
This Provisional PDF corresponds to the article as it appeared upon acceptance. Fully formatted
PDF and full text (HTML) versions will be made available soon.

Natriuretic Peptide Receptor A as a Novel Target for Prostate Cancer

Molecular Cancer 2011, 10:56 doi:10.1186/1476-4598-10-56

Xiaoqin Wang (xwang1@health.usf.edu)
Payal Raulji (Praulji@health.usf.edu)

Shyam S Mohapatra (smohapat@health.usf.edu)
Ronil Patel (rpatel4@health.usf.edu)

Gary Hellermann (ghellerm@health.usf.edu)
Xiaoyuan Kong (xkong@health.usf.edu)
Pedro L Vera (pvera@health.usf.edu)

Katherine L Meyer-Siegler (Katherine.siegler@va.gov)
Domenico Coppola (domenico.coppola@moffitt.org)

Subhra Mohapatra (smohapa2@health.usf.edu)

ISSN 1476-4598

Article type Research

Submission date 21 December 2010

Acceptance date 17 May 2011

Publication date 17 May 2011

Article URL http://www.molecular-cancer.com/content/10/1/56

This peer-reviewed article was published immediately upon acceptance. It can be downloaded,
printed and distributed freely for any purposes (see copyright notice below).

Articles in Molecular Cancer are listed in PubMed and archived at PubMed Central.

For information about publishing your research in Molecular Cancer or any BioMed Central journal,
go to

http://www.molecular-cancer.com/info/instructions/

For information about other BioMed Central publications go to

http://www.biomedcentral.com/

Molecular Cancer

© 2011 Wang et al. ; licensee BioMed Central Ltd.
This is an open access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0),

which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

mailto:xwang1@health.usf.edu
mailto:Praulji@health.usf.edu
mailto:smohapat@health.usf.edu
mailto:rpatel4@health.usf.edu
mailto:ghellerm@health.usf.edu
mailto:xkong@health.usf.edu
mailto:pvera@health.usf.edu
mailto:Katherine.siegler@va.gov
mailto:domenico.coppola@moffitt.org
mailto:smohapa2@health.usf.edu
http://www.molecular-cancer.com/content/10/1/56
http://www.molecular-cancer.com/info/instructions/
http://www.biomedcentral.com/
http://creativecommons.org/licenses/by/2.0


, K a t h e r i n e L . M e y e r 
 S i e g l e rNatr iuretic Peptide Receptor  A as a Novel Target for  Prostate Cancer   X i a o q i n W a n g 1 , P a y a l R a u l j i 1 , S h y a m S . M o h a p a t r a 2 , 6 , R o n i l P a t e l 1 , G a r y H e l l e r m a n n 2 ,X i a o y u a n K o n g 2 , P e d r o L . V e r a 3 , 4 4 , D o m e n i c o C o p p o l a 5 , a n dS u b h r a M o h a p a t r a 1 , 6 *D e p a r t m e n t o f1 M o l e c u l a r M e d i c i n e , U n i v e r s i t y o f S o u t h F l o r i d a , T a m p a F L , 3 3 6 1 2 , U S A ,2 D e p a r t m e n t o f I n t e r n a l M e d i c i n e , U n i v e r s i t y o f S o u t h F l o r i d a , T a m p a F L , 3 3 6 1 2 , U S A , a n d3 D e p a r t m e n t o f S u r g e r y , U n i v e r s i t y o f S o u t h F l o r i d a , T a m p a F L , 3 3 6 1 2 , U S A , 4 B a y P i n e sV e t e r a n s A f f a i r s H e a l t h c a r e S y s t e m , B a y P i n e s , F L 3 3 7 4 4 , U S A , 5 H . L e e M o f f i t t C a n c e r C e n t e r ,6 J a m e s A . H a l e y V e t e r a n s H o s p i t a l , T a m p a F L , 3 3 6 1 2 , U S A .X i a o q i n W a n g ( x w a n g 1 @ h e a l t h . u s f . e d u )P a y a l R a u l j i ( p r a u l j i @ h e a l t h . u s f . e d u )S h y a m S . M o h a p a t r a ( s m o h a p a t @ h e a l t h . u s f . e d u )R o n i l P a t e l ( r p a t e l 4 @ h e a l t h . u s f . e d u )G a r y H e l l e r m a n n ( g h e l l e r m @ h e a l t h . u s f . e d u )X i a o y u a n K o n g ( x k o n g @ h e a l t h . u s f . e d u )P e d r o L . V e r a ( p v e r a @ h e a l t h . u s f . e d u )K a t h e r i n e L M e y e r 
 S i e g l e r ( K a t h e r i n e . s i e g l e r @ v a . g o v )D o m e n i c o C o p p o l a ( d o m e n i c o . c o p p o l a @ m o f f i t t . o r g )S u b h r a M o h a p a t r a ( s m o h a p a 2 @ h e a l t h . u s f . e d u )



* A d d r e s s C o r r e s p o n d e n c e :S u b h r a M o h a p a t r a , P h DD e p a r t m e n t o f M o l e c u l a r M e d i c i n e1 2 9 0 1 B r u c e B . D o w n s B l v d .U n i v e r s i t y o f S o u t h F l o r i d aT a m p a , F Le h m a i l : S m o h a p a 2 @ h e a l t h . u s f . e d uP h : 8 1 3 h 9 7 4 h 4 1 2 7



ABSTRACT B a c k g r o u n d :T h e r e c e p t o r f o r t h e c a r d i a c h o r m o n e a t r i a l n a t r i u r e t i c p e p t i d e ( A N P ) , n a t r i u r e t i c p e p t i d er e c e p t o r A ( N P R A ) , i s e x p r e s s e d i n c a n c e r c e l l s , a n d n a t r i u r e t i c p e p t i d e s h a v e b e e n i m p l i c a t e d i nc a n c e r s . H o w e v e r , t h e d i r e c t r o l e o f N P R A s i g n a l i n g i n p r o s t a t e c a n c e r r e m a i n s u n c l e a r .R e s u l t s :N P R A e x p r e s s i o n w a s e x a m i n e d b y w e s t e r n b l o t t i n g , R T � P C R a n d i m m u n o h i s t o c h e m i s t r y .N P R A w a s d o w n r e g u l a t e d b y t r a n s f e c t i o n o f s i R N A , s h R N A a n d N P R A i n h i b i t o r ( i N P R A ) .A n t i t u m o r e f f i c a c y o f i N P R A w a s t e s t e d i n m i c e u s i n g a T R A M P � C 1 x e n o g r a f t . H e r e , w ed e m o n s t r a t e d t h a t N P R A i s a b u n d a n t l y e x p r e s s e d o n t u m o r i g e n i c m o u s e a n d h u m a n p r o s t a t ec e l l s , b u t n o t i n n o n t u m o r i g e n i c p r o s t a t e e p i t h e l i a l c e l l s . N P R A e x p r e s s i o n s h o w e d p o s i t i v ec o r r e l a t i o n w i t h c l i n i c a l s t a g i n g i n a h u m a n P C a t i s s u e m i c r o a r r a y . D o w n � r e g u l a t i o n o f N P R Ab y s i N P R A o r i N P R A i n d u c e d a p o p t o s i s i n P C a c e l l s . T h e m e c h a n i s m o f i N P R A � i n d u c e d a n t i �P C a e f f e c t s w a s l i n k e d t o N P R A � i n d u c e d e x p r e s s i o n o f m a c r o p h a g e m i g r a t i o n i n h i b i t o r y f a c t o r( M I F ) , a p r o i n f l a m m a t o r y c y t o k i n e o v e r � e x p r e s s e d i n P C a a n d s i g n i f i c a n t l y r e d u c e d b y s i N P R A .P r o s t a t e t u m o r c e l l s i m p l a n t e d i n m i c e d e f i c i e n t i n a t r i a l n a t r i u r e t i c p e p t i d e r e c e p t o r A ( N P R A �K O ) f a i l e d t o g r o w , a n d t r e a t m e n t o f T R A M P � C 1 x e n o g r a f t s w i t h i N P R A r e d u c e d t u m o r b u r d e na n d M I F e x p r e s s i o n . U s i n g t h e T R A M P s p o n t a n e o u s P C a m o d e l , w e f o u n d t h a t N P R Ae x p r e s s i o n c o r r e l a t e d w i t h M I F e x p r e s s i o n d u r i n g P C a p r o g r e s s i o n .C o n c l u s i o n s :



C o l l e c t i v e l y , t h e s e r e s u l t s s u g g e s t t h a t N P R A p r o m o t e s P C a d e v e l o p m e n t i n p a r t b y r e g u l a t i n gM I F . O u r f i n d i n g s a l s o s u g g e s t t h a t N P R A i s a p o t e n t i a l p r o g n o s t i c m a r k e r a n d a t a r g e t f o r P C at h e r a p y .



INTRODUCTION P r o s t a t e c a n c e r ( P C a ) i s t h e t h i r d l e a d i n g c a u s e o f d e a t h a m o n g m e n i n A m e r i c a [ 1 , 2 ] . T h em o r t a l i t y f r o m P C a r e s u l t s f r o m m e t a s t a s e s t o b o n e s a n d l y m p h n o d e s a n d p r o g r e s s i o n f r o ma n d r o g e n Ú d e p e n d e n t t o a n d r o g e n Ú i n d e p e n d e n t d i s e a s e . W h i l e a n d r o g e n d e p r i v a t i o n h a s b e e ne f f e c t i v e i n t r e a t i n g a n d r o g e n Ú d e p e n d e n t P C a , i t i s i n e f f e c t i v e i n t r e a t i n g a d v a n c e d P C a s , t h ep r i m a r y c a u s e o f m o r t a l i t y . E p i d e m i o l o g i c a l a n d h i s t o p a t h o l o g i c a l s t u d i e s h a v e i m p l i c a t e di n f l a m m a t i o n i n t h e p a t h o g e n e s i s o f P C a [ 3 Ú 5 ] . S t u d i e s h a v e c o n s i s t e n t l y s h o w n a d e c r e a s e d r i s ko f P C a a m o n g m e n w h o r e g u l a r l y t a k e a s p i r i n o r o t h e r n o n s t e r o i d a l a n t i Ú i n f l a m m a t o r y d r u g s( N S A I D s ) [ 6 Ú 8 ] . D e s p i t e b e n e f i c i a l e f f e c t s , t h e s i d e e f f e c t s f r o m u s i n g h i g h d o s e s o f C O X Ú 2i n h i b i t o r s f o r c a n c e r p r e v e n t i o n a r e a m a j o r c o n c e r n . T h e s e o b s e r v a t i o n s e m p h a s i z e t h e n e e d f o rd e v e l o p m e n t o f n e w e f f e c t i v e t r e a t m e n t s f o r a d v a n c e d P C a .
T h e f a m i l y o f n a t r i u r e t i c p e p t i d e h o r m o n e s h a s b r o a d p h y s i o l o g i c e f f e c t s . I n a d d i t i o n t ov a s o d i l a t i o n , c a r d i o v a s c u l a r h o m e o s t a s i s , s o d i u m e x c r e t i o n a n d i n h i b i t i o n o f a l d o s t e r o n es e c r e t i o n , t h e y h a v e b e e n i m p l i c a t e d i n i m m u n i t y a n d i n f l a m m a t i o n [ 9 Ú 1 8 ] . T h e e f f e c t s o f a t r i a ln a t r i u r e t i c p e p t i d e ( A N P ) a r e m e d i a t e d b y i t s i n t e r a c t i o n w i t h t h e c e l l s u r f a c e n a t r i u r e t i c p e p t i d er e c e p t o r A ( N P R A ; h i g h a f f i n i t y ) a n d n a t r i u r e t i c p e p t i d e r e c e p t o r C ( N P R C ; l o w a f f i n i t y ) . I np a t i e n t s w i t h p r o s t a t e t u m o r s , t h e i m m u n e r e s p o n s e p l a y s a l a r g e p a r t i n t h e p r o g r e s s i o n o f t h ed i s e a s e a n d i t i s l i k e l y t h a t t h e N P R A s y s t e m i s i n v o l v e d ; b u t t h e r o l e o f N P R A i n h u m a n c a n c e r sr e m a i n s u n k n o w n . A n o v e l p e p t i d e , N P 7 3 ò 1 0 2 , h a s b e e n i d e n t i f i e d [ 1 4 ] w h o s e s e q u e n c e i si m m e d i a t e l y N Ú t e r m i n a l t o t h e A N P p e p t i d e a n d w h i c h i s a n i n h i b i t o r o f N P R A ( i N P R A ) . N P 7 3 ò1 0 2 d o e s n o t b i n d t o N P R A b u t b l o c k s i t s e x p r e s s i o n , a n d w e h a v e s h o w n t h a t i t p o s s e s s e sb r o n c h o d i l a t o r y , a n t i Ú i n f l a m m a t o r y [ 1 4 , 1 6 , 1 9 , 2 0 ] a n d a n t i t u m o r a c t i v i t y [ 1 9 ] .



