TFAZ £33k %, ZipTip Cis AHOE 3L AAs
t}. Peptide masst= MALDI-TOF/TOF mass spectrometry
(AB4700, Applied Biosystems)Z 248} t}. A= spectra
+ MASCOT (Mastrix Science, UK) programe Ah&-3}l+=
Global Protein Server Explore 3.0 software® £43}9c}t. &
A1 7331<= NCBI (http://www.ncbi.nlm.nih.gov), Swiss-Prot/TrEMBL
homepage (http://www.expasy.ch/sprot), MS-Fit (http://prospector.
ucsf.edu) B! ProFound (http://prowl.rockefeller.edu)Z 71 A5}

ek,

A
WKY sham WKY CNR
» pH10 pH3 < NL » pH10
B S

WKY sham

WKY CNR

» pH10 pH3 <

= «—— MW (kDa)

NL

Fig. 1. Two-dimension electropho-
resis image of the rat penile caver-
nosum tissue. (A) after 2 weeks, (B)
after 8 weeks (1: Annexin A4, 2:
Pyruvate kinase, WKY: Wistar
Kyoto rats, CNR: cavernous nerves
s . resection).
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FZA7) 3L, xylene 2 2 547k 33] ©to] stk A AR
¥ 100%, 95%, 90%, 80%, 70% Yol 384 Xl ¥ Z
Fraroll Yol 3k<r3lsledt) 0.01 M sodium citrate 28 (pH
7.4)°l 4 0 3 sl Ak
0.5%H,0,5 ©]-&3}9] peroxidaseS blocklng AlZ)aL 13} 3
A annexin IV (sc-1930, Santacruz, USA, 1:200)5 F-2ts}a
4°CollA] B HhgAIZ ek PBSE ©]-&-3lo] 524 33] A
& % 22} k|9 biotinylated pan-specific antibody (1:200)&
AZoll A 1A17F B3 WA F e PBSE o] &3ke] 584
33] A1F 3 ABC reagentS A-2ollA 1A7F B¢t HFEAIZ
t}. DABE 287F HF-2-A]7] & PBSE o] &3o] 5E7F 23]
AX & FHTE ol &slo] 587 Al sl3ich. Methyl green
o2 zgdd ¥ 4TI} xyleneo & BAl#A permount
2 Holslo] annexin IVY WHg sn|7 o2 A9}

31 microwaveE 557F #

T 25 ¥ 9 8F ¥ U= e vlaste] S HA
A7 Arkol| A xpo| & Kol 13709 spots sl o
™, o] T A|Zbel] whg} ¥W3HE Kol vhilg A T4
. & 25 F o] Kol & H9l spot 1 (Fig. 1A)F} 8F
ko] Xpo] & H4Ql spot 2 (Fig. 1B)E AHslo] peptide
ZA3}t spot 1<
pyruvate kinaseZ ¥Q1¥| ¢t} (Table 1).
Annexin A4 S HHA A AA 25 = rﬂz TE
o ulsle] 175802 Z7} (p<0.05)3F o), 85 Tofl=
Z T FAS e g 7H439d )k Pyruvate kinase®
%73 A A7 AA| 25 Foll= WSS HolA| §kor),
Foll= iz gl vlgte] 416 ZHA3ck (p<
0.03) (Fig. 2).
w223kl At SANAANE HA 257 F

o
j= 4
annexin A49] B8 Z717} gal=] 9} (Fig. 3).

=

_.1

O

sequence matching annexin A4, spot 2T

fr = e

A7)k 0]7 kT ZAE A =] 110 O %
7. MBI 2N g ma 204171 QA7 A Z2AETL s el wheh B 74
BRES AT 5 I Hglon] o] F o &4 Aol vtk
BE RAT RS A% A9 ARE 9 AFS A% /14 AT 2 A 2709 A% AT Sl Fu 9N
o] 33] o4 Axetglom, Tl W) Folrl hz f% Al ATHoIAT Qut. whulxIshe A bl o] Wt
3 vlarste] 15u o] F7F &2 AE Hel A5 2] AFshe 7|24 AAA A = & "J%‘ T Ve A
9 A%z st A AL F Aol R WIS HAY 4 e Aol
hol, AAA gl vzl A2 7]5ll EH°& U5 AlESHE
2 3 ARE BAlo] heiel, sk, Mgk AL} AT
of it X185 I3 Aol E3& £ F Aok =3 AE
WA o hz FETd FAMAANE AT 7 2 Aol A AL fFAs AR HEFAER Ao
F ¥ 285 F AN SAMUAZ oA A/gBHe o) 2ANEE A BUiE & Ay A Aol
2 Rt 3 24 S olgste] 1,0007] o] el gk Bt E3keh gl o] Wizt 8l A% 7k Al S A
e #AAeklar, A71ds AEE A (Fig 1A). ghehd Aol 717 9] ofafl, Rck 9l X 5o g el &3t
Table 1. Up- and down-regulated proteins in cavernous tissue after cavernous nerve resection
Accession no SC
' . 4 . .
No Protein name pI/Mr (kDa) /Data base Score %) Peptide sequence Function
1 Annexin A4 1.75  5.31/35,826  37999910/NC 91 15 AASGFENATEDAQVLR Phospholipase
P55260/SP INQTYQQQYGR inhibitor activity
SLEEDICSDTSFMFQR
NKPAYFAER
2 Pyruvate kinase, —4.16  7.42/57,719 P52480/SP 34 5 NTGIICTIGPASR Glycolysis to covert

