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ADESÃO D E  FA G Ó C ITO S M O N O N U C LEA R ES AO T E C ID O  C O N JU N TIV O  NA 
LEISH M A N IO SE: PAPEL D E  INTEGRINAS E  R E C P E T O R E S  D E
QUIM IOCINAS. N a th a n a e l  d e  F r e i t a s  P in h e i r o  J u n i o r .  P a r a s i to s  d o  g ê n e ro  
L e ish m a n ia  p o d e m  c a u s a r  le s õ e s  n a  p e le , m u c o s a s  o u  v ís c e ra s . O s 
m e c a n is m o s  q u e  re g u la m  o t ro p is m o  d o  p a r a s i to  n ã o  e s tã o  b e m  e sc la re c id o s , 
m a s  m o lé c u la s  n a  s u p e rf íc ie  d e  fa g ó c ito s  in fe c ta d o s  p o d e m  t e r  u m  p a p e l 
im p o r ta n te . N o sso  g ru p o  d e m o n s tr o u  a n te r io rm e n te  q u e  a  in fe c ç ã o  p o r  
L e ish m a n ia  r e d u z  a  a d e s ã o  d e  fag ó c ito s  m o n o n u c le a re s  a o  te c id o  c o n ju n tiv o  
in fla m a d o . U m a  vez  q u e  a  p e r d a  d e  a d e s ã o  a o  te c id o  c o n ju n tiv o  é  o p r im e iro  
p a s s o  p a r a  a  m ig ra ç ã o  c e lu la r , e s te  fe n ô m e n o  p o d e  e s t a r  r e la c io n a d o  co m  a  
h a b il id a d e  d e s ta s  c é lu la s  e m  d e ix a r  o te c id o  in f la m a d o  e m  d ire ç ã o  ao  
lin fo n o d o  d r e n a n te .  N e s ta  d is s e r ta ç ã o , n ó s  e x a m in a m o s  o p a p e l  d e  
m o lé c u la s  d e  a d e s ã o  e d e  r e c e p to re s  d e  q u im io c in a s  n a  p e r d a  d e  a d e s ã o  d e  
fag ó c ito s  m o n o n u c le a re s  a o  te c id o  c o n ju n tiv o  in f la m a d o . P a ra  is s o  n ó s  
e m p re g a m o s  a n á l is e s  d e  c i to m e tr ia  d e  flu x o  d e  m o lé c u la s  d e  a d e s ã o  em  
fag ó c ito s  in fe c ta d o s  c o m  L e ish m a n ia  m a r c a d a  c o m  f lu o ro c ro m o . A lém  d is so , 
re a liz a m o s  e n s a io s  d e  a d e s ã o  c e lu la r  e a n á l is e  d e  e x p re s s ã o  d e  RN A m  p a r a  
re c e p to re s  d e  q u im io c in a s  a t r a v é s  d e  R T-PC R  e m  te m p o  re a l . N ós 
o b se rv a m o s  q u e  a  p o rc e n ta g e m  d e  c é lu la s  in f e c ta d a s  ( r= -0 ,8 2 6 ; P = 0 ,0 0 3 ) e o 
n ú m e ro  d e  p a r a s i to s  p o r  c é lu la  in f e c ta d a  ( r= -0 ,9 1 7 ; P=0,028) se  
c o r re la c io n a ra m  n e g a t iv a m e n te  c o m  a  a d e s ã o  a o  te c id o  c o n ju n tiv o . A 
re d u ç ã o  n a  a d e s ã o  c e lu la r  in d u z id a  p e la  in fe cç ã o  p o r  L e ish m a n ia  (5 8 ,7  à  
75 ,0 % ; P = 0 ,0 0 5 ) o c o rre u  tã o  c ed o  q u a n to  d u a s  h o r a s  a p ó s  a  in fe cç ã o  e foi 
m a n t id a  p o r  p e lo  m e n o s  2 4  h o ra s .  A in fe c ç ã o  c o m  a p e n a s  0 ,6  p a r a s i to  p o r  
c é lu la  r e d u z iu  a  a d e s ã o  e m  2 7 ,9  a  4 4 ,6 %  (P < 0 ,001). O b lo q u e io  n a  a d e s ã o  
c e lu la r  foi m a n t id o  p e la  in fe c ç ã o  p o r  L e ish m a n ia , m a s  p e la  fa g o c ito se  d e  
p a ra s i to s  m o r to s  (a d e sã o  c e lu la r  v a r io u  d e  15 ,2%  a b a ix o  a  2 4 .0 %  a c im a  d o  
co n tro le ; P > 0 ,0 5 ). A in fe cç ã o  p o r  L e ish m a n ia  t a m b é m  r e d u z iu  a  a d e s ã o  
c e lu la r  a  f íb ro n e c tin a  (54 ,1  a  9 6 ,2 % , P < 0 ,0 1 ), c o lá g en o  (1 5 ,7  á  8 3 ,7 % , 
P<0,05) o u  la m in in a  (59 ,1  ã  8 2 ,2 % , P<0,05). N ão  h o u v e  m o d u la ç ã o  d a  
e x p re s s ã o  d e  VLA4, VLA5, LFA -1, M ac -1 , L -S e le c tin a , IC A M -2 OU  VCAM -1 
n a  su p e rf íc ie  d e  c é lu la s  in fe c ta d a s . E n t r e ta n to ,  a  p o p u la ç ã o  C D l l b '“  
a p re s e n ta v a  a l t a  ta x a  d e  in fe c ç ã o  (4 9 ,6  a  9 7 ,3 % ). A s u b s t i tu iç ã o  d e  Ca'^^ e 
Mg+2 p o r  M n +2 r e v e r te u  a  in ib iç ã o  c a u s a d a  p e la  L e ish m a n ia  (P<0,05) e  e s te  
fen ô m e n o  foi b lo q u e a d o  p o r  a n t ic o r p o s  an ti-V L A 4 (P < 0 ,0 0 0 1 ). A e x p re s s ã o  
d o s  r e c e p to re s  d e  q u im io c in a s  C C R 4 e  C C R 5 e s ta v a  d im in u íd a  16 h o r a s  
a p ó s  a  in fe c ç ã o  (2 ,8  a  4 ,1  v ezes  e 1 ,9  a  2 ,8  v ezes , re s p e c tiv a m e n te ) . E s te s  
d a d o s  s u g e re m  fo r te m e n te  q u e  m e c a n is m o s  q u e  r e g u la m  a  fu n ç ã o  d e  
in te g r in a s  e s tã o  im p lic a d o s  n a  r e d u ç ã o  d e  a d e s ã o  c e lu la r  n a  le ish m a n io s e . 
E s te  e fe ito  p o d e  s e r  d ev id o  ã  r e d u ç ã o  d o s  r e c e p to re s  d e  q u im io c in a s  
o b s e rv a d a  a q u i  o u  p o d e  a in d a  s e r  p a r te  d e  u m  efe ito  in ib itó r io  m a is  g e ra l  d a  
in fecção  d o s  fag ó c ito s  p o r  L eish m a n ia .
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M ONONUCLEAR PH A G O C Y TE-C O N N EC TIV E T IS S U E  A D H ESIO N  IN 
LEISHM ANIASIS: R O LE O F  pi-IN TEG R IN  AND C H EM O K IN E R E C E PT O R S. 
N a th a n a e l  d e  F r e i t a s  P in h e i r o  J u n i o r .  L e ish m a n ia  sp . a re  in t ra c e l lu la r  
p a ra s i te s  t h a t  m a y  c a u s e  le s io n s  in  th e  s k in , m u c o s a  a n d  v is c e ra . T he  
m e c h a n is m s  r e g u la t in g  th e  t ro p is m  o f th e  p a r a s i te  a r e  n o t  w ell u n d e r s to o d , 
b u t  m o le c u le s  o n  th e  s u r fa c e  o f th e  p a ra s i te - in f e c te d  p h a g o c y te s  m a y  p la y  a  
role. W e h a v e  p re v io u s ly  s h o w n  t h a t  L e ish m a n ia  in fe c tio n  r e d u c e s  
m o n o n u c le a r  p h a g o c y te  a d h e s io n  to  in f la m e d  c o n n e c tiv e  t is s u e .  A s d e ­
a d h e s io n  is  th e  f ir s t  s te p  to  ce ll m ig ra t io n , th i s  p h e n o m e n o n  m a y  b e  r e la te d  
to  th e  a b ility  o f  th e s e  c e lls  to  leav e  t i s s u e  a n d  m ig ra te  to  th e  d ra in in g  ly m p h  
n o d e . In  th i s  w o rk , w e e x a m in e d  th e  ro le  o f  a d h e s io n  m o le c u le s  a n d  
c h e m o k in e s  in  th e  lo s s  o f  a d h e s io n  o f  m o n o n u c le a r  p h a g o c y te s  to  th e  
in f la m ed  c o n n e c tiv e  t i s s u e .  To d o  so , w e  e m p lo y e d  flow  c y to m e try  a n a ly s is  o f 
a d h e s io n  m o le c u le s  in  f lu o re s c e n t ly - s ta in e d  L e ish m a n ia -in fe c te d  p h a g o c y te s , 
to g e th e r  w ith  ce ll a d h e s io n  a s s a y s  a n d  re a l- t im e  R T -PC R  for c h e m o k in e  
r e c e p to rs  k n o w n  to  b e  p r e s e n t  o n  m o n o n u c le a r  p h a g o c y te s . W e fo u n d  t h a t  
in fec tio n  r a te  ( r= -0 .8 2 6 , P = 0 .0 0 3 ) a n d  p a r a s i t e  b u r d e n  ( r= -0 .9 1 7 , P = 0 .028 ) 
n eg a tiv e ly  c o r r e la te d  to  m o u s e  p h a g o c y te  a d h e s io n . T h e  d e c re a s e  in  
p h ag o cy te  a d h e s io n  to  c o n n e c tiv e  t i s s u e ,  in d u c e d  b y  L e ish m a n ia  (5 8 .7  to  
75 .0 %  in h ib it io n , P = 0 .0 0 5 ), o c c u r re d  a s  e a r ly  a s  2 h  a f te r  in fe c tio n  a n d  w a s  
m a in ta in e d  in  a  p la t e a u  fo r a t  l e a s t  2 4 h . T h e  in fe c tio n  w ith  0 .6  L e ish m a n ia  
p e r  cell r e d u c e d  p h a g o c y te  a d h e s io n  in  2 7 .9  to  4 4 .6 %  (P < 0 .001 ). Im p a irm e n t  
in  cell a d h e s io n  w a s  s u s ta in e d  b y  p h a g o c y te  in fe c tio n  b u t  n o t  a f te r  
p h a g o c y to s is  o f k ille d  p a r a s i t e s  (cell a d h e s io n  v a r ie d  fro m  15 .2%  b e lo w  to  
24 .0%  a b o v e  th e  c o n tro l  lev e ls , P > 0 .0 5 ). L e ish m a n ia  in fe c tio n  a lso  
d im in ish e d  ce ll a d h e s io n  to  f ib ro n e c tin  (54 .1  to  9 6 .2 % , P < 0 .01 ), c o llag e n  
(15 .7  to  8 3 .7 % , P < 0 .05 ) a n d  la m in in  (59 .1  to  8 2 .2 % , P < 0 .05 ). T h e re  w a s  n o  
m o d u la tio n  o f VLA4, VLA5, LFA -1, M ac -1 , L -se le c tin , ICAM -2 o r  VCAM -1 
su rfa c e  e x p re s s io n  o n  th e  in fe c te d  ce lls . H ow ever, th e  C D l l b ^  s u b ­
p o p u la tio n  w a s  h ig h ly  in fe c te d  (4 9 .6  to  9 7 .3 % ). R e p la c e m e n t  o f  C a +2 a n d  
Mg+2 b y  M n +2 r e v e r te d  th e  in h ib it io n  c a u s e d  b y  L e ish m a n ia  (P>0.05) a n d  th i s  
rev e rs io n  w a s  b lo c k e d  b y  an ti-V L A 4 a n t ib o d ie s  (P < 0 .0 0 0 1 ). E x p re s s io n  o f  
CCR4 a n d  C C R 5 m R N A  w a s  d o w n re g u la te d  1 6 h  a f te r  in fe c tio n  (2 .8  to  4 .1  
t im e s  a n d  1.9  to  2 .8  t im e s , re sp e c tiv e ly ) . T h e se  d a ta  s u g g e s t  t h a t  
m e c h a n is m s  re g u la t in g  in te g r in  fu n c t io n  a re  im p lic a te d  in  th e  c h a n g e  o f  
m a c ro p h a g e  a d h e s io n  in  le is h m a n ia s is .  T h is  m a y  b e  d u e  to  th e  
d o w n re g u la tio n  o f c h e m o k in e  r e c e p to r s  o b s e rv e d  o r  m a y  b e  p a r t  o f a  m a jo r  
in h ib ito ry  e ffec t o f L e ish m a n ia  in fe c tio n  o n  th e  p h a g o c y te s .