W e p r e v i o u s l y r e p o r t e d t h a t m i c e d e f i c i e n t i n N P R A ( N P R A � k n o c k o u t , K O ) e x h i b i ts i g n i f i c a n t l y d e c r e a s e d i n f l a m m a t i o n [ 1 6 , 1 9 � 2 1 ] . F u r t h e r m o r e , w e f o u n d t h a t N P R A � K O m i c ed o n o t p e r m i t g r o w t h o f i m p l a n t e d h u m a n l u n g c a n c e r , m e l a n o m a a n d o v a r i a n c a n c e r c e l l s [ 1 9 ] ,s u g g e s t i n g t h a t N P R A m a y b e a n o v e l t h e r a p e u t i c c a n d i d a t e . G i v e n t h e e v o l u t i o n a r yc o n s e r v a t i o n o f A N P i n m a n y s p e c i e s , w e r e a s o n e d t h a t N P R A e x p r e s s i o n m a y b e r e l e v a n t i nh u m a n c a n c e r s . I n t h i s s t u d y , w e e x a m i n e d t h e e x p r e s s i o n o f N P R A i n P C a c e l l l i n e s a n d h u m a nt i s s u e s a m p l e s a n d d e t e r m i n e d w h e t h e r N P R A c a n b e u s e d a s a t a r g e t f o r P C a t h e r a p y . T h er e s u l t s s h o w t h a t i n c r e a s e d N P R A e x p r e s s i o n i s s t r o n g l y a s s o c i a t e d w i t h p r o g r e s s i o n o f h u m a nP C a a n d t h a t N P R A d e f i c i e n c y p r e v e n t s g r o w t h o f t r a n s p l a n t e d P C a c e l l s a n d i n h i b i t s t u m o rb u r d e n i n p a r t b y d o w n r e g u l a t i n g m a c r o p h a g e m i g r a t i o n i n h i b i t o r y f a c t o r ( M I F ) i n P C a c e l l s .



RESULTS  

PCa cells have increased NPRA levels.N P R A e x p r e s s i o n s t u d i e s i n h u m a n t i s s u e s h a v e b e e n l i m i t e d b y l a c k o f a v a i l a b i l i t y o fa p p r o p r i a t e a n t i b o d i e s t o N P R A . T h e a n t i b o d i e s t h a t a r e c o m m e r c i a l l y a v a i l a b l e a r e v e r y p o o r i nq u a l i t y a n d d o n o t p r o v i d e c o n s i s t e n t r e s u l t s . W e d e v e l o p e d a n a n t i b o d y t o N P R A i n r a b b i t su s i n g a s p e c i f i c a n t i g e n i c p e p t i d e ( a m i n o a c i d s 1 0 1 0 I 1 0 3 1 o f m o u s e N P R A p r o t e i n , w h i c h i sh o m o l o g o u s t o r a t a n d h u m a n N P R A ) . A s s h o w n i n F i g . 1 A , a n a p p r o x i m a t e l y 1 3 0 k D a b a n dc o r r e s p o n d i n g t o N P R A w a s d e t e c t e d o n l y i n h u m a n P C a c e l l l i n e s , P C 3 a n d D U 1 4 5 t h a t e x p r e s sN P R A , b u t n o t i n t h e R G M 1 c e l l l i n e t h a t d o e s n o t e x p r e s s N P R A [ 2 2 ] . T h e s p e c i f i c i t y o f t h ea n t i I N P R A a n t i b o d y w a s c o n f i r m e d b y E L I S A ( A d d i t i o n a l f i l e 1 , F i g . S 1 A ) , w e s t e r n b l o t t i n g( F i g . 1 A , l a n e 5 ) . a n d b y i m m u n o f l u o r e s c e n c e ( A d d i t i o n a l f i l e 1 , F i g . S 1 B ) a n di m m u n o h i s t o c h e m i s t r y ( A d d i t i o n a l f i l e 1 , F i g . S 1 C I D ) .W e e x a m i n e d N P R A e x p r e s s i o n b y w e s t e r n b l o t t i n g i n v a r i o u s t y p e s o f P C a t u m o r s a n dc o m p a r e d i t w i t h t h a t i n n o r m a l p r o s t a t e e p i t h e l i a l c e l l s ( P r E C a n d R W P E ) a n d b e n i g n p r o s t a t i ch y p e r p l a s i a ( B P H ) c e l l s . R e s u l t s o f t h e w e s t e r n b l o t s h o w t h a t N P R A i s e x p r e s s e d a b u n d a n t l y i nt h e a n d r o g e n I d e p e n d e n t P C a c e l l l i n e , L N C a P a n d a n d r o g e n I i n d e p e n d e n t c e l l l i n e s C 4 I 2 , P C 3a n d D U 1 4 5 , b u t n o t i n P r E C c e l l s a n d o n l y w e a k l y i n R W P E a n d B P H c e l l s ( F i g . 1 B ) . V e r y l i t t l eN P R A i s d e t e c t e d i n t h e s t r o m a l c e l l l i n e , W P M Y , w h i c h i s d e r i v e d f r o m n o r m a l p r o s t a t e . N P R Ap r o t e i n e x p r e s s i o n i n D U 1 4 5 c e l l s c o r r e l a t e d w i t h m R N A l e v e l , a s v e r i f i e d b y r e a l I t i m e P C R( F i g . 1 C ) . L y s a t e s o f n o r m a l R G M 1 c e l l s t h a t d o n o t e x p r e s s N P R A w e r e u s e d a s c o n t r o l .N P R A i s a l s o h i g h l y e x p r e s s e d i n t r a n s p l a n t a b l e s y n g e n e i c t u m o r l i n e s d e r i v e d f r o m T R A M P( t r a n s g e n i c a d e n o c a r c i n o m a m o u s e p r o s t a t e ) m i c e w h i c h g e t s p o n t a n e o u s P C a . N P R A i s s t r o n g l y



e x p r e s s e d i n t h e t u m o r i g e n i c T R A M P u C 1 a n d u C 2 P C a c e l l l i n e s b u t l e s s a b u n d a n t l y i n t h e n o n ut u m o r i g e n i c T R A M P u C 3 P C a c e l l l i n e ( F i g . 1 D ) [ 2 3 ] ; t h e l a t t e r s h o w s a t h r e e u f o l d r e d u c t i o n i ng r o w t h a n d c o l o n i z a t i o n p o t e n t i a l c o m p a r e d t o T R A M P u C 1 a n d C 2 c e l l s ( A d d i t i o n a l f i l e 2 , F i g .S 2 ) . I n a d d i t i o n , i n c r e a s e d N P R A e x p r e s s i o n w a s s e e n i n p r o s t a t e e p i t h e l i a l l i n e s f r o m i n t a c tc o n d i t i o n a l h o m o z y g o u s P t e n k n o c k o u t m i c e ( P T E N u C a P 2 ) t h a t a r e t u m o r i g e n i c c o m p a r e d t oh e t e r o z y g o u s P t e n k n o c k o u t m i c e ( P T E N u P 2 ) ( F i g . 1 D ) [ 2 4 ] . T h e s e r e s u l t s s u g g e s t t h a t N P R A i sm o r e a b u n d a n t l y e x p r e s s e d i n P C a c e l l s t h a n n o r m a l o r b e n i g n p r o s t a t e e p i t h e l i a l c e l l s .E x p r e s s i o n o f t h e n a t u r a l l i g a n d f o r N P R A , A N P w a s e x a m i n e d i n c u l t u r e d P C a c e l l s . A N Pe x p r e s s i o n w a s d e t e c t e d i n c u l t u r e s u p e r n a t a n t s o f P C 3 a n d D U 1 4 5 P C a c e l l s a n d W P M Ys t r o m a l c e l l s ( F i g . 1 E ) b u t n o t i n n o r m a l p r o s t a t e e p i t h e l i a l c e l l s o r L N C a P c e l l s . T h e s e r e s u l t ss u g g e s t t h a t N P R A i s p r e d o m i n a n t l y e x p r e s s e d i n p r o s t a t e t u m o r c e l l s , w h i l e A N P i s e x p r e s s e di n s t r o m a l c e l l s a n d i n a n d r o g e n u i n d e p e n d e n t P C a c e l l s , b u t n o t i n a n d r o g e n u d e p e n d e n t c e l l s .
NPRA protein expression cor relates with human PCa progression.T h e c l i n i c a l r e l e v a n c e o f N P R A e x p r e s s i o n d u r i n g h u m a n P C a d e v e l o p m e n t w a s e x a m i n e d i nB P H , h i g h g r a d e P I N ( p r o s t a t i c i n t r a e p i t h e l i a l n e o p l a s m ) a n d p r o s t a t i c a d e n o c a r c i n o m a u s i n g ah u m a n P C a t i s s u e m i c r o a r r a y ( T M A ) c o n t a i n i n g 2 4 0 s a m p l e s . T h e T M A s a m p l e s i n c l u d e d B P H( n = 2 4 ) , l o w g r a d e p r o s t a t i c i n t r a e p i t h e l i a l n e o p l a s m ( P I N u L ) ( n = 2 1 ) , h i g h P I N ( P I N u H ) ( n =1 4 ) , p r o s t a t e c a r c i n o m a ( P C ) w i t h a G l e a s o n s c o r e o f 6 ( n = 3 3 ) , P C w i t h a G l e a s o n s c o r e o f 7 ( n= 8 2 ) , P C w i t h a G l e a s o n s c o r e o f 8 t o 1 0 ( n = 5 1 ) a n d a n d r o g e n u i n d e p e n d e n t ( A I ) P C ( n = 1 5 ) .T h e T M A s l i d e w a s i m m u n o s t a i n e d w i t h a r a b b i t a n t i u h u m a n N P R A a n t i b o d y u s i n g a V e n t a n aD i s c o v e r y X T a u t o m a t e d s y s t e m ( V e n t a n a M e d i c a l S y s t e m s , T u c s o n , A Z ) a n d t h e d a t a w e r es t a t i s t i c a l l y a n a l y z e d . A r e p r e s e n t a t i v e i m a g e ( 2 0 0 x ) o f o n e s a m p l e f r o m e a c h d i s e a s e s t a g e i s



s h o w n i n F i g . 2 A . T h e r e s u l t s d e m o n s t r a t e t h a t t h e m a j o r i t y o f e p i t h e l i a l c e l l s i n B P H a n d P I N ¿ Lw e r e w e a k l y s t a i n e d f o r N P R A , p r e f e r e n t i a l l y i n t h e n u c l e u s ( F i g . 2 B ) a n d t h a t t h e P I N ¿ Hs a m p l e s w e r e w e a k l y t o m o d e r a t e l y p o s i t i v e f o r N P R A . G l e a s o n ¿ 6 P C a s a m p l e s e x h i b i t e dm o d e r a t e t o s t r o n g N P R A i m m u n o r e a c t i v i t y . W e a k a n d f o c a l s t a i n i n g o f s t r o m a l / i n f l a m m a t o r yc e l l s w a s a l s o o b s e r v e d i n t h e s e s a m p l e s . I n c o n t r a s t , N P R A s t a i n i n g w a s u n i f o r m l y s t r o n g a n dp r o m i n e n t a n d p r e d o m i n a n t l y l o c a l i z e d t o t h e c y t o p l a s m o f t h e t u m o r c e l l s i n G l e a s o n 7 ¿ 1 0 a n di n A I P C a s a m p l e s ( F i g . 2 B ) . S t r o m a l / i n f l a m m a t o r y c e l l s i n t h e s e s a m p l e s a l s o s h o w e d m o d e r a t eN P R A e x p r e s s i o n .T h e T M A s l i d e w a s s c o r e d f o r i n t e n s i t y a n d c e l l u l a r i t y b y a n e x p e r t p a t h o l o g i s t . T h e f i n a l s c o r ew a s c l a s s i f i e d a s : 0 , n e g a t i v e ; 1 ¿ 3 , w e a k ; 4 ¿ 6 , m o d e r a t e ; a n d 7 ¿ 9 , s t r o n g . F i g u r e 2 C s h o w s t h ed i s t r i b u t i o n o f s c o r e s i n e a c h d i s e a s e s t a g e . T h e r e s u l t s s h o w t h a t t h e m e a n s a m p l e s c o r ei n c r e a s e d d u r i n g P C a p r o g r e s s i o n . T h e A d d i t i o n a l f i l e 3 , T a b l e S 1 d i s p l a y s a m e d i a n a n a l y s i s o fN P R A e x p r e s s i o n i n t h e T M A f o r 2 4 0 s u b j e c t s . A c r o s s a l l 2 4 0 s u b j e c t s , t h e m e d i a n s c o r e w a s 4 .A d d i t i o n a l f i l e 4 , T a b l e S 2 s h o w s t h e f r e q u e n c y i n e a c h d i s e a s e g r o u p o f h a v i n g a s c o r e f a l l i n g a to r b e l o w t h e m e d i a n a n d h a v i n g o n e a b o v e t h e m e d i a n . T h e n u m b e r o f o b s e r v a t i o n s i n t h e B P Hg r o u p w i t h a s c o r e > 4 w a s z e r o , w h i l e f o r G l e a s o n 6 , G l e a s o n 7 , G l e a s o n 8 ¿ 1 0 a n d A I g r o u p s t h en u m b e r s w e r e r e s p e c t i v e l y 1 4 ( o f 3 3 ) , 4 3 ( o f 8 2 ) , 3 4 ( o f 5 1 ) a n d 8 ( o f 1 5 ) . A c h i ¿ s q u a r e d ( t w o ¿w a y f r e q u e n c y t a b l e ) v a l u e o f 5 0 . 7 6 1 w i t h a s y m p t o m a t i c s i g n i f i c a n c e o f p < 0 . 0 0 0 1 w a so b t a i n e d , s u g g e s t i n g t h a t t h e r e l a t i o n s h i p b e t w e e n N P R A e x p r e s s i o n a n d P C a s t a g e i s v e r ys t r o n g . A K r u s k a l ¿ W a l l i s t e s t i n d i c a t e d t h a t t h e d i f f e r e n c e i n N P R A e x p r e s s i o n a m o n g t h e s e v e nd i a g n o s t i c g r o u p s w a s h i g h l y s i g n i f i c a n t ( p < 0 . 0 0 0 1 ) . T h e p a i r w i s e W i l c o x o n ¿ M a n n ¿ W h i t n e yt e s t s s h o w t h a t N P R A e x p r e s s i o n i s s t r o n g l y a s s o c i a t e d w i t h P C a p r o g r e s s i o n . T h e e l e v a t e d



N P R A e x p r e s s i o n i n h i g h í g r a d e t u m o r s m a y r e f l e c t i t s r o l e i n t u m o r í s t r o m a l i n t e r a c t i o n . S i n c et h e o u t c o m e s o f t h e K r u s k a l í W a l l i s a n d W i l c o x o n í M a n n í W h i t n e y t e s t s a r e o f o r d i n a l v a l u e a n dd o n o t f o l l o w t h e n o r m a l d i s t r i b u t i o n t h a t t h e A N O V A o r t í t e s t r e q u i r e s , a n o n p a r a m e t r i c v e r s i o no f t h e s e t w o m e t h o d s w a s u s e d .
 

