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DISCUSSION AND CONCLUSION 

Unilateral Ureteral Obstruction and Immune Cells

U n ila te ra l  u re te ra l  o b s tru c tio n  (บ บ O ) is a  c o n d itio n  in  w h ic h  th e  
ly m p h o c y te s  p la y  a n  im p o r ta n t  ro le  in  re n a l p a th o lo g y .152,153 It h a s  b e e n  
d e m o n s tra te d  th a t  u u o  in d u c es  th e  in f i l t ra t io n  o f  m a c ro p h a g e s  an d  
ly m p h o c y te s  (b o th  su p p re s s o r  an d  cy to to x ic  T  c e lls )  in  re n a l tis su e  in  b o th  
m e d u lla  a n d  c o r te x .12 T h e se  ce lls  c o u ld  p ro d u c e  m a n y  m a jo r  c y to k in e s , 
su ch  as T N F , r e s u l t in g  in  th e  m a in  p a th o lo g y  o f  k id n e y , n a m e ly  th e  
in f la m m a tio n  a n d  f ib ro s is  o f  re n a l tissu e . I f  th e  o b s tru c tio n  c o n tin u e s  an d  
re m a in s  u n s o lv e d , th is  c a u se s  ap o p to s is  o f  re n a l  t is s u e  an d , in  tu rn , c h ro n ic  
re n a l f a i lu re .155,156

B e s id e s  th e  in v e s tig a tio n  o f  ly m p h o c y te  in f i l tra t io n  an d  c a u se s  o f  
re n a l tu b u la r  a p o p to s is , th e re  are  n o  d a ta  s tu d y in g  o f  n u m b e r  o f  c irc u la tin g  
ly m p h o c y te s  u n d e r  U U O  co n d itio n . T h e re fo re , th e  p re s e n t  s tu d y  sh o w s  th e  
f irs t e v id e n c e  re g a rd  to  th is  n u m b e r as w e ll  a s  its  p e rc e n ta g e  o f  c e ll d e a th  
an d  a p o p to s is . In  p re s e n t  s tu d y , th e  n u m b e r  o f  c irc u la tin g  ly m p h o c y te  
se em e d  to  d e c lin e  a s  c o m p a re d  to  th e  c o n tro l  g ro u p  (n o  o p e ra tio n ). T h is  
m a y  e x p la in  b y  th e  fa c t th a t  th e  c irc u la tin g  ly m p h o c y te s  h a d  in f il tra te d  in to  
the  o b s tru c tiv e  a re a  d u r in g  u u o  c o n d itio n  (a  s ig n if ic a n t re d u c tio n  w a s  
o b se rv e d  o n  d a y  4 ). H o w e v e r , th e  lo w e r le v e ls  o f  th e  ce lls  d u r in g  u u o  
w e re  c o m p a ra b le  to  th o s e  o f  sh am  o p e ra tiv e  a n im a ls . A f te r  a n  o p e ra tio n , 
the  b o d y  s ta r ts  to  r e p a ir  th e  in c is io n .148' 150 D u r in g  h e a lin g  p ro c e ss , v a rio u s  
k in d s  o f  le u k o c y te  ta k e  c a re  o f  p h a g o c y to s is .148"150 T h is  w o u ld  re s u lt  in  a  
s lig h t re d u c tio n  o f  c ir c u la t in g  ly m p h o c y te  in  th e  sh a m  g ro u p s .
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Unilateral Ureteral Ostruction, Angiotensin System and Apoptosis

I t  h a s  b e e n  sh o w n  th a t  บ บ (ว  c a u se s  in c re a s e d  le v e ls  o f  an g io te n s in  II 
(A n g  II)  in  b o th  re n a l  t is s u e  an d  p la s m a .14' 16 T h is  is  a  m a jo r  m ec h a n ism  
th a t in d u c e s  re n a l tu b u la r  c e ll  a p o p to s is .174 In  o th e r  c e ll  ty p e s , A n g  II a lso  
c a u se s  a p o p to s is .176 F o r  e x a m p le , th e  in vitro s tu d y  o f  v e n tr ic u la r  
c a rd io m y o c y te s  sh o w e d  th a t  A n g  II in c re a s e d  a p o p to s is  o f  th e  c e l ls .173