A B S T R A C T
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F ig u re  2 .  E fT ec t o f  i n f e c t i o n  t i m e  o n  t h e  a d h e s io n  o f  m o u s e
m o n o n u c le a r  p h a g o c y te s  t o  t h e  c o n n e c t i v e  t i s s u e ------------------6 0

F ig u re  3 . E f f e c t  o f  t h e  i n f e c t i o n  w i t h  d i f f e r e n t  L e is h m a n ia - to -
p h a g o c y te  r a t i o s  i n  c e l l  a d h e s i o n  t o  c o n n e c t i v e  t i s s u e ,
tw o  (A) o r  2 4  h o u r s  (B) a f t e r  i n f e c t i o n ----------------------------------------61

F ig u re  4 . E f f e c t  o f  L e i s h m a n ia  i n f e c t i o n  i n  t h e  a d h e s io n  o f  m o u s e  
m o n o n u c le a r  p h a g o c y te s  t o  p u r i f i e d  e x t r a - c e l l u l a r  m a t r i x
c o m p o n e n t s ------------------------------------------------------------------------------------ 61

F ig u re  5 . C e ll  s u r f a c e  e x p r e s s i o n  o f  a d h e s io n  m o le c u l e s  o n  m o u s e  
p e r i t o n e a l  e x u d a t e  c e l l s ,  tw o  (A) o r  2 4  h o u r s  (B) a f t e r
i n f e c t io n  w i th  L e i s h m a n i a , --------------------------------------------------------- 6 2

F ig u re  6 . C e ll s u r f a c e  e x p r e s s i o n  o f  a d h e s io n  m o le c u l e s  a n d
in f e c t io n  r a t e  i n  s u b - p o p u la t i o n s  o f  m o u s e  p e r i t o n e a l
e x u d a t e  c e l l s  2 4  h o u r s  a f t e r  c u l t u r e ------------------------------------------ 6 2

F ig u re  7 . E f f e c t  o f  m a n g a n e s e  i o n s  o n  t h e  L e i s h m a n ia - in fe c t e d
p h a g o c y te  a d h e s io n  t o  f i b r o n e c t i n ---------------------------------------------6 3

F ig u re  8 . C h e m o k in e  r e c e p t o r  m R N A  e x p r e s s i o n  b y  P E C , tw o  (A) o r
s i x t e e n  h o u r s  (B) a f t e r  i n c u b a t i o n  w i th  L. a m a z o n e n s i s ---------6 4

L IST A  D B  F IG U RAS



LISTA  D E  A B R EV IA T U R A S  E  S IG LAS

A PC  C é lu la s  a p r e s e n ta d o r a s  d e  a n tíg e n o  (do in g lé s  a n tig e n  p r e s e n t in g  cells) 
A M P A d e n o s in a  m o n o fo s fa to  
C C L s Q u im io c in a s  d o  tip o  b e ta  
C C R s R e c e p to re s  d e  q u im io c in a s  d o  t ip o  b e ta  
CD  N o m e n c la tu ra  s is te m a t iz a d a  d e  m o lé c u la s  (do in g lê s  c lu s te r  

differen tia tion)
C X sC L s Q u im io c in a  c o n te n d o  3 a m in o á c id o s  e n t r e  d o is  r e s íd u o s -c h a v e  d e  

c is te ín a
DNA Á cido  d e so x ir r ib o n u c lé ic o  (do in g lê s  d e o x yr ib o n u c le ic  acid)
D T H  H ip e rs e n s ib i l id a d e  t a r d ia  (do in g lê s  d e la y e d  ty p e  h y p e rse n s itiv ity )  
E PA C  P ro te in a  d e  t ro c a  d ir e ta m e n te  a t iv a d a  p o r  AM P c íc lico  (do in g lê s  