NPRA deficiency impairs engraftment of PCa cells.  S i n c e , N P R A s i g n a l i n g i s i n v o l v e d i n i n f l a m m a t i o n a n d t h e l o c a l i n f l a m m a t o r y m i l i e u p l a y s ar o l e i n P C a d e v e l o p m e n t , w e r e a s o n e d t h a t N P R A m i g h t b e i m p o r t a n t f o r p r o s t a t e t u m o r g r o w t h .T h e r o l e o f N P R A i n m o d u l a t i n g P C a p r o g r e s s i o n w a s t e s t e d u s i n g T R A M P í C 1 c e l l s , w h i c hf o r m t u m o r s w h e n g r a f t e d s u b c u t a n e o u s l y i n t o s y n g e n e i c C 5 7 B L / 6 h o s t s [ 2 3 ] . F o r
in vivoa s s a y s , C 5 7 B L / 6 ( W T ) , N P R A í h e t e r o z y g o u s ( N P R A í h e t ) a n d N P R A í K O m i c e w e r e i n j e c t e ds u b c u t a n e o u s l y w i t h T R A M P í C 1 c e l l s . M i c e w e r e e u t h a n i z e d s e v e n w e e k s a f t e r i n j e c t i o n a n dt u m o r s i z e s a n d w e i g h t s w e r e c o m p a r e d ( F i g . 3 A ) . T R A M P í C 1 c e l l s f a i l e d t o e n g r a f t i n N P R A íK O m i c e a n d n o v i s i b l e t u m o r s w e r e d e t e c t e d i n t h e h o m o z y g o u s g r o u p t e n w e e k s a f t e r t u m o rc e l l i n j e c t i o n . S o m e t u m o r g r o w t h w a s o b s e r v e d i n N P R A í h e t m i c e , b u t a t a s i g n i f i c a n t l yr e d u c e d l e v e l c o m p a r e d t o t h a t i n W T C 5 7 B L / 6 m i c e , s u g g e s t i n g t h a t h o s t N P R A g e n e d o s a g e i sa d e t e r m i n i n g f a c t o r f o r t h e g r o w t h o f t u m o r c e l l s i n t h e s e m i c e . T h e r o l e o f N P R A d e f i c i e n c y i nt h e s u r v i v a l o f T R A M P í C 1 c e l l s w a s t e s t e d i n v i t r o b y e c t o p i c e x p r e s s i o n o f a p l a s m i d e n c o d i n gs m a l l i n t e r f e r i n g R N A a g a i n s t N P R A ( s i N P R A ) . E x p r e s s i o n o f s i N P R A í 2 , b u t n o t s i N P R A í 1 ,s i g n i f i c a n t l y r e d u c e d e x p r e s s i o n o f N P R A ( F i g . 3 B ) . A p o p t o s i s w a s d e t e c t e d b y w e s t e r n b l o t t i n gf o r P A R P c l e a v a g e ( F i g . 3 B ) a n d b y t h e t e r m i n a l t r a n s f e r a s e d U T P n i c k e n d l a b e l i n g ( T U N E L )a s s a y ( F i g . 3 C ) . D o w n r e g u l a t i o n o f N P R A e x p r e s s i o n b y s i N P R A í 2 i n d u c e d s i g n i f i c a n ta p o p t o s i s i n P C a c e l l s .



 

NPRA downregulation inhibits MIF expression.  W e r e p o r t e d p r e v i o u s l y t h a t N P R A , d e f i c i e n t m i c e f a i l t o m o u n t a n i n f l a m m a t o r y r e s p o n s e , a se x e m p l i f i e d b y t h e l a c k o f g o b l e t c e l l h y p e r p l a s i a a n d i n f i l t r a t i o n o f e o s i n o p h i l s i n t h e l u n g s o fN P R A , K O m i c e c o m p a r e d t o t h o s e o f W T m i c e , w h e n s e n s i t i z e d a n d c h a l l e n g e d w i t h o v a l b u m i n[ 1 9 ] . T h e l a c k o f i n f l a m m a t o r y r e s p o n s e c o r r e l a t e d w i t h r e d u c e d l e v e l s o f i n f l a m m a t o r yc y t o k i n e s I L , 4 , I L , 5 a n d I L , 6 i n t h e b r o n c h o a l v e o l a r l a v a g e ( B A L ) f l u i d o f t h e N P R A , K O m i c er e l a t i v e t o t h a t o f W T m i c e [ 1 9 , 2 5 ] . T o e x a m i n e w h e t h e r t h e a n t i t u m o r e f f e c t s o f i N P R A w e r ed u e t o l a c k o f l o c a l i n f l a m m a t i o n i n p r o s t a t e t i s s u e , w e i n j e c t e d m i c e w i t h l i p o p o l y s a c c h a r i d e( L P S ) , a p o t e n t i n d u c e r o f l o c a l i n f l a m m a t i o n a n d c o m p a r e d p r o s t a t e t i s s u e s f o r a l t e r a t i o n s i ng e n e e x p r e s s i o n i n W T a n d N P R A , K O m i c e . P r o s t a t e t i s s u e w a s c o l l e c t e d f r o m L P S , t r e a t e d a n dc o n t r o l m i c e , a n d t o t a l R N A w a s e x a m i n e d f o r d i f f e r e n t i a l g e n e e x p r e s s i o n u s i n g a m o u s ea u t o i m m u n e a n d i n f l a m m a t o r y r e s p o n s e O l i g o G E a r r a y ( S u p e r A r r a y , M D ) . A n a l y s i s o f g e n e sa l t e r e d m o r e t h a n t w o , f o l d d u r i n g L P S c h a l l e n g e i n W T a n d N P R A , K O m i c e i d e n t i f i e d 2 4 g e n e st h a t a r e e i t h e r u p r e g u l a t e d ( 1 5 ) o r d o w n r e g u l a t e d ( 9 ) i n t h e p r o s t a t e t i s s u e o f N P R A , K O m i c ec o m p a r e d t o t h e i r e x p r e s s i o n l e v e l s i n c o n t r o l m i c e . A f e w o f t h e g e n e s t h a t a r e d o w n , r e g u l a t e dd u r i n g L P S s t i m u l a t i o n i n N P R A , K O m i c e i s s h o w n i n F i g . 4 A , a n d i n c l u d e : f i b r o n e c t i n 1 ( F n 1 ) ,w h i c h i s i n v o l v e d i n t h e a c u t e p h a s e r e s p o n s e [ 2 6 ] , g r a n u l i n [ 2 7 ] a n d S 1 0 0 c a l c i u m b i n d i n gp r o t e i n A 1 1 ( S 1 0 0 a 1 1 ) [ 2 8 ] , w h i c h a r e c y t o k i n e s , I L 6 s i g n a l t r a n s d u c e r ( I L 6 s t ; a l s o k n o w n a sg p 1 3 0 ) , a c y t o k i n e r e c e p t o r [ 2 9 , 3 0 ] a n d M I F , w h i c h i s i n v o l v e d i n t h e i n f l a m m a t o r y r e s p o n s e[ 3 1 ] .



S i n c e , M I F h a s b e e n r e p o r t e d t o b e i n v o l v e d i n P C a p r o g r e s s i o n [ 3 1 p 3 3 ] , t h e p o s s i b i l i t y t h a tN P R A d e p l e t i o n m o d u l a t e s M I F e x p r e s s i o n w a s t e s t e d u s i n g s h R N A s f o r N P R A i n T R A M P p C 1c e l l s . A s s h o w n i n F i g . 4 B , t r a n s f e c t i o n o f T R A M P p C 1 c e l l s w i t h s h N P R A p 1 a n d s h N P R A p 2r e d u c e d N P R A e x p r e s s i o n > 8 0 % a n d a l s o d e c r e a s e d M I F e x p r e s s i o n > 9 0 % . S i n c eo v e r e x p r e s s i o n o f p l a s m i d p e n c o d e d N P 7 3 � 1 0 2 d o w n r e g u l a t e s N P R A ( A d d i t i o n a l f i l e 5 , F i g . S 3 ) ,p N P 7 3 � 1 0 2 w a s a l s o u s e d a s a n i n h i b i t o r o f N P R A ( i N P R A ) i n t h i s s t u d y . E c t o p i c e x p r e s s i o n o ft h e p l a s m i d e n c o d i n g N P 7 3 � 1 0 2 , b u t n o t t h e p V A X v e c t o r , r e d u c e d b o t h N P R A ( ~ 4 0 % ) a n d M I Fe x p r e s s i o n ( ~ 5 0 % ) i n P C 3 c e l l s ( F i g . 4 C p D ) a n d i n T R A M P p C 1 c e l l s ( d a t a n o t s h o w n ) .
iNPRA reduces tumor  burden in par t by downregulating MIF. T o r u l e o u t t h e p o s s i b i l i t y t h a t i m p a i r e d e n g r a f t m e n t o f T R A M P p C 1 c e l l s i n N P R A p K O m i c e i sd u e t o i m m u n e r e j e c t i o n , w e e x a m i n e d t h e p o t e n t i a l o f N P R A i n h i b i t i o n t o b l o c k t h e g r o w t h o fT R A M P p C 1 c e l l s i n i m m u n o c o m p e t e n t C 5 7 B L / 6 m i c e . M i c e w e r e i n o c u l a t e d w i t h T R A M P p C 1c e l l s a n d d i v i d e d i n t o f o u r g r o u p s . T w o w e e k s l a t e r , m i c e i n e a c h g r o u p w e r e i n j e c t e d i . p . t w i c e aw e e k w i t h c h i t o s a n n a n o p a r t i c l e s ( C N P s ) e n c a p s u l a t i n g p l a s m i d D N A ( 2 5 � g / m o u s e ) e n c o d i n ge m p t y v e c t o r ( p V A X ) , p N P 7 3 � 1 0 2 , a c o n t r o l p e p t i d e e n c o d i n g h u m a n v e s s e l d i l a t o r ( p V D ) o r ac o m b i n a t i o n o f 1 2 . 5 � g e a c h o f p N P 7 3 � 1 0 2 a n d p V D , u s i n g m e t h o d s a s d e s c r i b e d [ 1 9 , 2 0 ] . M i c ew e r e m o n i t o r e d f o r t u m o r g r o w t h a n d t u m o r s i z e s w e r e r e c o r d e d o n t h e i n d i c a t e d d a y s ( F i g . 5 A ) .T u m o r g r o w t h w a s s i g n i f i c a n t l y i n h i b i t e d i n m i c e t r e a t e d w i t h p N P 7 3 � 1 0 2 c o m p a r e d t o p V A X p o rp V D p t r e a t e d g r o u p s . M i c e w e r e e u t h a n i z e d o n d a y 6 5 a f t e r t r e a t m e n t , a n d t u m o r w e i g h t s w e r em e a s u r e d a n d c o m p a r e d ( F i g . 5 B ) . A s s h o w n i n F i g . 5 A p B , a s i g n i f i c a n t r e d u c t i o n ( p < 0 . 0 5 ) i nt u m o r b u r d e n w a s s e e n i n m i c e t r e a t e d w i t h 2 5 � g o f p N P 7 3 � 1 0 2 b u t n o t w i t h t h e p V A X o r p V Dp l a s m i d s . M i c e t r e a t e d w i t h 1 2 . 5 � g p N P 7 3 � 1 0 2 s h o w e d o n l y m o d e r a t e i n h i b i t i o n o f t u m o r b u r d e n .T h e p l a s m i d p V D e n c o d e s a p e p t i d e c o r r e s p o n d i n g t o h u m a n V D a n d i s n o t h o m o l o g o u s w i t h



m o u s e V D ; t h u s , l a c k o f a n y a n t i t u m o r e f f e c t s i n p V D ³ t r e a t e d m i c e s u g g e s t s t h e s p e c i f i c i t y o ft h e s e p e p t i d e s i n v i v o . T o u n d e r s t a n d t h e a n t i t u m o r e f f e c t s o f p N P 7 3 ½ 1 0 2 , w e e x a m i n e d N P R Aa n d M I F e x p r e s s i o n i n T R A M P ³ C 1 ³ e n g r a f t e d t u m o r l y s a t e s f r o m r e p r e s e n t a t i v e c o n t r o l ( p V A X )a n d p N P 7 3 ½ 1 0 2 ³ t r e a t e d m i c e . T h e r e s u l t s ( F i g . 5 C ) s h o w t h a t t r e a t m e n t o f m i c e w i t h p N P 7 3 ½ 1 0 2 , b u tn o t w i t h p V A X , s i g n i f i c a n t l y r e d u c e d e x p r e s s i o n o f N P R A a n d M I F ; t h e r e f o r e , e x p r e s s i o n o ft h e s e p r o t e i n s m a y b e l i n k e d t o g r o w t h o f p r i m a r y t u m o r s i n T R A M P ³ C 1 ³ i n o c u l a t e d C 5 7 B L / 6m i c e .L a s t l y , w e e x a m i n e d N P R A a n d M I F e x p r e s s i o n i n p r i m a r y p r o s t a t e t u m o r s f r o m T R A M P m i c e .W e s t e r n b l o t s s h o w e d t h a t N P R A a n d M I F a r e d e t e c t e d i n t h e l y s a t e s o f p r i m a r y p r o s t a t e t u m o r sf r o m T R A M P m i c e o f v a r y i n g a g e s ( 1 8 ³ 3 0 w e e k s o f a g e ) ( F i g . 6 A ; l a n e s 1 ³ 4 ) b u t n o t i n p r o s t a t e sf r o m a g e ³ m a t c h e d W T C 5 7 B L / 6 m i c e ( 1 8 a n d 2 8 w e e k s o f a g e ) ( F i g . 6 A ; l a n e s 5 ³ 6 ) . T h e s er e s u l t s s u g g e s t t h a t t u m o r c e l l l i n e s , a s w e l l a s p r i m a r y p r o s t a t e t u m o r s o f T R A M P m i c e , s h o ws i g n i f i c a n t l y h i g h e r l e v e l s o f N P R A a n d M I F c o m p a r e d t o n o r m a l c e l l s o r p r o s t a t e c e l l s f r o mC 5 7 B L / 6 m i c e .
 