T h e  m e c h a n ism s  b y  w h ic h  A n g  II in d u c e s  th is  c e ll a p o p to s is  are  an  
a c tiv a tio n  o f  c a s p a s e -3 176 a n d  o f  B a x  p ro te in  (a n  in d u c e r  o f  a p o p to s is ) .177,178 
M o re o v e r , A n g  II a lso  s tim u la te s  G -p ro te in  c o u p le d  re c e p to r  in  
c a rd io m y o c y te s .179 S u s ta in e d  o r  e x c e ss iv e  a c tiv a tio n  o f  e i th e r  G q -o r  G s- 
s ig n a lin g  p a th w a y s  (M A P  k in a s e )  re su lts  in  a p o p to s is  o f  c a rd io m y o c y te s  
b o th  in vitro an d  in v ivo}19 In  a d d itio n , u u o  in c re a s e s  p 5 3  p ro te in  (an  
in d u c e r  o f  B a x  tra n s c r ip tio n )  th a t  c o u ld  in d u c e  th e  lo c a l A n g  II p ro d u c tio n  
in  v e n tr ic u la r  m y o c y te s  a n d  th e n  tr ig g e r  a p o p to s is .180

T h e  re c e n t s tu d y  a lso  s h o w e d  th a t A n g  II m e d ia te s  a lv e o la r  ep ith e lia l 
ce ll a p o p to s is  v ia  a n g io te n s in  re c e p to r  su b ty p e  1 ( A T I ) .181 F u r th e rm o re , 
th e  in vitro s tu d y  o f  h u m a n  e n d o th e lia l  ce ll d e m o n s tra te d  th a t A n g  II 
in d u c e s  a p o p to s is  s ig n a lin g  v ia  M A P  k in a se  p h o s p h a ta s e -3  (M K P -3 )-  
d e p e n d e n t d e p h o s p h o ry la tio n  o f  E R K 1 /2 , w h ic h  in  tu rn  le a d s  to  th e  
d e g ra d a tio n  o f  B c l-2  (a n  a n tia p o p to tic  p ro te in ) .182 W h e n  th e  in h ib itio n  o f  
a n g io te n s in  sy s te m , e i th e r  b y  A T i re c e p to r  a n ta g o n is t  (A R A ) o r b y  
a n g io te n s in  c o n v e r t in g  e n z y m e  in h ib ito r  (A C E I) , w a s  p e rfo rm e d  th e  
a p o p to s is  o f  th e  ce lls  w a s  n o rm a l iz e d .177,178,180,183
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N o  su c h  e x p e r im e n ts  p e r fo rm e d  a n  in vitro s tu d y  o f  d ire c t e f fec ts  o f  
A n g  II o n  a p o p to s is  o f  iso la te d  c irc u la tin g  ly m p h o c y te s . B e s id e s  th a t, th e  
p re s e n t in vivo s tu d y  so u g h t to  in v e s tig a te  th e  in f lu e n c e  o f  a n  e n d o g e n o u s ly  
h ig h e r  A n g  II le v e l d u r in g  u u o  o n  c irc u la tin g  ly m p h o c y te  ap o p to s is . T h e 
d is c u s s io n  re la te d  to  th is  re g a rd  is  fo llo w e d .

Circulating Lymphocyte Apoptosis and Angiotensin System

T h e  re g u la tio n  o f  ly m p h o c y te  su rv iv a l is o f  fu n d a m e n ta l  im p o rtan ce  
to  th e  fu n c tio n in g  o f  th e  im m u n e  sy s te m  as a  w h o le .184 In  th e  p a s t  sev era l 
y e a rs , i t  h a s  b e c o m e  a p p a re n t th a t  th e  c o n tro l o f  a p o p to s is  o f  ly m p h o c y te s  
is a  c o m p le x  a n d  m u ltifa c e te d  p ro c e s s .184 T h ere  is an  e x p a n d in g  n u m b e r  o f  
ce ll s u rfa c e  s ig n a lin g  m o le c u le s , o n  b o th  B  a n d  T  c e lls , th a t  an  lig a n d  
b in d in g  c o u ld  a f fe c t th e  a p o p to tic  th re sh o ld . T h e se  re c e p to rs  s ig n a l th ro u g h  
m u ltip le  d is t in c t  an d  lik e ly  in te ra c tin g  in tra c e llu la r  p a th w a y s . T h is  
m u lt i la y e re d  w e b  in c lu d e s  th e  tu m o r  n e c ro s is  fa c to r  re c e p to r  (T N T R ) 
fa m ily .184 T h e  fa m ily  m e m b e rs  e x p re s s e d  on  ly m p h o c y te s  a re  T N F R i, 
T N E R 2 , F a s , C D 4 0 , C D 3 0 , C D 2 7 , a n d  4 -1 B B .185 F u r th e rm o re , a n o th e r  se t 
o f  ce ll su r fa c e  m o le c u le s , u n re la te d  to  th e  T N F R  fa m ily , w h o s e  ro le  in  T - 
ly m p h o c y te  a p o p to tic  re g u la tio n  is b e in g  in c re a s in g ly  re c o g n iz e d , co n s is ts  
o f  th e  C D 2 8  an d  C T L A 4  re c e p to r s .186