e x c h a n g e  p ro te in  d irec tly  a c tiv a te d  b y  cyc lic  AMPf 
G T P  G u a n o s in a  tr i fo s fa to
ICAM  M o lé c u la s  d a  s u p e r fa m íl ia  d a s  im u n o g lo b u lin a s  (do in g lê s  in te rce llu la r  

a d h e s io n  m olecu les)
IL  I n te r le u c in a
JA M s M o lé c u la s  p r é s e n ta s  n a s  ju n ç õ e s  e n d o te l ia is  (do in g lê s  J u n c tio n a l 

a d h e s io n  m olecules)
LCD L e is h m a n io s e  c u tâ n e a  d if u s a  
LCL L e is h m a n io s e  c u t â n e a  lo c a liz a d a  
LCM  L e is h m a n io s e  c u tê n e o - m u c o s a
LFA -1 A n tig e n o  a s s o c ia d o  a  fu n ç ã o  d e  le u c ó c ito s  (do in g le s  le u k o c y te  fu n c tio n  

a s s o c ia te d  antigen)
LV L e is h m a n io s e  v is c e ra l
M D R  T r a n s p o r ta d o r  d e  m e m b r a n a  (do in g lê s  m u lti-d ru g  re s is ta n ce )
M H C  C o m p lex o  m a io r  d e  h is to c o m p a tib i l id a d e  (do in g lê s  m a jo r  

h is to co m p a tib ility  compZex)
PECA M  P la te le t  e n d o th e l ia l  c e ll a d h e s io n  m o le c u le  
P I3 K  F o s fa tid il- in o s ito l-3 -O H  c in a s e  
PK C  P ro te in a  c in a s e  C
R a p -1  P e q u e n a  G T P ase  (do in g lê s  reg u la to r  fo r  cell a d h e s io n  a n d  p o la r iza tio n  

type-1)
R A PL  G T P ase  l ig a d o ra  d e  R a p - 1
R A S R e c e p to r  d e  fa to re s  d e  c re s c im e n to  (do in g lê s  r a t  sarcom a)
R H O A  M em b ro  “A” d a  fam ilia  d e  g e n e s  h o m ó lo g o s  à  RAS (do in g lê s  R A S  

h o m o lo g u e  g e n e  fa m ily , m e m b e r  A)
R T -P C R  R e v e rs e - t ra n s c r ip t io n -P o ly m e ra s e  c h a in  r e a c t io n  
T C R  R e c e p to r  d e  c é lu la s  T  (do in g lê s  T -ce ll receptor)
T G F -p  F a to r  d e  c re s c im e n to  tu m o ra l  t ip o  b e ta  (do in g lê s  tu m o r  g r o w th  factor)  
T N F -a  F a to r  d e  n e c ro s e  tu m o ra l  a lfa  (do in g lê s  tu m o r  n e c ro s is  fa c to r)
VCAM  M o lé c u la s  d a  s u p e r fa m ília  d a s  im u n o g lo b u l in a s  (do in g lê s  v a sc u la r  cell 

a d h e s io n  m olecule)
VLAs In te g r in a s  le u c o c i tá r ia s  (do in g lê s  v e ry  la te  a c tiva tio n  an tigen )
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1.1 A LEISH M A N IO SE

1 .1 .1  Q u a d ro  c l i n ic o ,  e p id e m io lo g ia  e  t r a t a m e n t o

A le is h m a n io s e  é u m  c o m p le x o  d e  d o e n ç a s  c a u s a d a s  p o r  p ro to z o á r io s  
f la g e la d o s  d o  g ê n e ro  L eishm a n ia . E s t im a -s e  q u e  e x is ta m  c e rc a  d e  v in te  
e sp é c ie s  d ife re n te s  d e  L e ish m a n ia  p a to g ê n ic a s  p a r a  o h o m e m  e m a is  d e  
t r i n t a  e sp é c ie s  d e  f le b o to m ín e o s  v e to re s  (GRIMALDI e t  a l ,  1989). O cic lo  d a  
d o e n ç a  é in ic ia d o  q u a n d o  fê m e a s  d e  f le b o to m ín e o s  in g e re m  fo rm a s  
a m a s t ig o ta s  d e  L e ish m a n ia  d u r a n te  o r e p a s to  s a n g u ín e o  e m  u m  h o s p e d e iro  
in fe c ta d o . E s te s  p a r a s i t a s  d ife re n c ia m -se  e m  fo rm a s  p ro m a s t ig o ta s  
m e ta c íc l ic a s  n o  t r a to  d ig e s tiv o  do  v e to r , e  s ã o  r e g u rg i ta d a s  
in t ra d e rm ic a m e n te  n o  lo c a l d a  p ic a d a  d u r a n te  n o v o  r e p a s to  (BITTEN COURT 
86 BARRAL-NETTO, 1995).

O s p a r a s i to s  e n t r a m  e m  fa g ó c ito s  d o  h o s p e d e iro  e se  m u lt ip l ic a m  n o  in te r io r  
d e  c é lu la s  p e rm is s iv a s . E m  to d a s  a s  fo rm a s  d a  d o e n ç a , fag ó c ito s  
m o n o n u c le a re s  s ã o  e n c o n t r a d o s  e m  lin fo n o d o s  q u e  d r e n a m  o s ítio  d e  
in o c u la ç ã o  p a r a s i t á r ia  e  a  g ê n e s e  d a s  le s õ e s  e s t á  in t im a m e n te  a s s o c ia d a  à  
p re s e n ç a  d e  m a c ró fa g o s , e m  m a io r  o u  m e n o r  q u a n t id a d e ,  a lb e rg a n d o  fo rm a s  
a m a s tig o ta s  do  p a ra s i to  (BITTEN COURT &. BA RRAL-NETTO, 1995).

P ode  s e r  d iv id id a  c l in ic a m e n te  e m  q u a tr o  g r a n d e s  fo rm a s : a  le is h m a n io s e  
c u tâ n e a  lo c a liz a d a  (LCL), a  le is h m a n io s e  c u tá n e o - m u c o s a  (LCM), 
le ish m a n io s e  c u tâ n e a  d i f u s a  (LCD) e a  le is h m a n io s e  v isc e ra l  (LV) 
(BITTENCOURT 86 BARRAL-NETTO, 1995). A LCL a p r e s e n ta - s e  m a is  
c o m u m e n te  com o  u m a  ú lc e r a  so li tá r ia , d e  b o rd o s  e le v a d o s  e fu n d o  
g ra n u lo s o  e ú m id o  e m  á r e a s  e x p o s ta s  (face e  m e m b ro s ) . G e ra lm e n te  s ã o  
a u to l im i ta d a s  e r e s p o n d e m  b e m  a o  t r a ta m e n to .  A s le s õ e s  u lc e ro s a s  n a s  
m u c o s a s  d a  b o c a , n a r iz  e fa r in g e  d a  fo rm a  c u tâ n e o - m u c o s a  (LCM) c a u s a m  
e x te n s a  le sã o  te c id u a l, f r e q ü e n te m e n te  d e s f ig u ra n te . A LCD c u r s a  c o m

1 INTRODUÇÃO
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le sõ e s  n o d u la re s  e u s u a lm e n te  n ã o  u lc e ra d a s .  A LV a c o m e te  ó rg ã o s  com o 
fígado , b a ç o  e m e d u la  ó s s e a , le v a n d o  a  u m  q u a d r o  feb ril c o m  h e p a to ­
e sp le n o m e g a lia  m a c iç a  e a n e m ia  p ro fu n d a , p o r  v e ze s  a s s o c ia d a  a  le u c o p e n ia . 
Ê  u m a  p a to lo g ia  g rav e  e u s u a lm e n te  fa ta l  se  n ã o  t r a t a d a .  O u tr a s  fo rm a s  
m e n o s  c o m u n s  d e  le is h m a n io s e  in c lu e m  a  le is h m a n io s e  d é rm ic a  p ó s- 
c a la z a r , a  le ish m a n io s e  v is c e ro tró p ic a , a  le is h m a n io s e  re c id iv a n te , e a  
d is s e m in a d a  (BITTENCOURT õs BARRAL-NETTO, 1995).