W e a l s o c o m p a r e d N P R A a n d M I F e x p r e s s i o n i n t o t a l c e l l l y s a t e s o f h u m a n P C ac e l l s b y w e s t e r n b l o t t i n g . R e s u l t s p r e s e n t e d i n F i g . 6 B s u g g e s t t h a t i n c r e a s e d M I F w a s s e e n i n t h el y s a t e s o f P C 3 a n d D U 1 4 5 c e l l s t h a t e x p r e s s N P R A a b u n d a n t l y ( F i g . 1 B ) c o m p a r e d t o t h e l y s a t e so f B P H a n d R W P E . M I F p r o t e i n e x p r e s s i o n i n P C 3 a n d D U 1 4 5 c e l l s p a r a l l e l l e d w i t h m R N Ae x p r e s s i o n , a s s h o w n b y r e a l ³ t i m e P C R d a t a ( F i g . 6 C ) . T h e r e s u l t s o f t h e s e s t u d i e s s u g g e s t t h a tN P R A r e g u l a t e s M I F e x p r e s s i o n i n P C a c e l l s .
DISCUSSION 



T h e r e r e m a i n s e v e r a l o v e r a r c h i n g
 

c h a l l e n g e s i n P C a r e s e a r c h : t h e l a c k o f s p e c i f i c c l i n i c a lm a r k e r s f o r e a r l y d i a g n o s i s a n d p r o g n o s i s o f P C a a n d t h e n e e d t o i d e n t i f y d r u g s t h a t t a r g e ta n d r o g e n ö i n d e p e n d e n t P C a t u m o r c e l l s d i r e c t l y w i t h o u t d a m a g i n g h e a l t h y c e l l s . I n t h i s s t u d y w es h o w t h a t N P R A i s a p o t e n t i a l b i o m a r k e r f o r P C a a n d c a n d i d a t e f o r P C a t h e r a p y .O n e i m p o r t a n t f i n d i n g o f o u r s t u d y
 

i s t h e d e m o n s t r a t i o n t h a t N P R A i s s i g n i f i c a n t l y o v e r öe x p r e s s e d i n m o u s e a n d h u m a n
 

P C a c e l l s c o m p a r e d t o n o r m a l c e l l s . S c r e e n i n g o f a h u m a n P C at i s s u e m i c r o a r r a y c o n t a i n i n g 2 4 0 t i s s u e s a m p l e s s h o w s t h a t N P R A i s a l s o o v e r ö e x p r e s s e d i nh u m a n t i s s u e s i n c l u d i n g h i g h g r a d e P I N ( p r o s t a t i c i n t r a e p i t h e l i a l n e o p l a s m ) a n d p r o s t a t i ca d e n o c a r c i n o m a . T h e b e n i g n h y p e r p l a s t i c g l a n d s e x h i b i t e d s i g n i f i c a n t l y l o w e r N P R A e x p r e s s i o nt h a n l o c a l i z e d P C a s . T h e s e d a t a a r e c o n s i s t e n t w i t h o u r p r e v i o u s r e p o r t a n d w i t h t h e d a t a i n t h i ss t u d y , s h o w i n g t h a t N P R A i s h i g h l y e x p r e s s e d i n b o t h h u m a n a n d m o u s e P C a c e l l l i n e s a n d i na d v a n c e d P C a t i s s u e s , b u t n o t i n a n o r m a l p r o s t a t e e p i t h e l i a l c e l l l i n e o r i n a b e n i g n p r o s t a t eh y p e r p l a s i a e p i t h e l i a l c e l l l i n e [ 1 9 , 3 4 , 3 5 ] . I t i s t o b e n o t e d t h a t N P R A w a s e x p r e s s e d i n t h ea n d r o g e n ö d e p e n d e n t c e l l l i n e L N C a P b u t n o t i n t h e s t r o m a l c e l l l i n e , W P M Y . H o w e v e r ,e x p r e s s i o n o f A N P w a s d e t e c t e d i n c u l t u r e s u p e r n a t a n t s o f P C 3 a n d D U 1 4 5 P C a c e l l s a n dW P M Y s t r o m a l c e l l s b u t n o t i n s u p e r n a t a n t s f r o m n o r m a l p r o s t a t e e p i t h e l i a l c e l l s o r L N C a Pc e l l s . T h e s e r e s u l t s s u g g e s t t h a t A N P p r o d u c e d b y s t r o m a l c e l l s c a n s i g n a l v i a N P R A o na n d r o g e n ö d e p e n d e n t c e l l s ( p a r a c r i n e ) , w h e r e a s a n d r o g e n ö i n d e p e n d e n t c e l l s p r o d u c e b o t h A N Pa n d N P R A a n d c a n s i g n a l i n a n a u t o c r i n e m a n n e r . T h u s , A N P ö N P R A s i g n a l i n g m a y p l a y a k e yr o l e i n e n g a g i n g P C a c e l l s w i t h s t r o m a d u r i n g P C a p a t h o g e n e s i s . H e n c e , P C a m a y b e b e t t e rm a n a g e d b y i n h i b i t i n g A N P ö N P R A s i g n a l i n g .



F u r t h e r , w e f o u n d a s i g n i f i c a n t a s s o c i a t i o n b e t w e e n N P R A e x p r e s s i o n a n d G l e a s o n s c o r e a n dp a t h o l o g i c a l s t a g e . R e s u l t s f r o m t h e t i s s u e a r r a y s t u d i e s s h o w t h a t N P R A i s a n i n d e p e n d e n tp r e d i c t o r o f a d v a n c e d P C a , a n d m a y t h e r e f o r e b e u s e f u l a s a c l i n i c a l m a r k e r . A l t h o u g h , a n u m b e ro f m a r k e r a n t i g e n s h a v e b e e n r e p o r t e d f o r P C a , n o n e o f t h e m i s s p e c i f i c e n o u g h t o p a s s t h ec l i n i c a l t e s t f o r u s e i n P C a p r o g n o s i s . G i v e n t h e s t r o n g p o s i t i v e c o r r e l a t i o n ( r = 0 . 6 4 , p < 0 . 0 0 5 )b e t w e e n N P R A e x p r e s s i o n a n d t h e s e v e r i t y o f t h e c l i n i c a l s t a g e , p a r t i c u l a r l y i n a n d r o g e n =i n d e p e n d e n t P C a , N P R A m a y p r o v e t o b e a n e f f e c t i v e c l i n i c a l p r o g n o s t i c m a r k e r .O u r s t u d y a l s o s u g g e s t s t h a t N P R A m a y b e a d r u g t a r g e t f o r t r e a t i n g P C a . U s i n g t h e T R A M P = C 1s p o n t a n e o u s P C a m o d e l , w e d e m o n s t r a t e d t h a t N P R A = K O m i c e , w h i c h h a v e n o r m a l h e a r t ,k i d n e y a n d v a s c u l a r f u n c t i o n , h a v e n o d e t e c t a b l e i n c r e a s e i n p o s t n a t a l m o r t a l i t y , d o n o t p e r m i tg r o w t h o f i m p l a n t e d P C a c e l l s a n d h a v e a n o r m a l l i f e s p a n o f o v e r 2 4 m o n t h s . T u m o r g r o w t h i so b s e r v e d i n N P R A = h e t m i c e b u t a t a s i g n i f i c a n t l y r e d u c e d l e v e l c o m p a r e d t o t h a t i n W TC 5 7 B L / 6 m i c e , w h i c h i n d i c a t e s t h a t h o s t N P R A g e n e d o s a g e i s a d e t e r m i n i n g f a c t o r f o r t h eg r o w t h o f t u m o r c e l l s i n m i c e . T h i s f i n d i n g i s c o n s i s t e n t w i t h t h e r e p o r t s t h a t a t r i a l n a t r i u r e t i cf a c t o r p e p t i d e s ( A N P a n d V D ) i n h i b i t t h e p r o l i f e r a t i o n o f P C a c e l l s
in vitro

a n d i n m i c e [ 3 4 ] .T h i s i s p r e s u m a b l y d u e t o t h e f e e d b a c k i n h i b i t i o n o f N P R A e x p r e s s i o n c a u s e d b y h i g h d o s e s o fA N P o r o t h e r n a t r i u r e t i c p e p t i d e s , s u c h a s N P 7 3 Q 1 0 2 ( o u r d a t a ) [ 1 8 , 3 4 , 3 6 , 3 7 ] . T h u s , w h i l e l o wd o s e s o f t h e s e p e p t i d e s s t i m u l a t e N P R A s i g n a l i n g , h i g h d o s e s i n h i b i t N P R A s i g n a l i n g a n d s h o wa n t i c a n c e r e f f e c t s . I n s u m , N P R A p r o v i d e s a h e r e t o f o r e u n d e s c r i b e d t a r g e t f o r P C a . T h i sh y p o t h e s i s i s a l s o s u p p o r t e d b y t h e o b s e r v a t i o n t h a t N P R A i s a n u p s t r e a m r e g u l a t o r o f I L = 6 ,w h i c h h a s b e e n r e p o r t e d a s a t a r g e t f o r P C a t h e r a p y [ 3 8 , 3 9 ] .



T h e f i n d i n g t h a t p N P 7 3 g 1 0 2 i n h i b i t s N P R A e x p r e s s i o n p r o m p t e d u s t o e x a m i n e i t s r o l e i n t r e a t i n gP C a . T R A M P x C 1 c e l l s i n j e c t e d i n t o C 5 7 B L / 6 m i c e i n d u c e d t u m o r s i n t h e c o n t r o l m i c e b u t n o t i np N P 7 3 g 1 0 2 x t r e a t e d m i c e . T h e s e f i n d i n g s d e m o n s t r a t e t h e p o t e n t i a l u t i l i t y o f p N P 7 3 g 1 0 2 f o r t h et r e a t m e n t o f P C a . A l t h o u g h t h e m e c h a n i s m o f t u m o r i n h i b i t i o n b y p N P 7 3 g 1 0 2 i s u n k n o w n , t h ee v i d e n c e t h a t p N P 7 3 g 1 0 2 s i g n i f i c a n t l y d e c r e a s e s t h e e x p r e s s i o n o f N P R A s u g g e s t s t h a t t h i s m a y b et h e e x p l a n a t i o n f o r i t s a n t i t u m o r e f f e c t . A p e r c e i v e d l i m i t a t i o n i n i N P R A t h e r a p y f o r P C a i s t h en o r m a l p h y s i o l o g i c a l r o l e o f N P R A i n b l o o d p r e s s u r e r e g u l a t i o n . T o a d d r e s s t h i s i s s u e w ec o m p a r e d b l o o d p r e s s u r e o f N P R A x K O m i c e w i t h t h a t o f T R A M P m i c e a n d f o u n d n or e l a t i o n s h i p b e t w e e n N P R A e x p r e s s i o n , b l o o d p r e s s u r e l e v e l s a n d P C a i n c i d e n c e ( A d d i t i o n a l f i l e6 , F i g . S 4 ) , w h i c h i s c o n s i s t e n t w i t h s t u d i e s i n h u m a n s t h a t s h o w e d n o r e l a t i o n s h i p b e t w e e nb l o o d p r e s s u r e a n d P C a [ 4 0 , 4 1 ] .A n o t h e r m a j o r f i n d i n g o f o u r r e p o r t i s t h a t t h e a n t i t u m o r e f f e c t s o f l i m i t i n g N P R A e x p r e s s i o nm a y b e d u e t o a r e d u c t i o n i n i n f l a m m a t i o n i n t h e t u m o r e n v i r o n m e n t . O u r e v i d e n c e s h o w s t h a t an u m b e r o f m o l e c u l e s m a y b e r e g u l a t e d b y N P R A s i g n a l i n g i n c l u d i n g M I F a n d I L x 6 , b o t h o fw h i c h h a v e b e e n i m p l i c a t e d i n P C a d e v e l o p m e n t . I n c r e a s e d M I F m R N A e x p r e s s i o n a n d s e r u mM I F l e v e l s h a v e b e e n a s s o c i a t e d w i t h p r o g r e s s i o n o f P C a w h e n t u m o r a n d b e n i g n t i s s u e f r o mm a t c h e d s a m p l e s w e r e c o m p a r e d [ 3 1 , 3 3 , 4 2 ] . E l e v a t e d I L x 6 l e v e l s a r e f o u n d i n p a t i e n t s w i t hm e t a s t a t i c P C a a n d a r e a s s o c i a t e d w i t h a p o o r p r o g n o s i s [ 4 3 ] . F u r t h e r m o r e , a b e r r a n t e x p r e s s i o no f t h e I L x 6 g e n e a n d i n c r e a s e d p r o d u c t i o n o f I L x 6 a r e a s s o c i a t e d w i t h a d v a n c e d b o n e m e t a s t a s i sa n d i n c r e a s e d m o r b i d i t y [ 4 3 x 4 6 ] , a s w e l l a s r e s i s t a n c e t o c h e m o t h e r a p y [ 4 7 ] . T h e r e a r e t h r e el i n e s o f e v i d e n c e s u p p o r t i n g t h e i d e a t h a t N P R A i s a n u p s t r e a m r e g u l a t o r o f M I F i n P C a c e l l s : ( i )a 2 . 5 x f o l d r e d u c t i o n i n M I F m R N A w a s f o u n d a f t e r L P S t r e a t m e n t o f N P R A x K O m i c e c o m p a r e dt o W T m i c e . ( i i ) M I F e x p r e s s i o n w a s d e t e c t a b l e i n t h e p r o s t a t e t i s s u e s o f T R A M P m i c e , b u t n o t