C la s s ic a lly , A n g  II is re c o g n iz e d  as  a  re la t iv e ly  p o te n t 
v a s o c o n s tr ic to r .13 It h a s  b e e n  d e m o n s tra te d  th a t A n g  II a lso  p la y s  a  ro le  as 
an  im m u n e  c o s tim u la to r .187 T h e  e x p re s s io n  o f  A T i re c e p to r  h a s  b e e n  fo u n d  
on  th e  su rfa c e  o f  ly m p h o c y te s  a n d  s p le e n o c y te s .187 M o re o v e r , ly m p h o c y te s  
(T -c e lls )  a lso  e x p re ss  a n g io te n s in  c o n v e r t in g  e n z y m e  th a t  is  th e  h ig h e s t 
lev e l, a p p ro x im a te d ly  28  t im e s  m o re  p e r  ce ll th a n  m o n o c y te s .188 N o
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activity o f the enzyme was detected in B lymphocytes. In addition, 
lymphocytes contain a protein kinase activity that catalyzes the 
phosphorylation o f both endogenous and exogenous substrates on tyrosine 
residues.189 Kinetic analyses indicate that angiotensin I could serve as a 
substrate for tyrosine protein kinase in T lymphocytes.189 Therefore, 
lymphocytes could be undergone apoptosis not only upon by Ang II ligand 
binding but also by increasing endogenous Ang II production.

In the present results, u u o  caused circulating lymphocyte apoptosis 
in both 1-day and 7-day duration. After blockage o f angiotensin system 
either with ACEI or with ARA, the lymphocyte apoptotic index 
significantly reduced to near their respective sham groups. This result 
agrees with the study by Deas, O. et al,190 that ACEI inhibits Fas-induced 
apoptosis in human activated T cell.191 However, the reduction of 
heightened apoptotic index occurred at 7-day period of u u o .  The one-day 
treatments showed no effects on cell apoptosis. This suggests that the 
process of decreased circulating lymphocyte apoptosis is a time-dependent 
inhibition o f angiotensin system. Therefore, u u o  induces circulating 
lymphocyte apoptosis by the mechanism mediated via angiotensin system.

Regards to percentage of cell death, the present data show that the 
ACEI treatment, but not ARA, could significantly attenuate these levels in 
both 1-day and 7-day u u o  animals. The exact mechanisms to explain this 
result remain to be investigated. However, many studies have proposed 
various supporting explanations190,192-198 Angiotensin converting enzyme 
inhibitor could increase antioxidant activity192'194, reduce 
metalloproteases,195,196 and inhibit Fas-induced apoptosis.190 Some o f these
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properties may relate to the presence of thio groups in ACEI structure and 
are independent o f its effect on the renin angiotensin system.197,198

All together, the results in the present study are the first evidence to 
show that, during u u o ,  the angiotensin system plays a pivotal role in 
circulating lymphocyte apoptosis. The longer time to block this system 
could attenuate the induction of apoptotic lymphocyte cells. This may 
result in an improvement of immune defense mechanism during u u o .

The proposed mechanisms that angiotensin II induces apoptosis of 
circulating lymphocyte are shown in Figure 24.
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Figure 24 The proposed mechanisms that angiotensin II induces 
apoptosis of circulating lymphocyte 

N ote:-----refers to cell membrane of lymphocyte
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