E s tim a -s e  q u e  e s t a s  d o e n ç a s  a c o m e ta m , a n u a lm e n te ,  e n tr e  1 ,5  e 2 m ilh õ e s  
d e  p e s s o a s  e m  8 8  p a ís e s  (W HO, 2 0 0 2 ). D e s te s , 7 2  s ã o  p a ís e s  em  
d e se n v o lv im e n to , in c lu in d o  o s  13 m a is  p o b re s  do  m u n d o  (W HO, 2 0 0 2 ), o q u e  
to r n a  o s  c u s to s  d e s s a  d o e n ç a  e s p e c ia lm e n te  p ro b le m á tic o s . O B ra s il  é o 
ú n ic o  q u e  in te g ra  a s  l i s ta s  d o s  p a ís e s  q u e  c o n c e n tr a m  m a is  d e  9 0 %  d o s  
c a s o s  d e  le ish m a n io s e  c u tâ n e a  e  v is c e ra l, c o m  c e rc a  d e  4 0  m il c a s o s  n o v o s 
de  le is h m a n io s e  c u tâ n e a  e p e lo  m e n o s  s e is  m il c a s o s  n o v o s  d e  LV 
a n u a lm e n te  (m a is  d e  8 0 %  n o  N o rd es te )  (W HO, 2 0 0 2 ; D E S JE U X , 2 0 0 4 ).

A p e sa r  d o  s u rg im e n to  d e  r e s is tê n c ia  e m  a lg u m a s  á r e a s  (JA CK SO N  e t a l ,  
1990; G R O G L e t a l ,  199 2 ), a tu a lm e n te  a  m a io r  p a r t e  d o s  c a s o s  d e  
le ish m a n io s e  é t r a ta d o  c o m  G lu c a n tim e  e te r a p ia  d e  s u p o r te  (HERW ALDT, 
1999; BERM AN, 2 0 0 5 ). D ro g a s  a l te r n a t iv a s ,  t a i s  c o m o  a  a n fo te r ic in a  B e, 
m a is  re c e n te m e n te , a  m ilte fo s in a  (p r im e ira  a l t e r n a t iv a  p a r a  u s o  v ia  oral) 
(SUNDAR e t  a l ,  2 0 0 2 ; SC H R A N E R  e t a l ,  2 0 0 5 ) ta m b é m  tê m  s id o  u ti l iz a d a s , 
e sp e c ia lm e n te  n a  fa lê n c ia  d o  re g im e  co m  a n t im o n ia l  (BERM AN, 2 0 0 5 ). E s ta s  
d ro g a s  s ã o  tó x ic a s , c a r a s  e ex ig em  a c o m p a n h a m e n to  e s t r i to  d o s  p a c ie n te s , o 
q u e  a u m e n ta  c o n s id e ra v e lm e n te  o s  g a s to s  c o m  e s s a  d o e n ç a  (HERW ALDT, 
1999 ; D E S JE U X , 2 0 0 4 ; BERM AN, 2 0 0 5 ).

1 .1 .2  D e te r m i n a n t e s  d a s  f o r m a s  c l í n i c a s

A s d ife re n te s  fo rm a s  d e  le is h m a n io s e  e s tã o  in t im a m e n te  a s s o c ia d a s  a  g ru p o s  
d e  e s p é c ie s  d e  L eishm a n ia  (GRIMALDI e t a l ,  1 9 8 9 ; CO LM EN A RES e t a l ,
2 0 0 2 ). A p e sa r  d is so , e s p é c ie s  c a u s a d o r a s  d e  fo rm a s  t e g u m e n ta r e s  tê m  s id o
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is o la d a s  d e  p a c ie n te s  c o m  a c o m e tim e n to  v is c e ra l  (BARRAL e t a l ,  1991), 
a s s im  co m o  e s p é c ie s  m a is  c o m u m e n te  c a u s a d o r a s  d e  LV p o d e m  s e r  is o la d a s  
de  p a c ie n te s  co m  a c o m e tim e n to  te g u m e n ta r  (NOYES e t a l ,  19 9 7 ; BELLI e t 
a l ,  19 9 9 ; C A M PO S-PO N C E e t  a l ,  2 0 0 5 ). O s  d e te r m in a n te s  d e  p a d rõ e s  tão  
d ife re n te s  d e  d o e n ç a  s ã o  a p e n a s  p a rc ia lm e n te  c o n h e c id o s  e p a re c e m  
e n v o lv e r f a to re s  d o  p a tó g e n o  (GRADONI &, GRAM ICCIA, 19 9 4 ; LEM O S D E 
SOUZA e t a l ,  2 0 0 0 ) e d o  h o sp e d e iro . D ife re n te s  c a r a c te r ís t ic a s  do 
h o s p e d e iro  p o d e m  in f lu e n c ia r  t a n to  a  s u a  s u s c e p tib i l id a d e  q u a n to  a  fo rm a  
d e  a p r e s e n ta ç ã o  c lín ic a  d a  le is h m a n io s e . D e n tre  e s te s ,  o s ta tu s  im u n o ló g ico  
(C ER F e t a l ,  19 8 7 ; GRADONI GRAM ICCIA, 1994 ), a  id a d e  (BITTENCOURT 
Ô5 BARRAL-NEHTO, 1995) e  a le lo s  d e  g e n e s  l ig a d o s  a o  s is te m a  im u n e  
(BARBIER e t a l ,  19 8 7 ; CA BRERA  e t a l ,  1995) tê m  s id o  e s tu d a d o s  .

E s tu d o s  d a  in fe c ç ã o  e x p e r im e n ta l  d e  c a m u n d o n g o s  c o m  L. m ajor  (SADICK e t  
a l ,  1986) o u  L. a m a zo n e n s is  (BARRAL-NETTO e t  a l ,  1 9 8 7 a) le v a ra m  a  
m u i to s  a v a n ç o s  n a  c o m p re e n s ã o  d a  im u n o p a to g ê n e s e  d a  le ish m a n io s e . 
N e s te s  m o d e lo s , a  in fe cç ã o  d e  d ife re n te s  l in h a g e n s  iso g ê n ic a s  d e  
c a m u n d o n g o s  r e p ro d u z  p a rc ia lm e n te  a lg u m a s  fo rm a s  c lín ic a s  d a  
le ish m a n io s e  h u m a n a  (BARRAL-NEHTO e t a l ,  1 9 8 7 b ),

C a m u n d o n g o s  d a  l in h a g e m  B A L B /c  d e se n v o lv e m  u m a  le s ã o  p ro g re s s iv a  q u e  
evo lu i in e x o ra v e lm e n te  c o m  d is s e m in a ç ã o  d o  p a r a s i to  p a r a  v ís c e ra s  e m o r te  
d o  a n im a l  c o m  a n e m ia , h e p a to -e s p le n o m e g a l ia  e  lin fo p e n ia . A in fe cçã o  co m  
L eish m a n ia  n e s te  m o d e lo  m im e tiz a  a lg u n s  a s p e c to s  d a  fo rm a  d if u s a  d a  
le ish m a n io s e  h u m a n a  (BARRAL-NETTO e t a l ,  1 9 8 7 a ; BARRAL-NETTO e t a l ,  
1987b) e  ta m b é m  d a  fo rm a  v isc e ra l. C om o  d e m o n s tr a d o  ta m b é m  e m  
h u m a n o s  (CASTES e t a l ,  1 9 8 3 ; CARVALHO e t a l ,  1 9 8 5 a ), e s te s  a n im a is  
a p r e s e n ta m  r e s p o s ta  im u n e  c e lu la r  e sp e c íf ic a  a n ti-L e ish m a n ia  s u p r im id a  
(pólo h ipoérg ico ) (MULLER e t a l ,  1989).

Q u a n d o  a n im a is  d a  l in h a g e m  C 5 7 B L /6  s ã o  in fe c ta d o s , d e se n v o lv e m  u m a  
le sã o  lo c a liz a d a  q u e  a tin g e  s e u  á p ic e  e m  to rn o  d a  te r c e i ra  s e m a n a  a p ó s  a  
in fe cç ão  e re so lv e -se  e m  to rn o  d a  o ita v a  s e m a n a  (SADICK e t  a l ,  1986 ;
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B A R R A L -N E nrO  e t a l ,  1 9 8 7 a). A re s o lu ç ã o  d a  le s ã o  lev a  à  r e s is tê n c ia  c o n tra  
re - in fe c ç õ es  p o r  L eish m a n ia  (BARRAL-NETTO e t a l ,  1 9 8 7 b ). E s te s  a n im a is  
d e se n v o lv e m  u m a  r e s p o s ta  c e lu la r  e sp e c íf ic a  i n te n s a  c o m  a l t a  p ro d u ç ã o  de 
IFN-y (SADICK e t a l ,  1986). E s ta s  le s õ e s  m im e tiz a m  a  LCL o u  LCM 
(BARRAL-NETTO e t a l ,  1 9 8 7 a ; BARRAL-NETTO e t a l ,  1 9 8 7 b ).