i n W T m i c e , a n d ( i i i ) N P R A d o w n r e g u l a t i o n r e d u c e d M I F e x p r e s s i o n i n c u l t u r e d T R A M P ´ C 1c e l l s a n d x e n o g r a f t s . C o n s i s t e n t w i t h t h e s e o b s e r v a t i o n s , a P C a t i s s u e a r r a y s t a i n e d f o r N P R As h o w e d e x p r e s s i o n o f M I F (
data not shown

) .S i n c e i n t r a t u m o r a l e x p r e s s i o n o f M I F w a s c o r r e l a t e d w i t h s e r u m I L ´ 6 i n p a t i e n t s w i t h n o n ´ s m a l lc e l l l u n g c a n c e r [ 4 8 ] a n d I L ´ 6 w a s s h o w n t o b e o n e o f t h e p o t e n t i a l M I F ´ r e g u l a t e d g e n e s i nD U 1 4 5 c e l l s [ 3 2 ] , w e s p e c u l a t e t h a t N P R A s i g n a l i n g m a y r e g u l a t e I L ´ 6 i n P C a c e l l s v i a M I F . I ns u p p o r t o f t h i s h y p o t h e s i s , w e f o u n d e l e v a t e d I L ´ 6 i n t h e s e r u m o f T R A M P m i c e d u r i n g P C ad e v e l o p m e n t (
unpublished observation

) . T h e s e d a t a s u p p o r t o u r p r e v i o u s l y r e p o r t e d s t u d i e s ,w h e r e l u n g t i s s u e s o f N P R A ´ K O m i c e f a i l e d t o i n d u c e I L ´ 6 d u r i n g O V A ´ i n d u c e d i n f l a m m a t o r yc h a l l e n g e a n d s h o w e d r e d u c e d e x p r e s s i o n o f a c t i v a t e d p 6 5 ´ a n d p 5 0 ´ N F ´ k B [ 1 9 , 2 0 ] . T o g e t h e r ,t h e s e s t u d i e s s h o w t h a t N P R A m a y a f f e c t P C a p r o g r e s s i o n b y r e g u l a t i n g i n p a r t M I F a n d I L ´ 6e x p r e s s i o n , b o t h o f w h i c h h a v e b e e n l i n k e d t o P C a .I n s u m m a r y , w e d e m o n s t r a t e t h a t i n c r e a s e d N P R A e x p r e s s i o n i s s t r o n g l y a s s o c i a t e d w i t hp r o g r e s s i o n o f h u m a n P C a a n d t h a t N P R A d e f i c i e n c y p r e v e n t s g r o w t h o f t r a n s p l a n t e d P C a c e l l sa n d i n h i b i t s t u m o r b u r d e n i n T R A M P m i c e i n p a r t b y d o w n r e g u l a t i n g M I F i n P C a c e l l s .
 



Mater ials and methods 

Mater ials:N o r m a l p r o s t a t e e p i t h e l i a l c e l l l i n e ( P r E C ) w a s p u r c h a s e d f r o m L o n z a ( A l l e n d a l e ) . R W P E ,W P M Y , T r a m p ñ C 1 a n d P C 3 c e l l s w e r e p u r c h a s e d f r o m t h e A m e r i c a n T y p e C u l t u r e C o l l e c t i o n( M a n a s s a s , V A , U S A ) . D U 1 4 5 , P C 3 , b e n i g n p r o s t a t i c h y p e r p l a s i a ( B P H ) , L N C a P , C 4 ñ 2 , t h e r a tg a s t r i c m u c o s a c e l l l i n e ( R G M 1 ) , P 2 a n d C a P 2 w e r e d e s c r i b e d b e f o r e [ 2 2 , 2 4 , 3 2 , 4 9 ] . T h e b e t a ña c t i n a n t i b o d y w a s o b t a i n e d f r o m S i g m a , t h e P A R P a n t i b o d y f r o m S a n t a C r u z B i o t e c h n o l o g y ,a n d t h e M I F a n t i b o d y f r o m A b c a m . L i p o f e c t a m i n e 2 0 0 0 r e a g e n t w a s o b t a i n e d f r o m I n v i t r o g e n .
 

NPRA antibody production and pur ification.A n t i b o d y a g a i n s t N P R A w a s g e n e r a t e d b y i n j e c t i n g r a b b i t s ( N e w Z e a l a n d w h i t e ) w i t h 4 0 0 
 g o fs y n t h e t i c N P R A p e p t i d e ( a m i n o a c i d 1 0 1 0 ñ 1 0 3 1 o f m o u s e N P R A p r o t e i n , w h i c h i s h o m o l o g o u st o r a t a n d h u m a n N P R A ) c o n j u g a t e d t o k e y h o l e l i m p e t h e m o c y a n i n ( B i o S y n t h e s i s , I n c . ,L e w i s v i l l e T X ) . A n t i b o d y w a s p u r i f i e d b y a p p l y i n g s e r u m t o a c o l u m n o f p r o t e i n A / G a g a r o s e( I n v i t r o g e n , C a r l s b a d , C A ) e q u i l i b r a t e d w i t h 2 0 m M T r i s , p H 7 . 5 , 1 5 0 m M N a C l , a n d e l u t i n gw i t h 1 0 0 m M c i t r a t e , p H 3 . 0 . T h e e l u a t e w a s n e u t r a l i z e d w i t h 5 M N a O H , g l y c e r o l w a s a d d e d t o5 0 % a n d t h e p u r i f i e d a l i q u o t s w e r e s t o r e d a t ñ 2 0 º C .
NPRA antibody competition assay. 

F o r d e t e r m i n i n g N P R A a n t i b o d y t i t e r , a 9 6 w e l l p l a t e w a sc o a t e d w i t h t h e n o n ñ K L H ñ c o n j u g a t e d N P R A ñ s p e c i f i c p e p t i d e ( a m i n o a c i d s 1 0 1 0 ñ 1 0 3 1 o f m o u s eN P R A p r o t e i n ) t h a t w a s u s e d t o r a i s e t h e a n t i b o d y o r a n u n r e l a t e d p e p t i d e . R a b b i t s e r a f r o m 6a n i m a l s w e r e p o o l e d a n d p u r i f i e d u s i n g a p r o t e i n A / G s e p h a r o s e c o l u m n ( P i e r c e ) . A s e r i a ld i l u t i o n o f t h e a n t i b o d y w a s a d d e d t o e a c h w e l l o f a m i c r o t i t e r p l a t e c o a t e d w i t h p e p t i d e s



o v e r n i g h t . F o r t h e c o m p e t i t i o n a s s a y , p u r i f i e d a n t i b o d y w a s i n c u b a t e d w i t h N P R A 0 s p e c i f i cp e p t i d e o n i c e f o r 1 h r a n d t h e n a d d e d t o t h e p l a t e . T h e p l a t e w a s w a s h e d a n d d e v e l o p e d u s i n gH R P 0 c o n j u g a t e d a n t i 0 r a b b i t I g G ( C e l l S i g n a l i n g ) a n d H R P 0 s u b s t r a t e ( R & D S y s t e m s ) . T h e p l a t ew a s r e a d a t 4 5 0 n m u s i n g a S y n e r g y H 4 p l a t e r e a d e r ( B i o t e k ) . T h e v a l u e s p r e s e n t e d a r e m e a n s o ff o u r w e l l s .
Cell counting and colony assay. 

A t t h e i n d i c a t e d t i m e s , c e l l s w e r e h a r v e s t e d b y t r y p s i n i z a t i o na n d v i a b l e c e l l n u m b e r s e n u m e r a t e d b y t r y p a n b l u e d y e 0 e x c l u s i o n . T o t e s t c o l o n i z a t i o n p o t e n t i a l ,T R 0 C 1 o r T R 0 C 3 c e l l s w e r e p l a t e d i n 1 0 0 m m d i s h e s a t 1 0 0 0 c e l l s / p l a t e . A f t e r 3 w e e k s , t h er e s u l t i n g c o l o n i e s w e r e s t a i n e d w i t h 0 . 2 5 % c r y s t a l v i o l e t , p h o t o g r a p h e d a n d c o u n t e d .
Luciferase repor ter  assays.

P C 3 c e l l s w e r e c o 0 t r a n s f e c t e d w i t h h N P 7 3 K 1 0 2 , m N P 7 3 K 1 0 2 o r v e c t o ra l o n e ( p V A X ) , r e p o r t e r p l a s m i d ( p N P R A 0 L u c ) , a n d a t r a n s f e c t i o n n o r m a l i z a t i o n v e c t o r( p R e n i l l a 0 l u c ) . D N A ( 0 . 5 0 1 たg / 1 0 6 c e l l s ) w a s t r a n s f e c t e d i n t o 6 0 % c o n f l u e n t P C 3 c e l l s u s i n gl i p o f e c t a m i n e ( L i f e T e c h n o l o g i e s ) . F o r t y 0 e i g h t h o u r s a f t e r t r a n s f e c t i o n , t h e r e p o r t e r a c t i v i t y w a sm e a s u r e d w i t h t h e D u a l 0 L u c i f e r a s e R e p o r t e r a s s a y s y s t e m ( P r o m e g a ) a c c o r d i n g t o t h em a n u f a c t u r e r ’ s i n s t r u c t i o n s . L u m i n e s c e n t s i g n a l s w e r e q u a n t i f i e d w i t h t h e S y n e r g y H 4 ( B i o t e k ) .R e p o r t e r a s s a y r e s u l t s w e r e b a s e d o n d a t a a v e r a g e d f r o m t h r e e r e p l i c a t e s .
 

Tissue microar ray (TMA) staining.  A h u m a n p r o s t a t e c a n c e r T M A c o n t a i n i n g 2 4 0 s a m p l e s , p r e p a r e d i n t h e h i s t o l o g y l a b o r a t o r y o ft h e M o f f i t t C a n c e r C e n t e r T i s s u e C o r e F a c i l i t y w a s u s e d t o t e s t f o r e x p r e s s i o n o f N P R A a n dM I F . T h e T M A s l i d e w a s s t a i n e d u s i n g a V e n t a n a D i s c o v e r y X T a u t o m a t e d s y s t e m ( V e n t a n a



M e d i c a l S y s t e m s , T u c s o n , A Z ) , a c c o r d i n g t o t h e m a n u f a c t u r e r ’ s p r o t o c o l . B r i e f l y , s l i d e s w e r ed e p a r a f f i n i z e d o n t h e a u t o m a t e d s y s t e m w i t h E Z P r e p s o l u t i o n ( V e n t a n a ) . F o l l o w i n g h e a t zi n d u c e d a n t i g e n r e t r i e v a l , t h e s l i d e w a s i n c u b a t e d w i t h N P R A a n t i b o d y ( 1 : 3 0 0 ) f o r 3 2 m i n a n dV e n t a n a a n t i z r a b b i t o r a n t i z g o a t s e c o n d a r y a n t i b o d y f o r 2 0 m i n . T h e d e t e c t i o n s y s t e m u s e d w a st h e V e n t a n a O m n i M a p k i t , a n d t h e s l i d e w a s t h e n c o u n t e r s t a i n e d w i t h h e m a t o x y l i n a n dd e h y d r a t e d .
TMA data analysis.  T h e T M A s l i d e w a s s c o r e d f o r i n t e n s i t y a n d c e l l u l a r i t y b y a n e x p e r t p a t h o l o g i s t . P o s i t i v e s t a i n i n gf o r N P R A w a s s c o r e d i n t o f o u r g r a d e s , a c c o r d i n g t o t h e i n t e n s i t y : 0 , 1 + , 2 + a n d 3 + . T h ep e r c e n t a g e o f N P R A z p o s i t i v e c e l l s w a s s c o r e d i n t o t h r e e c a t e g o r i e s : 1 ( 0 z 3 3 % ) , 2 ( 3 4 z 6 4 % ) a n d3 ( 6 5 z 1 0 0 % ) . T h e p r o d u c t o f t h e i n t e n s i t y a n d p e r c e n t a g e s c o r e s w a s u s e d a s t h e f i n a l s c o r e . T h ef i n a l s c o r e w a s c l a s s i f i e d a s : 0 , n e g a t i v e ; 1 z 3 , w e a k ; 4 z 6 , m o d e r a t e ; a n d 7 z 9 , s t r o n g . A m e d i a na n a l y s i s o f N P R A s c o r e s a n d t h e f r e q u e n c y i n e a c h d i s e a s e g r o u p o f h a v i n g a s c o r e a t o r b e l o wt h e m e d i a n w a s p e r f o r m e d . A l s o , t h e c h i z s q u a r e d t e s t , t h e K r u s k a l z W a l l i s t e s t a n d t h e W i l c o x o n zM a n n z W h i t n e y t e s t

"
w e r e u s e d t o c o m p a r e t h e s c o r e s b y g r o u p s . C o m p a r i s o n s w e r e d o n e f o r ( 1 )P I N z L v s . B P H ; ( 2 ) P I N z H v s . B P H ; ( 3 ) G l e a s o n z 6 v s . B P H ; ( 4 ) G l e a s o n z 7 v s . B P H ; ( 5 )G l e a s o n z 8 t o 1 0 v s . B P H a n d ( 6 ) A I v s . B P H .