isozyme M1/M2 APITAVTRNPQTAR phosphoenolpyru-vate

to pyruvate

The names of the proteins, pl and Mr values, accession numbers in both the NCBI (NC) and SWISS-PROT (SP) databases, probability
score (Score), and the sequence coverage (SC), peptides representative of the identified sequences are presented. Increases or decrease
of at least 1.5-fold in triplicate experiments were considered to be significant (p<0.05)
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2 weeks 8 weeks
Sham CNR 1,500 - after operation after operation

i ¢ 1,000
)
Annexin [V - ‘ o 500

0 IﬂL

Sham CNR Sham CNR

2 weeks 8 weeks
1,500 after operation after operation
1,000
. )
Pyruvate kinase ©
500
‘B

Sham CNR Sham CNR

Fig. 2. Two-dimension electrophoresis patterns showing up- and down-regulation of important proteins in penile tissues by cavernous nerve
resection (CNR) as compared with sham operation (*: p<0.05).

Fig. 3. Immunohistochemical staining of annexin A4 in cavernous sections obtained from the penile tissue 2 weeks after sham or cavernous
nerve resection (CNR) operation ((A) sham x200, (B) CNR x200, arrow: endothelial cells, arrow head: smooth muscle cells).

BEE AFE F Sk QA hiAShE vig o 2 sl ol A8E S8 7heAE AABch Wy o] ubage
T Fobw ARH o Z ujxo] 7t glon, WelAel e ko] o} 2 (collagen) B B A (elastic fiber) T4 A £
A 71T 9 B 7| 2dFe] e AEAEE s o] Wistel wpE S =A 9] F=ZQ] Hstel] osle] 1t
k. He Aoz dHA Qo SANHEANA £ A A

tEA 9 57 #lHax] 229l Peyronie’s disease®} ¥ 5 A ] v A4S 9 AERAE F8 AR3 Ao
A T MAE o] &3 AP FE A7t EdslA o] Fo VA Blo] 7| 84S fabsls oz AzkEy 1 71A
A3 9l 0w ¥ Domes 5" Peyronie’s disease?] M4 F < wesiA AwslAl s Fela ok A AN &
< o] &3 chilA Aol A A =F 9 F24 HE 4 T i AsE 27) whl whs o] wsl= Wby R o] kA
frbshe wh o] wstel] diste] Harsled, 49, 2k gl I QAdAe] F Ao g AZEM, 27| Wz} o|F A7t
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pyruvate kinase2] 4.16Wl] 745 2191391t} Annexin A4
AZsfel] ZAsHE Catol SJstel 245 944 7
A 2 A E2]F-F (exocytosis) B A|ES] €I £H| =
of] o gheh > Annexin A4 thekak AE Bl 2 o) 4]
4 WY 4 200, 43 24014 amexin A4S] 3
o] Z71E ok SAYHARA £4F 23 T 2 FETF
of| ulsto] 73 HHA| A7 Arhr9] annexin A4 HE F7}
(Fig. 2, 3 S733lmA| 9] &) 433} 9l ,'MM Z=7
o 1918 Ao A7 SAARANY £4 F &
x| e} ublof A ‘4"‘55} AR AEAT} E.J—E],L_
o], o|eldt AETAE A749] Aol ket Z7bRIe
73417 *’E% 2ulol| A S M A IAE 244 7F
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A AL A AA Aol wE HEhE AlEe 7H4
o #9279 4§ AE ) HEE NG AR 2
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kinaseQ] ZHALE HAIE do] A= A48} vl AZTaA
off ubE ATP oA o] ZHAE 7w U9 sdat&
(glycolysis)o] 7H4=s1917] Wit o2 A7} o2t A
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El
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S7WA|  (genetic counterpart)@] sponta-
neously hypertensive rat (SHR)< 2&gto] 4= S73 34

A A

h=3

72 AT F s WA 94 43E A
Y 5 Yk 2L AT Bdold 2w, FF WAS
o183 R} Fuke SANUANG £l Aol A

3

AAEE WKYE o] §3 27 A4
vhrel S HEA T A el

£ 59 s A AAEe] Harsh= annexin A4
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o 2738A A7
2% 9 8% F DAl

A 7 4 Aoz I Aol Kol
T W& B 23lod, annexin A42] 718} pyruvate kinase®]
s BAsigleh. B AFE Fall doldl S A=
Aol Zrdlg ATANES 57843 BlellA AW #
A o] h W kS el 727 & el b4
ol AFE Foto] S73 A3kl i3t Hel el 9] o]z, A5k
g X2y Aolghs SHllA &l o]&xl el A
g},
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