A d e fin iç ã o  d e  p o p u la ç õ e s  d e  c é lu la s  T  C D 4+  q u e  s e c r e ta m  u m  c o n ju n to  
d ife re n te  d e  c ito c in a s  a p ó s  e s t ím u lo  foi e s ta b e le c id a  e m  1 9 8 6  (MOSMANN e t  
a l ,  1986). E m  1 9 8 9 , H e in ze l e c o la b o ra d o re s  a s s o c ia r a m  o p e rfil de  
su s c e p tib i l id a d e  d e  c a m u n d o n g o s  B A L B /c  a  L. m ajor  a  u m a  r e s p o s ta  tip o  
T h 2 , a s s o c ia d a  a  a l to s  n ív e is  d e  IL-4 e  IL-1 e b a ix o s  n ív e is  d e  IFN-y, 
e n q u a n to  c a m u n d o n g o s  C 5 7 B L / 6  d e se n v o lv ia m  u m a  r e s p o s ta  
p re d o m in a n te m e n te  T h l ,  c o m  a u m e n to  n a  e x p re s s ã o  d e  IFN -y, IL-2 e b a ix a  
e x p re s s ã o  d e  IL -4 , d u r a n te  a  in fe cç ã o  (H EIN ZEL e t a l ,  1989).

E m  c o n c o rd â n c ia  c o m  e s te s  a c h a d o s ,  p a c ie n te s  c o m  LV a tiv a  a p re s e n ta v a m  
n ív e is  d e  IFN -y e IL-2 m u ito  b a ix o s  (CARVALHO e t a l ,  1 9 8 5 a), e n q u a n to  n a  
fa se  d e  r e c u p e r a ç ã o  d a  d o e n ç a  a p r e s e n ta m  DTH + c o n t r a  a n tíg e n o s  do  
p a ra s i to  (R EED  e t a l ,  1986). N a s  fo rm a s  d e  LCM e LCL, h á  u s u a lm e n te  
r e s p o s ta  l in fo p ro life ra tiv a  (e sp e c ia lm e n te  n a  LCM) e a b u n d a n te  p ro d u ç ã o  d e  
IFN-y e m  r e s p o s ta  a  e s t ím u lo  a n tig ê n ic o  (CARVALHO e t  a l ,  1 9 85b ). A lém  
d isso , a  DTH é n e g a tiv a  n o s  m o m e n to s  in ic ia is  d a  in fe c ç ã o  e m  c a s o s  d e  LCL, 
to rn a n d o - s e  p o s it iv a  d e n tro  d e  d o is  a  t r ê s  m e s e s  a p ó s  a  in fe cçã o  
(BITTENCOURT 85 BARRAL-NETTO, 1995).

A lém  d is so , a c h a d o s  h is to p a to ló g ic o s  e m  le s õ e s  p re c o c e s  d e  LCL (FREITAS, 
c o m u n ic a ç ã o  p e sso a l)  o u  le s õ e s  m a is  t a r d ia s  d e  LCL e LCM (V ER ESS 85 EL  
HASSAN, 1986) su g e re m  q u e  a  v a s c u li te  s e c u n d á r i a  a o  fe n ó m e n o  d e  
h ip e r s e n s ib i l id a d e  n ã o  só  e s t á  p re s e n te ,  co m o  p o d e  s e r  r e s p o n s á v e l  p e la  
u lc e ra ç ã o  d a s  le sõ e s  te g u m e n ta r e s  n e s t a s  fo rm a s .

O d e s t in o  d a  in fe cç ã o  e o d ire c io n a m e n to  d a  r e s p o s ta  im u n e  a d a p ta t iv a  
p o d e , e m  g ra n d e  p a r te ,  d e p e n d e r  d a  m a n e ir a  q u e  a  r e s p o s ta  im u n e  in a ta  do



14

h o sp e d e iro  l id a  c o m  o p a tó g e n o  d u r a n te  m o m e n to s  p re c o c e s  d a  in te ra ç ã o  
p a r a s i to /h o s p e d e ir o  (KAYE e t a l ,  19 9 4 ; SAHA e t a l ,  1 9 9 5 ; SHANKAR ôs 
TITUS, 19 9 7 ; MOLL, 2 0 0 0 ). O tip o  d e  c é lu la  q u e  c a r r e ia  e a p r e s e n ta  
a n tíg e n o s  p o d e m  s e r  d e te r m in a n te s  d a  fo rm a  e in te n s id a d e  d a  r e s p o s ta  
im u n e  a d a p ta t iv a  (MOLL, 2 0 0 0 ; M ALDON ADO -LOPEZ M O SE R , 2 0 0 1 ).

D u ra n te  o s  p r im e iro s  m o m e n to s  d a  in fe cç ã o  p o r  L eishm a n ia , c é lu la s  
fag o c ític a s  m o n o n u c le a re s  s ã o  in fe c ta d a s  (BARRAL-NETTO e t a l ,  1 9 87b ; 
MOLL e t a l ,  1 9 9 5 ; D E  ALM EIDA e t  a l ,  2 0 0 3 b ). E m b o ra  n ã o  t e n h a  sid o  
fo rm a lm e n te  d e m o n s tr a d o , a s  fo rm a s  a m a s t ig o ta s  in t r a c e lu la r e s  d e v e m  s e r  
c a r r e a d a s  p o r  fag ó c ito s  m o n o n u c le a re s  e, p o r ta n to , d e p e n d e m  d a s  m o lé c u la s  
de  a d e s ã o  e r e c e p to re s  d e  q u im io - a t r a e n te s  n a  su p e rf íc ie  d e s s a s  c é lu la s  p a r a  
o s e u  e n d e re ç a m e n to  (GALVAO e t a l ,  1993 ; B ITTEN CO U RT & BARRAL- 
NETTO, 1995). O d e s t in o  e a  id e n t id a d e  d a s  c é lu la s  q u e  a lb e rg a m  o 
m ic ro o rg a n ism o  n o  s ítio  d e  in o c u la ç ã o  n ã o  e s tã o  c o m p le ta m e n te  
e s ta b e le c id o s  (MOLL e t a l ,  19 9 3 ; RANDOLPH e t  a l ,  1 9 9 9 ; M URAILLE e t a l ,
2003). A lém  d is so , o tip o  c e lu la r  r e s p o n s á v e l  p e la  e s t im u la ç ã o  e ficaz  d a  
r e s p o s ta  im u n e  d o  h o s p e d e iro  n a  le is h m a n io s e  ta m b é m  te m  s id o  m o tiv o  d e  
c o n tro v é rs ia  n a  l i t e r a tu r a  (MOLL e t a l ,  1995 ; SAHA e t a l ,  1 9 9 5 ; SHANKAR 
85 TITUS, 1997 ; RITTER e t  a l ,  2 0 0 4 ).

A v a c in a ç ã o  c o m  c é lu la s  d e n d r i t ic a s  p u ls a d a s  co m  a n tíg e n o  d e  L eish m a n ia  
major, m a s  n ã o  c o m  m a c ró fa g o s , c o n fe re  r e s is tê n c ia  e m  u m  m o d e lo  d e  
s u sc e p tib il id a d e  ã  le is h m a n io s e  (VON STEB U T e t a l ,  2 0 0 0 ). O u tro s  e s tu d o s  
tê m  a in d a  m o s tra d o  q u e  a  a p r e s e n ta ç ã o  d e  a n tíg e n o  p o r  s u b t ip o s  d e  c é lu la s  
d e n d r it ic a s  (C D llb +  C D 8 a+) é s u f ic ie n te  p a r a  o c o n tro le  d a  in fe cçã o . A 
r e s p o s ta  im u n e  a d a p ta t iv a  p o d e  s e r  a in d a  m a is  e ficaz  n o  c o n tro le  p a ra s i tá r io  
e m  a n im a is  o n d e  s o m e n te  e s t a s  c é lu la s  e x p re s s a m  M H C-II d o  q u e  e m  s e u s  
p a re s  se lv a g e n s  (LEM OS e t  a l ,  2 0 0 4 ).
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A m ig ra ç ã o  le u c o c i tá r ia  r e p r e s e n ta  u m  p a p e l  c ru c ia l  p a r a  o fu n c io n a m e n to  
a d e q u a d o  d o  s is te m a  im u n o ló g ico  a o  p o s s ib il i ta r  q u e  c é lu la s  T  e c é lu la s  
a p r e s e n ta d o r a s  d e  a n tíg e n o  (APCs) e n c o n tre m -s e , a lé m  d e  p e rm it ir  q u e  os 
d iv e rso s  te c id o s  s e ja m  c o n s ta n te m e n te  “v ig ia d o s” p o r  e s s a s  c é lu la s  (PAUL, 
1999).