 

Animals.M a l e C 5 7 B L / 6 m i c e w e r e p u r c h a s e d f r o m t h e N a t i o n a l C a n c e r I n s t i t u t e . M a l e C 5 7 B L / 6 N P R A zK O o r N P R A z h e t w e r e d e s c r i b e d b e f o r e [ 1 9 ] . A l l m i c e w e r e m a i n t a i n e d i n a p a t h o g e n z f r e e



e n v i r o n m e n t a n d a l l p r o c e d u r e s w e r e r e v i e w e d a n d a p p r o v e d b y t h e U n i v e r s i t y o f S o u t h F l o r i d aI n s t i t u t i o n a l A n i m a l C a r e a n d U s e C o m m i t t e e .
Preparation of plasmid nanopar ticles and administration to mice.  P l a s m i d s e n c o d i n g N P 7 3 » 1 0 2 , h N P 7 3 » 1 0 2 a n d V D w e r e c o n s t r u c t e d a s d e s c r i b e d p r e v i o u s l y [ 1 4 , 1 9 ] .P l a s m i d s e n c o d i n g s i R N A s a g a i n s t N P R A w e r e d e s c r i b e d p r e v i o u s l y [ 1 9 ] . P l a s m i d s e n c o d i n gs h N P R A s w e r e p u r c h a s e d f r o m O r i g e n e . F o r t r a n s f e c t i o n , e p i t h e l i a l c e l l s a t 6 0 % c o n f l u e n c e ( l o gp h a s e ) w e r e i n c u b a t e d i n c o m p l e t e m e d i u m a t 3 7 ° C w i t h p l a s m i d D N A ( 1 Ñ g / 1 0 6 c e l l s )c o m p l e x e d w i t h l i p o f e c t a m i n e ( G i b c o B R L L i f e T e c h n o l o g i e s , C a r l s b a d , C A ) . F o r t u m o r c e l li n o c u l a t i o n , T R A M P Ú C 1 c e l l s w e r e t r y p s i n i z e d , w a s h e d a n d r e s u s p e n d e d i n P B S a t 5 x 1 0 7 c e l l sp e r m l . M i c e w e r e i n j e c t e d s . c . i n t h e f l a n k w i t h 1 0 0 Ñ L o f r e s u s p e n d e d c a n c e r c e l l s . F o re v a l u a t i n g t h e e f f e c t s o f i N P R A i n m o d u l a t i n g t u m o r p r o g r e s s i o n , p l a s m i d s e n c a p s u l a t e d i nc h i t o s a n n a n o p a r t i c l e s ( 2 5 Ñ g o f p l a s m i d p l u s 1 2 5 Ñ g o f c h i t o s a n ) w e r e a d m i n i s t e r e d i . p . t w i c e aw e e k u n t i l s a c r i f i c e d . T u m o r s i z e s w e r e m e a s u r e d e x t e r n a l l y b y c a l i p e r s , a n d a t t h e e n d o fe x p e r i m e n t ( d a y 6 2 ) , t h e m i c e w e r e e u t h a n i z e d a n d t h e t u m o r s w e r e r e m o v e d a n d w e i g h e d .P r o t e i n s f r o m t u m o r s w e r e e x t r a c t e d a n d e x a m i n e d f o r N P R A a n d M I F e x p r e s s i o n b y w e s t e r nb l o t t i n g .
Blood pressure measurement:

D i a s t o l i c a n d s y s t o l i c p r e s s u r e s o f a g e Ú m a t c h e d m i c e w e r em e a s u r e d u s i n g t h e C O D A n o n i n v a s i v e b l o o d p r e s s u r e s y s t e m ( K e n t S c i e n t i f i c ) . B r i e f l y , m i c ew e r e p l a c e d i n a r e s t r a i n e r o n a h o t w a t e r b l a n k e t a n d t h e r e s t r a i n e r w a s c o v e r e d w i t h a w a r mw a t e r g l o v e . T h e o c c l u s i o n c u f f w a s f i t t e d t o t h e b a s e o f t h e t a i l a n d t h e V P R c u f f s l i d d o w n u n t i li t r e a c h e d t h e o c c l u s i o n c u f f . M a x i m u m o c c l u s i o n p r e s s u r e w a s s e t t o 2 5 0 たL w i t h a d e f l a t i o n



t i m e o f 2 0 s e c o n d s a n d a m i n i m u m v o l u m e o f b l o o d f l o w i n t h e t a i l o f 1 0 た
L . T h e o c c l u s i o n c u f fw a s i n f l a t e d t o i m p e d e t h e b l o o d f l o w t o t h e t a i l . A s t h e o c c l u s i o n c u f f i s d e f l a t e d , a s e c o n d t a i lc u f f w i t h t h e V P R s e n s o r s r e c o r d s t h e p r e s s u r e a t t h e p o i n t w h e r e b l o o d f l o w r e t u r n s . T h es y s t o l i c i s m e a s u r e d a t t h e f i r s t a p p e a r a n c e o f t a i l s w e l l i n g a n d t h e d i a s t o l i c i s c a l c u l a t e d w h e nt h e i n c r e a s i n g r a t e o f s w e l l i n g c e a s e s i n t h e t a i l .

Western blot analysis
.W e s t e r n b l o t a s s a y w a s p e r f o r m e d a s p r e v i o u s l y d e s c r i b e d [ 4 9 ] . C e l l s w e r e l y s e d , t o t a l c e l l u l a rp r o t e i n ( 1 2 0 � g ) w a s s e p a r a t e d b y S D S 
 P A G E , b l o t t e d t o n i t r o c e l l u l o s e , a n d i n c u b a t e d w i t ha n t i b o d i e s t o s p e c i f i c p r o t e i n s . B a n d s w e r e v i s u a l i z e d b y e n h a n c e d c h e m i l u m i n e s c e n c e( A m e r s h a m L i f e S c i e n c e s , P i s c a t a w a y , N J ) o n K o d a k X 
 O M A T 
 A R f i l m .

Real-time PCR analysis.  T o t a l R N A w a s i s o l a t e d u s i n g t h e R N e a s y m i n i k i t ( Q i a g e n ) . O n e t u b e c D N A s y n t h e s i s f o l l o w e db y r e a l 
 t i m e P C R w a s p e r f o r m e d i n a 2 5 � l r e a c t i o n m i x t u r e u s i n g T a q m a n R N A 
 t o 
 C T ™
1-Step K i t ( A p p l i e d B i o s y s t e m s ) . Q u a n t i t a t i v e r e a l 
 t i m e P C R w a s c a r r i e d o u t o n t h e C F X 9 6 r e a l 
 t i m eS y s t e m ( B i o 
 R a d ) . T a q m a n g e n e e x p r e s s i o n a s s a y s ( A p p l i e d B i o s y s t e m s ) H s 0 0 4 1 8 5 6 8 ,H s 0 0 2 3 6 9 8 8 a n d 4 3 3 3 7 6 2 , r e s p e c t i v e l y a r e u s e d f o r a m p l i f i c a t i o n o f N P R 1 , M I F a n d d
 a c t i n .

"T h e c o n d i t i o n s f o r t h e r e a l 
 t i m e P C R a s s a y w e r e 1 5 m i n a t 4 8 ° C , 1 0 m i n a t 9 5 ° C , 4 0 c y c l e s o f1 5 s e c a t 9 5 ° C a n d 6 0 s e c a t 6 0 ° C .
"

E x p r e s s i o n o f e a c h t a r g e t m R N A r e l a t i v e t o d
 a c t i n w a sc a l c u l a t e d u n d e r e x p e r i m e n t a l a n d c o n t r o l c o n d i t i o n s b a s e d o n t h r e s h o l d c y c l e (
Ct ) a s

r = 2 &〉 ( 〉Ct ) ,w h e r e 〉Ct = Ct t a r g e t & Ct d / a c t i n a n d 〉( 〉Ct ) = 〉Ct e x p e r i m e n t a l & 〉Ct c o n t r o l .



ANP ELISA. D u p l i c a t e a l i q u o t s o f 5 0 G l o f c u l t u r e s u p e r n a t a n t s w e r e a s s a y e d f o r A N P c o n c e n t r a t i o n u s i n g af l u o r e s c e n t i m m u n o a s s a y k i t ( P h o e n i x P h a r m a c e u t i c a l s , B u r l i n g a m e C A ) . A N P s t a n d a r d s w e r er u n t o g e n e r a t e a s t a n d a r d c u r v e t h a t w a s u s e d t o c a l c u l a t e t h e a v e r a g e A N P c o n c e n t r a t i o n .
 

SuperArray analysis of prostate tissues.N P R A ] K O a n d W T C 5 7 B L / 6 m i c e ( n = 4 ) w e r e i n j e c t e d i . p . w i t h L P S ( 1 m g / k g b o d y w e i g h t )f o r 3 h r s , p r i o r t o p r o s t a t e h a r v e s t i n g . T o t a l R N A w a s i s o l a t e d u s i n g a n R N A e a s y k i t ( Q I A G E N ,V a l e n c i a , C A ) a n d a p o o l o f t o t a l R N A b y g r o u p h y b r i d i z e d t o t h e m o u s e a u t o i m m u n e a n di n f l a m m a t o r y r e s p o n s e O l i g o G E a r r a y ( S u p e r A r r a y F r e d e r i c k , M D ) , a c c o r d i n g t o t h em a n u f a c t u r e r ’ s i n s t r u c t i o n s . T h e X ] r a y f i l m s w e r e s c a n n e d , a n d t h e s p o t s w e r e a n a l y z e d u s i n gS u p e r A r r a y S o f t w a r e . T h e r e l a t i v e e x p r e s s i o n l e v e l w a s d e t e r m i n e d b y c o m p a r i n g t h e s i g n a li n t e n s i t y o f e a c h g e n e i n t h e a r r a y a f t e r n o r m a l i z a t i o n t o t h e s i g n a l o f a s e t o f h o u s e k e e p i n gg e n e s .
Statistics.  T h e n u m b e r o f m i c e u s e d i n e a c h t e s t g r o u p w a s a m i n i m u m o f f o u r . E x p e r i m e n t s w e r e r e p e a t e da t l e a s t o n c e , a n d m e a s u r e m e n t s w e r e e x p r e s s e d a s m e a n s + S D . P a i r s o f g r o u p s w e r e c o m p a r e dt h r o u g h t h e u s e o f S t u d e n t ’ s

t
t e s t s . D i f f e r e n c e s b e t w e e n g r o u p s w e r e c o n s i d e r e d s i g n i f i c a n t a t
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Authors’ Contr ibutions. X W d e s i g n e d t h e e x p e r i m e n t s , i n t e r p r e t e d t h e r e s u l t s a n d p r e p a r e d t h e m a n u s c r i p t u n d e r t h es u p e r v i s i o n o f S M . P R , R P , G H a n d X K p r o v i d e d t e c h n i c a l a s s i s t a n c e f o r e x p e r i m e n t s . G H a l s oc o n t r i b u t e d t o t h e m a n u s c r i p t e d i t i n g . D C p r o v i d e d e x p e r t i s e i n s c o r i n g T M A s l i d e s . K L M a n dP L D p r o v i d e d e x p e r t i s e i n M I F r e l a t e d s t u d i e s . S S M p r o v i d e d k e y r e a g e n t s f o r t h e s t u d y . S S M ,K L M a n d P L D c r i t i c a l l y e v a l u a t e d t h e m a n u s c r i p t . A l l a u t h o r s r e a d a n d a p p r o v e d t h e f i n a lm a n u s c r i p t .A c k n o w l e d g e m e n t s : T h i s r e s e a r c h w a s s u p p o r t e d b y f u n d s f r o m N I H C A 1 3 9 7 8 5 a n d
09BW-08B a n k h e a d C o l e y C a n c e r R e s e a r c h P r o g r a m g r a n t s t o S M a n d N I H C A 1 5 2 0 0 5 t o b o t h S S M a n dS M . W e t h a n k D r . H o n g W u ( U C L A ) f o r p r o v i d i n g P 2 a n d C a P 2 c e l l l i n e s , D r . W e n l o n g B a i( U S F ) f o r T R A M P ¯ C 2 c e l l l i n e a n d D r . W i l l i a m G o w e r ( J A H ¯ V A ) f o r R G M 1 c e l l l i n e . W et h a n k D r . H o n g y u Z h e n g a n d M r . M u r a l i K a n a k e n a h a l l i f o r t e c h n i c a l a s s i s t a n c e , D r s . R e n C h e na n d A m b u j K u m a r f o r S t a t i s t i c a l a n a l y s e s , D r . A l e x L o p e z f o r T M A a n a l y s i s . W e a c k n o w l e d g et h e a s s i s t a n c e o f t h e M o f f i t t C a n c e r C e n t e r T i s s u e C o r e , M i c r o s c o p y C o r e a n d M o l e c u l a rB i o l o g y C o r e .
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Figure Legends 