1 .2 .1  C i r c u la ç ã o  l in f o c i t á r i a

N e s te  p ro c e s s o , lin fó c ito s  T  v irg e n s  e n t r a m  e m  lin fo n o d o s  a tr a v é s  d a s  
v é n u la s  d e  e n d o té lio  a lto . No lin fo n o d o , e s te s  lin fó c ito s  e n t r a r ã o  e m  c o n ta to  
co m  d iv e r s a s  A PC s c a r r e a n d o  m ú l t ip la s  c o m b in a ç õ e s  M H C :p ep tíd e o . C aso  
n ã o  o c o rra  re c o n h e c im e n to  e sp ec íf ico  e n t r e  o re c e p to r  d e  c é lu la s  T  (TCR) e o 
c o m p lex o  M H C :p ep tíd eo  c o r r e s p o n d e n te ,  e s t a  c é lu la  s a i r á  do  lin fo n o d o  
a tr a v é s  d o  lin fá tic o  e fe re n te , c h e g a n d o  ã  c o r r e n te  s a n g u ín e a  pe lo  d u e to  
to rá c ic o  e c o n t in u a r á  a  c i r c u la r  e n tr e  o s  c o m p a r t im e n to s  lin fá tic o  e 
s a n g u ín e o .

E m  u m  c e n á r io  d ife re n te , e s te  lin fó c ito  r e c o n h e c e  n a  s u p e rf íc ie  d e  u m a  
c é lu la  a p r e s e n ta d o r a  d e  a n tíg e n o , u m  c o m p le x o  M H C :p ep tíd eo  c o m  a fín id a d e  
pe lo  s e u  T C R  e so fre  m u d a n ç a s  n o  p e rfíl d e  e x p re s s ã o  d e  m o lé c u la s  d e  
a d e s ã o  e r e c e p to re s  d e  q u im io c in a s . E s s a s  m u d a n ç a s  a l te r a m  o p a d rã o  d e  
m ig ra ç ã o  d e s ta  c é lu la , q u e  a g o ra  g a n h a  c a p a c id a d e  d e  m ig ra r  c o m  m a io r  
e fíc iê n c ia  p a r a  te c id o s  p e rifé r ic o s  n ã o  lin fó id e s  (CAHILL e t  a l ,  19 7 7 ; JU N G  e t  
a l ,  1988).

A lém  d is s o , s ít io s  o n d e  p ro c e s s o s  in f la m a tó r io s  e s tã o  e m  a n d a m e n to  s ã o  
s in a liz a d o s  a tr a v é s  d o  a u m e n to  d a  e x p re s s ã o  d e  m o lé c u la s  d a  s u p e r fa m ília  
d a s  im u n o g lo b u lin a s  n a  su p e rf íc ie  e n d o te lia l  d o  le ito  v a s c u la r  e q u im io ­
a t r a e n te s  ( re c ru ta m e n to  c e lu la r) . E s ta s  a l te r a ç õ e s  a u m e n ta m  a  m ig ra ç ã o  
l in fo c itá r ia  p a r a  e s te s  lo c a is  a t r a v é s  d a  p a re d e  v a s c u la r  p o r  u m  p ro c e sso

1.2 M IGRAÇÃO LEUCOCITÃRIA
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c h a m a d o  d e  d ia p e d e s e , ta m b é m  d e p e n d e n te  d e  m o lé c u la s  d e  a d e s ã o  (JU N G  
e t a l ,  19 8 8 ; PAUL, 1999).

1 .2 .2  M ig ra ç ã o  d e  c é lu la s  m ie ló id e s

A p e sa r  d o  p ro c e s s o  d e  m ig ra ç ã o  l in fo c itá r ia  s e r  b e m  c o n h e c id o , m u ito  p o u co  
se  c o n h e c e  s o b re  o p a d rã o  d e  m ig ra ç ã o  d e  c é lu la s  m ie ló id e s . S e  o e n c o n tro  
e n tr e  o s  lin fó c ito s  e  a s  A PC s (em  s u a  m a io r ia  d e  o rig e m  m ieló ide) o c o rre  n o s  
ó rg ã o s  lin fó id es  s e c u n d á r io s ,  é n e c e s s á r io  q u e  e s t a s  c é lu la s  ta m b é m  te n h a m  
c a p a c id a d e  d e  m ig ra r  p a r a  e s te s  te c id o s , e s p e c ia lm e n te  a p ó s  a  a q u is iç ã o  de  
a n tíg e n o s  n a  p e rife r ia . O p rim e iro  t ip o  c e lu la r  id e n tif ic a d o  c a p a z  d e  re a liz a r  
e s s a  ta r e f a  e f ic ie n te m e n te  é a  c é lu la  d e  L a n g e rh a n s , o p ro tó tip o  d e  c é lu la  
d e n d r í t ic a  p re s e n te  n a  e p id e rm e  (MACATONIA e t a l ,  198 7 ). M ais  ta rd e , 
c é lu la s  d e n d r i t ic a s  r e s id e n te s  fo ra m  id e n t if ic a d a s  e c a r a c te r iz a d a s  n a  d e rm e  
e e m  o u tr o s  te c id o s  (A N JU ER E e t  a l ,  1999). A té o p re s e n te  m o m e n to , a  
o n to g e n ia  d e s s a s  c é lu la s  n ã o  e s t á  c o m p le ta m e n te  e s c la r e c id a  e h á  
c o n tro v é rs ia s  a c e r c a  d a  e x is tê n c ia  d e  u m  p r e c u r s o r  c o m u m  e n tr e  m o n ó c ito s  
c ir c u la n te s , c é lu la s  d e n d r i t ic a s  e  m a c ró fa g o s  r e s id e n te s  e in f la m a tó r io s  
(D'AMICO e t a l ,  19 9 8 ; RANDOLPH e t  a l ,  1999 ; TRAVER e t  a l ,  2 0 0 0 ; 
MAKALA e t a l ,  2 0 0 2 ; IM H O F Ô6 AU RRA N D -LIO N S, 2 0 0 4 ).

D u ra n te  m u ito  te m p o  a c re d i to u - s e  q u e  a s  c é lu la s  d e  L a n g e r h a n s  e ra m  a s  
re s p o n s á v e is  p e lo  t r a n s p o r te  e  a p r e s e n ta ç ã o  d e  a n tíg e n o s  p e rifé r ic o s  a  
lin fó c ito s  T, e n q u a n to  m o n ó c ito s  p ro v e n ie n te s  d a  m e d u la  ó s s e a , q u e  
in f iltra m  te c id o s  d u r a n te  o p ro c e s s o  in f la m a tó r io , te rm in a v a m  a  s u a  j o r n a d a  
e m  te c id o s  p e rifé r ic o s  (COTRAN e t a l ,  1999 ). P o r o u tro  la d o , a  q u a n t id a d e  d e  
c é lu la s  a p o p tó t ic a s  o b s e rv a d a  n o s  te c id o s  in f i l tra d o s  n ã o  p a re c ia  
c o r re s p o n d e r  ao  n ú m e ro  d e  c é lu la s  q u e  in v a d ia m  o s  te c id o s  e , a o  f in a l do  
p ro c e s so  in f la m a tó rio , o n ú m e ro  d e  c é lu la s  m o n o c ít ic a s  te c id u a is  r e s id e n te s  
n ã o  a u m e n ta  (MULLER 8s RA NDOLPH, 1999). D iv e rso s  e s tu d o s  s u g e r ia m  
q u e  e s t a s  c é lu la s  m ig ra m  p a r a  o lin fo n o d o  d r e n a n te  d u r a n te  a  fa se  d e  
re so lu ç ã o  d a  in f la m a ç ã o  (HARM SEN e t  a l ,  19 8 5 ; R O SEN  85 G O R D O N , 1990 ; 
BELLINGAN e t a l ,  1996)
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T o d a s  e s s a s  q u e s tõ e s  c u lm in a ra m  c o m  e s tu d o s  q u e  d e m o n s tr a r a m  q u e  a s  
p o p u la ç õ e s  m o n o c ít ic a s  m ie ló id e s  s ã o  h e te ro g ê n e a s  ta n to  e m  re s p e ito  a  s u a  
o rig em  q u a n to  a  s e u  d e s t in o  fm a l (CAVANAGH & VON ANDRIAN, 2 0 0 2 ; 
SU N D ER K O TTER  e t a l ,  2 0 0 4 ).

A m a io r  p a r te  d a s  c é lu la s  m ie ló id e s  c i r c u la n te s  é  c o n s t i tu íd a  p o r  n e u tró f ilo s  
m a d u ro s ,  q u e  c o m e ç a m  a  m ig ra r  p a r a  s ít io s  in f la m a tó r io s  d e n tr o  d e  m in u to s  
a  h o ra s . E s ta s  c é lu la s  n ã o  s ã o  c a p a z e s  d e  m ig ra r  a lé m  d o  te c id o  in f la m a d o  e 
e n c o n t r a m  o s e u  fim  d u r a n te  o e x e rc íc io  d e  s u a s  fu n ç õ e s  p r im o rd ia is  com o 
p ro ta g o n is ta s  d a  im u n id a d e  in a ta ,  a in d a  n o  lo c a l d e  in f la m a ç ã o . P o r  o u tro  
lad o , m o n ó c ito s  c i r c u la n te s  in ic ia m  a  m ig ra ç ã o  p a r a  s í t io s  d e  in f la m a ç ã o  
h o r a s  a p ó s  o in íc io  d o  p ro c e s s o  in f la m a tó r io  e c o n t in u a m  a  in f i l t r a r  e s te s  
te c id o s  p o r  u m  p e río d o  m a is  long o , s e n d o  o t ip o  c e lu la r  p re d o m in a n te  a p ó s  
q u a r e n ta  e  o ito  h o r a s  d o  in íc io  do  p ro c e s s o  (COTRAN e t a l ,  1999).

O q u e  o c o rre  c o m  e s s a s  c é lu la s  a p ó s  a  d ia p e d e s e  te m  s id o  m o tiv o  d e  d iv e rso s  
e s tu d o s  r e c e n te s  (RANDOLPH e t a l ,  1 9 9 9 ; BARRATT-BOYES e t a l ,  2 0 0 0 ; 
PAILLOT e t a l ,  2 0 0 1 ). E x is tem , p e lo  m e n o s , d o is  s u b t ip o s  d e  m o n ó c ito s  
c ir c u la n te s :  o s  c h a m a d o s  m o n ó c ito s  in f la m a tó r io s  (CD 14+ CCR2™  CCRS^®) e 
o s  m o n ó c ito s  CD  16+ CCRS^i (W EB ER  e t a l ,  2 0 0 0 ; IM H O F & AURRAND- 
LIONS, 2 0 0 4 ). O s  m o n ó c ito s  in f la m a tó r io s  s ã o  r e c r u ta d o s  p a r a  o s  te c id o s  
d u r a n te  u m  p ro c e s s o  d e  a g re s s ã o  d e  u m a  m a n e ir a  d e p e n d e n te  d e  CCL2 
(GERSZTEN e t a l ,  1999), e n q u a n to  o s  m o n ó c ito s  CD  16+ p a re c e m  c o n s t i tu i r  
a  s u b p o p u ía ç ã o  c e lu la r  q u e  m a n té m  o p o o l d e  m o n ó c ito s  r e s id e n te s  n o s  
te c id o s  n ã o  lin fó id e s  p e rifé ric o s  e m ig ra m  p a r a  e s te s  so b  in f lu ê n c ia  d e  
CX3C L I e CCL3 (ANCUTA e t a l ,  2 0 0 3 ;  ANCUTA e t a l ,  2 0 0 4 ).

O p a ra d ig m a  d a  m ig ra ç ã o  u n id ire c io n a l  d e  c é lu la s  m ie ló id e s  (d a  m e d u la  
ó s s e a  p a r a  o s a n g u e  e d e s te  p a r a  o te c id o  p erifé rico ) foi fo rm a lm e n te  
q u e b ra d o  p e la  o b se rv a ç ã o  d e  q u e  c é lu la s  o r ig in a d a s  d e  m o n ó c ito s  
c ir c u la n te s  (que  d ife r ia m  d a s  c é lu la s  d e  L a n g e rh a n s )  p o d e m  s e r  e n c o n t r a d a s  
e m  lin fo n o d o s  q u e  d re n a m  s ít io s  in f la m a tó r io s  (RANDOLPH e t a l ,  1999).
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E s s a s  e  o u t r a s  o b s e rv a ç õ e s  (a  m a io r ia  d e la s  in  vitro) (D 'AM ICO e t  a l ,  1998 ; 
RANDOLPH e t  al., 1 9 9 8 a ; BA RRATT-BOY ES e t  a l ,  2 0 0 0 ;  MAKALA e t al., 
2 0 0 1 a ;  MAKALA e t  a l ,  2 0 0 1 b ;  PAILLOT e t  a l ,  2 0 0 1 ; CAVANAGH & VON 
ANDRIAN, 2 0 0 2 ; MAKALA e t  a l ,  2 0 0 2 ;  KOYA e t  a l ,  2 0 0 3 )  le v a ra m  a  u m  no v o  
m o d e lo  e m  q u e  m o n ó c ito s  in f la m a tó r io s  c i r c u la n te s  s ã o  a t r a íd o s  p a r a  u m  
te c id o  in f la m a d o  e  p o d e m  s e g u ir  p o r  d u a s  v ia s :  d ife re n c ia r - s e  e m  m a c ró fa g o  
o u  e m  c é lu la  d e n d r í t ic a  (fig u ra  1 ).

Figura 1. Origem e destino  de m onócitos do sangue periférico. Provenientes de 
precursores mielóides na  medula óssea, os monócitos circulam por um  a  dois dias antes de 
migrarem para um  tecido periférico através da parede de vénulas. No interstício, estas 
células encontram componentes da matriz conjuntiva (especialmente proteoglicanos, 
colágenos e fíbronectina), para os quais apresentam  receptores em sua  superfície. Neste 
momento os monócitos podem diferenciar-se em macrófagos ou células dendriticas. Os 
macrófagos podem tom ar-se rálu las residentes (destino predominante no estado de 
equilíbrio) ou morrer por apoptose (especialmente em situações inflamatórias). As células 
dendriticas adquirem antígeno através de fagocitose ou macropónocitose e migram para os 
linfonodos através dos vasos ünfáticos que drenam a  região.
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A s c é lu la s  d e n d r i t ic a s  a d q u ire m  c a p a c id a d e  m ig ra tó r ia  e  c h e g a m  ao  seio  
s u b - c a p s u la r  d o  lin fo n o d o  d r e n a n te  a t r a v é s  d o s  v a s o s  l in fá t ic o s  a fe re n te s  
(fig u ra  1) (CAVANAGH 85 VON ANDRIAN, 2 0 0 2 ; IM H O F & AURRAND-LIONS,
2 0 0 4 ). D e s ta  m a n e ir a ,  e s te  tip o  c e lu la r  r e p r e s e n ta  a  p r in c ip a l  p o n te  e n tr e  a  
im u n id a d e  i n a ta  e a  a d a p ta t iv a  (MOLL, 2 0 0 3 ). E m  a lg u n s  m o d e lo s , e s ta  
ú l t im a  v ia  p o d e  r e p r e s e n ta r  a té  5 0 %  d o s  m o n ó c ito s  q u e  e x t r a v a s a m  p a r a  o 
tec id o  d u r a n te  o p ro c e s s o  in f la m a tó r io  (BELLINGAN e t a l ,  1 9 9 6 ; BELLINGAN 
e t a l ,  2002).

1 .2 .3  M ig ra ç ã o  a t r a v é s  d a  b a r r e i r a  d o  e n d o t é l i o  v e n u l a r

A m ig ra ç ã o  p a r a  o s  te c id o s  r e q u e r  a  t r a n s p o s iç ã o  d a  b a r r e i r a  e n d o te lia l . O 
fe n ô m e n o  d e  p a s s a g e m  d e  le u c ó c ito s  a t r a v é s  d e s ta  b a r r e i r a  é f in a m e n te  
re g u la d o  e m e d ia d o  p o r  m o lé c u la s  n a  su p e rf íc ie  c e lu la r  c o m o  s e le c t in a s , 
in te g r in a s , m o lé c u la s  d a  s u p e r fa m ília  d a s  im u n o g lo b u lin a s , r e c e p to re s  de  
q u im io c in a s  e d e  o u tr o s  fa to re s  q u im io - a t r a e n te s  (CARLOS 85 HARLAN, 
1994 ; BAGGIOLINI, 1998).