Fig. 1. N P R A e x p r e s s i o n i n t u m o r c e l l s . ( A ) I m m u n o b l o t a n a l y s i s d e m o n s t r a t i n g s p e c i f i c i t y o fa n t i Ò N P R A a n t i b o d y . C e l l l y s a t e s w e r e s u b j e c t e d t o S D S Ò P A G E / i m m u n o b l o t a n a l y s i s w i t hr a b b i t p o l y c l o n a l a n t i b o d y s p e c i f i c f o r h u m a n N P R A ( t o p ) a n d b e t a Ò a c t i n ( b o t t o m ) . F o r t h ec o m p e t i t i o n a s s a y , l a n e 5 w a s i n c u b a t e d w i t h N P R A Ò a n t i b o d y a d s o r b e d w i t h N P R A p e p t i d e ( 2 0á g / m l ) . ( B ) W e s t e r n b l o t t i n g f o r N P R A e x p r e s s i o n . dÒ a c t i n e x p r e s s i o n w a s u s e d a s l o a d i n gc o n t r o l . ( C ) T o t a l R N A o f i n d i c a t e d c e l l l i n e s w a s a n a l y z e d f o r N P R A b y r e a l t i m e P C R . N P R Ae x p r e s s i o n w a s n o r m a l i z e d w i t h r e s p e c t t o dÒ a c t i n . ( D ) W h o l e c e l l l y s a t e s o f T R A M P Ò C 1 , C 2 ,C 3 , C a P 2 a n d P 2 c e l l s w e r e a n a l y z e d b y w e s t e r n b l o t t i n g f o r N P R A . ( E ) A N P e x p r e s s i o n i n P C ac e l l s . C e l l s w e r e c u l t u r e d i n m e d i a c o n t a i n i n g 0 . 5 % f e t a l b o v i n e s e r u m f o r 4 8 h r s a n d t h e c u l t u r es u p e r n a t a n t s w e r e a n a l y z e d f o r A N P b y e n z y m e i m m u n o a s s a y k i t ( P h o e n i x P h a r m a c e u t i c a l s ) .
 

Fig. 2. S t r o n g i m m u n o r e a c t i v i t y f o r N P R A i n h u m a n p r o s t a t e T M A . ( A ) A 2 0 0 x i m a g e o f ar e p r e s e n t a t i v e s a m p l e f r o m e a c h d i s e a s e s t a g e i s s h o w n . ( B ) I m a g e s ( 4 0 0 x ) o f a r e p r e s e n t a t i v eB P H a n d G l e a s o n 7 a r e s h o w n . ( C ) T h e f i n a l N P R A s c o r e s f o r e a c h s a m p l e o f d i f f e r e n t s t a g e s o fP C a a r e s h o w n . T h e b a r r e p r e s e n t s t h e m e a n s a m p l e s c o r e f o r e a c h c a t e g o r y o f P C a .
 

Fig. 3. N P R A Ò d e f i c i e n c y i m p a i r s t u m o r e n g r a f t m e n t a n d i n d u c e s a p o p t o s i s o f P C a c e l l s . ( A )N P R A Ò d e f i c i e n c y i m p a i r e d e n g r a f t m e n t o f T R A M P Ò C 1 c e l l s . T h r e e g r o u p s o f m i c e ( w i l d t y p e( W T ) , h e t e r o z y g o u s ( H e t ) a n d h o m o z y g o u s ( N P R A Ò K O ) , ( n = 5 p e r g r o u p ) w e r e i n j e c t e d s . c . i nt h e l e f t a n d r i g h t f l a n k s w i t h 5 x 1 0 6 T R A M P Ò C 1 c e l l s p e r s i t e . M i c e w e r e e u t h a n i z e d t e n w e e k sa f t e r i n j e c t i o n . T u m o r s w e r e e x c i s e d a n d w e i g h e d . M e a n t u m o r w e i g h t s + S E M a r e s h o w n . ( B ÒC ) N P R A d e f i c i e n c y i n d u c e d a p o p t o s i s o f P C a c e l l s . T R A M P Ò C 1 c e l l s w e r e t r a n s i e n t l y



t r a n s f e c t e d w i t h p s i N P R A ( s i 1 a n d s i 2 ) a n d c o n t r o l p l a s m i d ( p U 6 ) . C e l l s w e r e h a r v e s t e d 7 2 h r sl a t e r a n d w h o l e c e l l l y s a t e s w e r e a n a l y s e d f o r N P R A a n d P A R P b y w e s t e r n b l o t t i n g . ( C )T R A M P � C 1 c e l l s w e r e t r a n s f e c t e d w i t h p U 6 o r p s i 2 p l a s m i d s . F o r t y � e i g h t h o u r s a f t e rt r a n s f e c t i o n , a p o p t o s i s w a s m o n i t o r e d b y T U N E L a s s a y .
Fig. 4.

N P R A d e p l e t i o n i n h i b i t s M I F e x p r e s s i o n .
 (A) 

S u p e r A r r a y a n a l y s i s o f p r o s t a t e t i s s u e s o fN P R A � K O a n d W T C 5 7 B L / 6 m i c e . T h e r e l a t i v e e x p r e s s i o n l e v e l o f g e n e s t h a t a r e a l t e r e d i n t h ep r o s t a t e t i s s u e s o f N P R A � K O v s . W T i s s h o w n . ( B � C ) C e l l s w e r e t r a n s f e c t e d w i t h i N P R A s .W h o l e c e l l l y s a t e s w e r e e x t r a c t e d 7 2 h r s a f t e r t r a n s f e c t i o n a n d e x a m i n e d f o r N P R A a n d M I F b yw e s t e r n b l o t t i n g . T R A M P � C 1 c e l l s w e r e t r a n s f e c t e d w i t h p s h N P R A s o r e m p t y v e c t o r ( B ) ; P C 3c e l l s w e r e t r a n s f e c t e d w i t h p h N P 7 3 + 1 0 2 p l a s m i d o r p V A X p l a s m i d ( C ) . ( D ) R e l a t i v e b a n d i n t e n s i t yf o r N P R A a n d M I F e x p r e s s i o n i n F i g . 4 C i s s h o w n .
Fig. 5.

i N P R A t r e a t m e n t r e d u c e s t u m o r b u r d e n b y i n h i b i t i n g M I F e x p r e s s i o n . ( A � B ) E f f e c t s o fi N P R A i n T R A M P � C 1 i n o c u l a t e d x e n o g r a f t s i n i m m u n o c o m p e t e n t m i c e .
 

F o u r g r o u p s o fC 5 7 B L / 6 m i c e ( n = 7 p e r g r o u p ) w e r e i n j e c t e d s . c . i n t h e r i g h t f l a n k w i t h 5 x 1 0 6 T R A M P � C 1c e l l s . T w o w e e k s l a t e r , t u m o r � i n o c u l a t e d m i c e w e r e t r e a t e d w i t h C N P s e n c a p s u l a t e d w i t h p V A X ,p N P 7 3 + 1 0 2 , p V D o r a c o m b i n a t i o n o f p N P 7 3 + 1 0 2 a n d p V D i . p . t w i c e a w e e k u n t i l e u t h a n i z e d . T h et u m o r s i z e ( A ) w a s m e a s u r e d a t t h e i n d i c a t e d d a y s , a n d t h e w e i g h t w a s r e c o r d e d a f t e r t u m o rr e s e c t i o n ( B ) . ( C ) N P R A e x p r e s s i o n c o r r e l a t e s w i t h M I F e x p r e s s i o n i n t u m o r l y s a t e s . T u m o rl y s a t e s f r o m B w e r e a n a l y s e d f o r N P R A a n d M I F b y w e s t e r n b l o t t i n g . p V A X ( l a n e s 1 � 3 ) a n dp N P 7 3 + 1 0 2 ( l a n e s 4 � 6 ) . d� a c t i n w a s u s e d a s a l o a d i n g c o n t r o l .
 



Fig. 6. N P R A a n d M I F e x p r e s s i o n i n p r i m a r y p r o s t a t e t u m o r s a n d P C a c e l l l i n e s . ( A ) N P R A a n dM I F e x p r e s s i o n i n p r i m a r y p r o s t a t e t u m o r s .  P r o s t a t e t i s s u e s w e r e h o m o g e n i z e d u s i n g a p o l y t r o na n d c e l l l y s a t e s w e r e a n a l y z e d f o r N P R A a n d M I F b y w e s t e r n b l o t t i n g . L a n e s 1 \ 3 : l y s a t e s o fT R A M P p r o s t a t e s . L a n e s 4 \ 5 : l y s a t e s o f C 5 7 B L / 6 p r o s t a t e s . ( B ) W h o l e c e l l l y s a t e s o f t u m o r c e l ll i n e s a n d c o n t r o l ( n o r m a l ) c e l l s w e r e a n a l y z e d b y w e s t e r n b l o t t i n g . ( C ) T o t a l R N A o f i n d i c a t e dc e l l l i n e s w a s a n a l y z e d f o r M I F b y r e a l \ t i m e P C R .



References 

1. Goggins WB, Wong GK: Poor  survival for  US Pacific Islander  cancer  patients: 

evidence from the Surveillance, Epidemiology, and End Results database: 1991 to 

2004. J Clin Oncol 2007, 25:5738-5741. 

2. Miller  BA, Chu KC, Hankey BF, Ries LA: Cancer  incidence and mor tality patterns 

among specific Asian and Pacific Islander  populations in the U.S. Cancer Causes 

Control 2007. 

3. De Marzo AM, Nakai Y, Nelson WG: Inflammation, atrophy, and prostate 

carcinogenesis. Urol Oncol 2007, 25:398-400. 

4. De Marzo AM, Platz EA, Sutcliffe S, Xu J , Gronberg H, Drake CG, Nakai Y, Isaacs 

WB, Nelson WG: Inflammation in prostate carcinogenesis. Nat Rev Cancer 2007, 

7:256-269. 

5. Nelson WG: Prostate cancer  prevention. Curr Opin Urol 2007, 17:157-167. 

6. Kelloff GJ , Lieberman R, Steele VE, Boone CW, Lubet RA, Kopelovich L, Malone 

WA, Crowell JA, Higley HR, Sigman CC: Agents, biomarkers, and cohor ts for  

chemopreventive agent development in prostate cancer . Urology 2001, 57:46-51. 

7. Thun MJ, Henley SJ , Patrono C: Nonsteroidal anti-inflammatory drugs as 

anticancer  agents: mechanistic, pharmacologic, and clinical issues. J Natl Cancer 

Inst 2002, 94:252-266. 

8. Nelson JE, Har r is RE: Inverse association of prostate cancer  and non-steroidal anti-

inflammatory drugs (NSAIDs): results of a case-control study. Oncol Rep 2000, 

7:169-170. 

9. Mohapatra SS, Lockey RF, Vesely DL, Gower  WR, J r .: Natr iuretic peptides and 

genesis of asthma: an emerging paradigm? J Allergy Clin Immunol 2004, 114:520-

526. 

10. Vesely BA, Song S, Sanchez-Ramos J , Fitz SR, Alli AA, Solivan SM, Gower  WR, 

J r ., Vesely DL: Five cardiac hormones decrease the number  of human small-cell 

lung cancer  cells. Eur J Clin Invest 2005, 35:388-398. 

11. Vesely DL: Atr ial natr iuretic peptide prohormone gene expression: hormones and 

diseases that upregulate its expression. IUBMB Life 2002, 53:153-159. 

12. Vesely DL, Perez-Lamboy GI, Schocken DD: Vessel dilator , long acting natr iuretic 

peptide, and kaliuretic peptide increase circulating prostaglandin E2. Life Sci 2000, 

66:905-913. 

13. Kiemer  AK, Vollmar  AM: The atr ial natr iuretic peptide regulates the production of 

inflammatory mediators in macrophages. Ann Rheum Dis 2001, 60 Suppl 3:iii68-70. 

14. Hellermann G, Kong X, Gunnarsdottir  J , San Juan H, Singam R, Behera S, Zhang 

W, Lockey RF, Mohapatra SS: Mechanism of bronchoprotective effects of a novel 

natr iuretic hormone peptide. J Allergy Clin Immunol 2004, 113:79-85. 

15. Kumar  M, Behera AK, Lockey RF, Vesely DL, Mohapatra SS: Atr ial natr iuretic 

peptide gene transfer  by means of intranasal administration attenuates airway 

reactivity in a mouse model of allergic sensitization. J Allergy Clin Immunol 2002, 

110:879-882. 

16. Mohapatra SS: Role of natr iuretic peptide signaling in modulating asthma and 

inflammation. Can J Physiol Pharmacol 2007, 85:754-759. 



17. Sun Y, Eichelbaum EJ , Wang H, Vesely DL: Vessel dilator  and kaliuretic peptide 

inhibit ERK 1/2 activation in human prostate cancer  cells. Anticancer Res 2006, 

26:3217-3222. 

18. Sun Y, Eichelbaum EJ , Wang H, Vesely DL: Vessel dilator  and kaliuretic peptide 

inhibit MEK 1/2 activation in human prostate cancer  cells. Anticancer Res 2007, 

27:1387-1392. 

19. Kong X, Wang X, Xu W, Behera S, Hellermann G, Kumar  A, Lockey RF, 

Mohapatra S, Mohapatra SS: Natr iuretic peptide receptor  a as a novel anticancer  

target. Cancer Res 2008, 68:249-256. 

20. Wang X, Xu W, Mohapatra S, Kong X, Li X, Lockey RF, Mohapatra SS: 

Prevention of airway inflammation with topical cream containing imiquimod and 

small inter fer ing RNA for  natr iuretic peptide receptor . Genet Vaccines Ther 2008, 

6:7. 

21. Lopez MJ, Wong SK, Kishimoto I, Dubois S, Mach V, Fr iesen J , Garbers DL, Beuve 

A: Salt-resistant hyper tension in mice lacking the guanylyl cyclase-A receptor  for  

atr ial natr iuretic peptide. Nature 1995, 378:65-68. 

22. Gower  WR, J r ., Car ter  GM, McAfee Q, Solivan SM: Identification, regulation and 

anti-proliferative role of the NPR-C receptor  in gastr ic epithelial cells. Mol Cell 

Biochem 2006, 293:103-118. 

23. Foster  BA, Gingr ich JR, Kwon ED, Madias C, Greenberg NM: Character ization of 

prostatic epithelial cell lines der ived from transgenic adenocarcinoma of the mouse 

prostate (TRAMP) model. Cancer Res 1997, 57:3325-3330. 

24. J iao J , Wang S, Qiao R, Vivanco I, Watson PA, Sawyers CL, Wu H: Mur ine cell 

lines der ived from Pten null prostate cancer  show the cr itical role of PTEN in 

hormone refractory prostate cancer  development. Cancer Res 2007, 67:6083-6091. 

25. Wang X, Xu W, Kong X, Chen D, Hellermann G, Ahler t TA, Giaimo JD, Cormier  

SA, Li X, Lockey RF, et al: Modulation of lung inflammation by vessel dilator  in a 

mouse model of allergic asthma. Respir Res 2009, 10:66. 

26. Le NT, Xue M, Castelnoble LA, Jackson CJ : The dual personalities of matr ix 

metalloproteinases in inflammation. Front Biosci 2007, 12:1475-1487. 

27. He Z, Ong CH, Halper  J , Bateman A: Progranulin is a mediator  of the wound 

response. Nat Med 2003, 9:225-229. 

28. Salama I, Malone PS, Mihaimeed F, Jones JL: A review of the S100 proteins in 

cancer . Eur J Surg Oncol 2008, 34:357-364. 

29. Kawada M, Inoue H, Usami I, Takamoto K, Masuda T, Yamazaki Y, Ikeda D: 

Establishment of a highly tumor igenic LNCaP cell line having inflammatory 

cytokine resistance. Cancer Lett 2006, 242:46-52. 

30. Liu XH, Kirschenbaum A, Lu M, Yao S, Klausner  A, Preston C, Holland JF, Levine 

AC: Prostaglandin E(2) stimulates prostatic intraepithelial neoplasia cell growth 

through activation of the inter leukin-6/GP130/STAT-3 signaling pathway. Biochem 

Biophys Res Commun 2002, 290:249-255. 

31. Meyer -Siegler  KL, Vera PL, Iczkowski KA, Bifulco C, Lee A, Gregersen PK, Leng 

L, Bucala R: Macrophage migration inhibitory factor  (MIF) gene polymorphisms 

are associated with increased prostate cancer  incidence. Genes Immun 2007, 8:646-

652. 



32. Meyer -Siegler  KL, Iczkowski KA, Leng L, Bucala R, Vera PL: Inhibition of 

macrophage migration inhibitory factor  or  its receptor  (CD74) attenuates growth 

and invasion of DU-145 prostate cancer  cells. J Immunol 2006, 177:8730-8739. 

33. Meyer -Siegler  KL, Iczkowski KA, Vera PL: Fur ther  evidence for  increased 

macrophage migration inhibitory factor  expression in prostate cancer . BMC Cancer 

2005, 5:73. 

34. Vesely BA, Alli AA, Song SJ , Gower  WR, J r ., Sanchez-Ramos J , Vesely DL: Four  

peptide hormones'  specific decrease (up to 97% ) of human prostate carcinoma cells. 

Eur J Clin Invest 2005, 35:700-710. 

35. Bell EN, Tse MY, Freder iksen LJ , Gardhouse A, Pang SC, Graham CH, Siemens 

DR: Atr ial natr iuretic peptide attenuates hypoxia induced chemoresistance in 

prostate cancer  cells. J Urol 2007, 177:751-756. 

36. Sun Y, Eichelbaum EJ , Wang H, Vesely DL: Atr ial natr iuretic peptide and long 

acting natr iuretic peptide inhibit ERK 1/2 in prostate cancer  cells. Anticancer Res 

2006, 26:4143-4148. 

37. Cao L, Wu J , Gardner  DG: Atr ial natr iuretic peptide suppresses the transcr iption 

of its guanylyl cyclase-linked receptor . J Biol Chem 1995, 270:24891-24897. 

38. Stark JR, Li H, Kraft P, Kur th T, Giovannucci EL, Stampfer  MJ, Ma J , Mucci LA: 

Circulating prediagnostic inter leukin-6 and C-reactive protein and prostate cancer  

incidence and mor tality. Int J Cancer 2009, 124:2683-2689. 

39. Tumminello FM, Badalamenti G, Incorvaia L, Fulfaro F, D'Amico C, Leto G: 

Serum inter leukin-6 in patients with metastatic bone disease: cor relation with 

cystatin C. Med Oncol 2009, 26:10-15. 

40. Beebe-Dimmer  JL, Dunn RL, Sarma AV, Montie JE, Cooney KA: Features of the 

metabolic syndrome and prostate cancer  in Afr ican-Amer ican men. Cancer 2007, 

109:875-881. 

41. Rodr iguez C, Jacobs EJ , Deka A, Patel AV, Bain EB, Thun MJ, Calle EE: Use of 

blood-pressure-lower ing medication and r isk of prostate cancer  in the Cancer  

Prevention Study II Nutr ition Cohor t. Cancer Causes Control 2009, 20:671-679. 

42. Mentor -Marcel R, Lamar tiniere CA, Eltoum IE, Greenberg NM, Elgavish A: 

Genistein in the diet reduces the incidence of poor ly differentiated prostatic 

adenocarcinoma in transgenic mice (TRAMP). Cancer Res 2001, 61:6777-6782. 

43. Michalaki V, Syr igos K, Char les P, Waxman J : Serum levels of IL-6 and TNF-alpha 

cor relate with clinicopathological features and patient survival in patients with 

prostate cancer . Br J Cancer 2004, 90:2312-2316. 

44. Paule B, Ter ry S, Kheuang L, Soyeux P, Vacherot F, de la Taille A: The NF-

kappaB/IL-6 pathway in metastatic androgen-independent prostate cancer : new 

therapeutic approaches? World J Urol 2007, 25:477-489. 

45. Smith PC, Hobisch A, Lin DL, Culig Z, Keller  ET: Inter leukin-6 and prostate 

cancer  progression. Cytokine Growth Factor Rev 2001, 12:33-40. 

46. Smith PC, Keller  ET: Anti-inter leukin-6 monoclonal antibody induces regression of 

human prostate cancer  xenografts in nude mice. Prostate 2001, 48:47-53. 

47. Borsellino N, Belldegrun A, Bonavida B: Endogenous inter leukin 6 is a resistance 

factor  for  cis-diamminedichloroplatinum and etoposide-mediated cytotoxicity of 

human prostate carcinoma cell lines. Cancer Res 1995, 55:4633-4639. 



48. Hamatake M, Yoshino I, Tomiyasu M, Miura N, Okazaki H, Ohba T, Takenaka T, 

Maehara Y: Intratumoral expression of macrophage migration inhibitory factor  is 

cor related with serum C-reactive protein and inter leukin-6 in patients with non-

small cell lung cancer . Surg Today 2008, 38:921-925. 

49. Mohapatra S, Chu B, Zhao X, Pledger  WJ: Accumulation of p53 and reductions in 

XIAP abundance promote the apoptosis of prostate cancer  cells. Cancer Res 2005, 

65:7717-7723. 

 



Additional Files 

Additional Files 

Additional File 1: Fig. S1. Character ization of rabbit polyclonal antibody to NPRA. ( A )N P R A c o m p e t i t i o n a s s a y . R e a c t i v i t y o f o f a n t i { N P R A a n t i b o d y t o a n u n r e l a t e d ( U ) p e p t i d e a n dN P R A { p e p t i d e ( S ) i s s h o w n . F o r t h e c o m p e t i t i o n a s s a y , N P R A { a n t i b o d y w a s a d s o r b e d w i t hN P R A p e p t i d e ( 2 0 u g / m l ) ( r e f e r r e d t o a s S { A ) p r i o r t o i n c u b a t i o n . ( B { D ) I m m u n o f l u o r e s c e n c e( B ) a n d i m m u n o h i s t o c h e m i s t r y ( C { D ) o f a n t i { N P R A a n t i b o d y . T h e i n d i c a t e d c e l l l i n e s w e r ec u l t u r e d o n c h a m b e r s l i d e s a n d i m m u n o s t a i n e d u s i n g a n t i { N P R A A b . A s a n e g a t i v e c o n t r o l , P C 3c e l l s w e r e i n c u b a t e d w i t h s e c o n d a r y A b a l o n e ( C o n t r o l ) . ( C ) T w o i d e n t i c a l m u l t i { t i s s u e T M As l i d e s c o n t a i n i n g c o l o n , p r o s t a t e , b r e a s t , a n d p a n c r e a s t u m o r t i s s u e s w e r e u s e d t o o p t i m i z ei m m u n o s t a i n i n g . T M A s s l i d e s w e r e i n c u b a t e d w i t h N P R A { A b ( l e f t s i d e ) o r n o a n t i b o d y ( r i g h ts i d e ) . ( D ) D e m o n s t r a t e s p e c i f i c i t y o f N P R A a n t i b o d y . I d e n t i c a l t u m o r t i s s u e s w e r ei m m u n o s t a i n e d w i t h e i t h e r N P R A a n t i b o d y ( t o p ) o r N P R A { a n t i b o d y a d s o r b e d w i t h N P R Ap e p t i d e ( 2 0 u g / m l ) .
Additional File 2: Fig. S2. Evaluation of TRAMP tumor  cell growth potential and colony-

forming ability. ( A ) V i a b i l i t y c o u n t s o f t u m o r c e l l s a f t e r f o u r d a y s . T R A M P { C 1 , { C 2 a n d { C 3c e l l s w e r e p l a t e d a t 1 0 5 c e l l s p e r p l a t e f o r 4 d a y s a n d v i a b l e c e l l n u m b e r s w e r e e n u m e r a t e d a t t h ei n d i c a t e d d a y s b y t r y p a n b l u e d y e { e x c l u s i o n . ( B & C ) T u m o r c e l l c o l o n y f o r m a t i o n a f t e r t h r e ew e e k s .  T R A M P { C 1 o r T R { C 3 c e l l s w e r e p l a t e d i n 1 0 0 m m d i s h e s a t 1 0 0 0 c e l l s / d i s h . A f t e r 3w e e k s , t h e c o l o n i e s w e r e s t a i n e d , p h o t o g r a p h e d ( B ) o r c o u n t e d ( C ) .



Additional File 3: Table S1. Median analysis of NPRA expression in tissue multi-ar ray from 

240 subjects. 

Additional File 4: Table S2. Frequency of Gleason scores above and below the median. 

 

Additional File 5: Fig. S3. pNP73-102 inhibits NPRA expression. P C 3 c e l l s w e r e c o ¤ t r a n s f e c t e dw i t h p V A X , p h N P 7 3 ´ 1 0 2 , p V D o r p m N P 7 3 ¤ 1 0 2 a n d p N P R A ¤ l u c p l a s m i d a n d p R e n i l l a ¤ l u cp l a s m i d s . F o r t y ¤ e i g h t h r s a f t e r t r a n s f e c t i o n , l y s a t e s w e r e a n a l y z e d f o r l u c i f e r a s e r e p o r t e r a c t i v i t y .R e l a t i v e l u c i f e r a s e a c t i v i t y + S D i s s h o w n .
Additional File 6: Fig. S4. Blood pressure measurements in NPRA knockout mice 

compared to wild type and TRAMP mice. D i a s t o l i c a n d s y s t o l i c p r e s s u r e o f a g e ¤ m a t c h e d w t( n = 3 ) , N P R A ¤ K O ( n = 4 ) a n d T R A M P ( n = 4 ) m a l e m i c e w e r e m e a s u r e d u s i n g t h e C O D An o n i n v a s i v e b l o o d p r e s s u r e s y s t e m ( K e n t S c i e n t i f i c ) . D a t a i s p r e s e n t e d a s m e a n p r e s s u r e + S D .
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