M o n ó c ito s  in f la m a tó r io s  e x p re s s a m  L -se le c tin a  (C D 62L), LFA-1 
( C D lla /C D 1 8 ) ,  M ac-1  ( C D l lb /C D 1 8 )  e VLA4 (C D 4 9 d /C D 2 9 ), a lé m  d e  
PE C A M -1 (CD31) e  m o lé c u la s  g lic o s i la d a s  c o n te n d o  d e r iv a d o s  d o  ác id o  
s iá lico  (CARLOS 85 HARLAN, 19 9 4 ; IM H O F 8s AU RRAN D-LIONS, 2 0 0 4 ). No 
p ro c e s so  d e  m ig ra ç ã o  p o d e m  s e r  d e s ta c a d o s ,  p a r a  f ín s  d id á t ic o s , t r é s  
e s tá g io s : (1) a  ro la g e m  le u c o c itá r ia ;  (2) a  a d e s ã o  fo r te  e (3) a  d ia p e d e s e  (figu ra  
2) (COTRAN e t a l ,  1999).

O p ro c e sso  d e  ro la g e m  é m e d ia d o  p r in c ip a lm e n te  p e la  in te r a ç ã o  e n tr e  
s e le c t in a s  e m o lé c u la s  a l ta m e n te  g lic o s i la d a s  s e m e lh a n te s  a o  á c id o  s iá lico  
q u e  e s tã o  ta n to  n a  su p e rf ic ie  e n d o te lia l  q u a n to  le u c o c itá r ia . E s s a s  m o lé c u la s  
sã o  g ra n d e s  e e s te n d e m -s e  p a r a  o lu z  d o  v a so , fa c il ita n d o  o c o n ta to  co m  a  
c é lu la  t r a n s e u n te  (CARLOS 8& HARLAN, 1 9 9 4 ; H O G G  e t  a l ,  2 0 0 3 ). N este  
m o m e n to , o le u c ó c ito  e n t r a  e m  c o n ta to  c o m  q u im io tá t ic o s  p re s o s  ã  su p e rfíc ie  
e n d o te lia l  p o r  m o lé c u la s  d a  fam ília  d a s  s in d e c a n a s ,  q u e  im o b iliz a m  a s
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q u im io c in a s  e  m a n tê m  d isp o n ív e l o  s ítio  d e  lig a ção  d e s ta s  a o  s e u  re c e p to r  
(TANAKA e t  a l ,  1993).

H Receptor de quimiocina

Selectina

^ Integrina em baixa afinidade

Integrina ativada

Superfamília das Imunoglobulinas ^  Carboídrato lígador de selectinas
PQuimiocina ligada a  Sindecana PECAM-1

Figura 2 . M oléculas envolvidas nos d iferen tes e s t í^ o s  da m u ta ç ã o  celular do sangue 
para o tecido . O monócito circulante reconhece na parede endotelial moléculas da família 
das selectinas (especialmente P- e E-Selectina). O contato de ^ c o c o n ju g ^ o s  complexos na 
membrana leucocitária com as longas selectinas endoteliais acarreta um a diminuição da 
velocidade do leucócito e sua  aproximação ao endotëlio (estágio 1; rolagem). Neste momento 
quimiocinas presas a  ^icoproteinas da família das sdndecanas interagem com receptores na 
superficie do leucócito e desencadeiam a  ativação de integrinas. Estas iihimfiR respondem 
pela adesão forte entre o monócito e a  célula endotelial (estágio 2), além de estar 
na  sinalização para formação do com(dexo de polaridade. A célula ^ o r a  está  pronta para 
m e i^ lh a r  nas junções entre células endoteliais (estágio 3; diapedese), ricas em PECAM-1 
(CD31), CD99 e moléculas da família das JAMs. Essas moléculas têm diferentes papéis na 
mieracão através do endotélio e da n^m bo^na basal dos vasos.

A in te ra ç ã o  e n tr e  q u im io tá t ic o  e  s e u  r e c e p to r  n a  su p e rf íc ie  le u c o c i tá r ia  
d e s e n c a d e ia  c a s c a t a s  in t r a c e lu la r e s  q u e  in c lu e m  v ia s  d e p e n d e n te s  d e  
p e q u e n a s  G T P a se s  d a  fa m ília  d e  R a p l  e  v ia s  d e  fo s fa tid il- in o s ito l-3 -O H  
c in a s e  (PI3K). E s s a s  v ia s  cu lm in a r ã o  c o m  m o d if ic a ç õ e s  d a  fu n ç ã o  d a s
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in te g r in a s  j á  p r e s e n te s  n a  m e m b r a n a  (H O G G  e t  al., 2 0 0 2 ; LAUDANNA e t  al., 
2 0 0 2 ). P o r s u a  vez, a s  in te g r in a s  s ã o  m o lé c u la s  q u e  s e  e s te n d e m  p o u c o  a lé m  
d a  m e m b r a n a  c e lu la r  e , p o r ta n to  p re c is a m  d e  m a io r  p ro x im id a d e  e n t r e  a s  
c é lu la s  p a r a  e n g a ja r  s e u s  c o n tr a - r e c e p to re s  (CARLOS &  HARLAN, 1994).

1 .2 .4  R e g u la ç ã o  d e  i n t e g r i n a s

O a u m e n to  n a  c a p a c id a d e  d e  a d e s ã o  c e lu la r  d e p e n d e n te  d e  in te g r in a s  p o d e  
s e r  r e s u l ta d o  d o  a u m e n to  d o  n ú m e ro  d e  m o lé c u la s  n a  su p e rf íc ie  o u  d e  
m o d ific a ç õ e s  d a  s u a  e s t r u t u r a  e  lo c a liz a ç ã o  (f ig u ra  3) (H O G G  e t  al., 2 0 0 2 ;  
TAKAGI 86 SPR IN G E R , 2 0 0 2 ).

Figura 3. M ecanismos de regulação da adesão m ediada por in tegrinas. O aumento da 
adesão mediada por integrinas pode ser conseqüência direta do aum ento do número de 
moléculas n a  superfície celular, resultado do aum ento da sua  afinidade pelo ligante (através 
de modificação da sua conformação tridimensional) ou do recrutamento de integrinas para focos de acúmulo molecular homônimo. E^tas m o léu las  sofrem alterações conformacionais 
indtizidas pela ligação a  diferentes cátions divalentes; A maior parte das integrinas 
encontra-se em estado de baixa afinidade quando ligadas ao Ca.*̂  em comparação àquelas ligadas a  Mg*2 qu a  Mn* .̂

E m  d iv e rso s  s is te m a s , e s t ím u lo s  q u e  a u m e n ta m  a  a d e s ã o  d e  c é lu la s  o  faze m  
a tr a v é s  d a  m u d a n ç a  d a  f u n ç ã o  d e  m o lé c u la s  j á  p r e s e n te s  n a  su p e rf íc ie  
c e lu la r  s e m  u m  a u m e n to  a p re c iá v e l  n a  e x p re s s ã o  d e s s a s  m o lé c u la s  
(KAKAZU e t  a l ,  1 9 9 5 ; CARR e t  a l ,  1 9 9 6 ; LLOYD e t  a l ,  1 9 9 6 ; W E B E R  e t  a l ,  
1 9 9 6 a). O  p ro tó tip o  d e s te  t ip o  d e  e s t ím u lo  é  a  s in a liz a ç ã o  a t r a v é s  d e  
re c e p to re s  d e  q u im io c in a s  (fig u ra  4 ;  in s id e -o u t signaling) (LAUDANNA e t  a l .
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2 0 0 2 ). A lig a ç ã o  c o m  o u tr o s  f a to re s  q u im io tá t ic o s  (W EB ER  e t  a l ,  1 9 96b ), 
c i to c in a s  (BAUVOIS e t  a l ,  19 9 6 ), m o lé c u la s  c o -e s t im u la tó r ia s  (SHIM IZU e t  
a l ,  1992) e  a  lig a çã o  d o  T C R  a o  c o m p le x o  M H C :p ep tíd e o  c o r r e s p o n d e n te  
(CHAN e t a l ,  1991) s ã o  o u tr o s  e v e n to s  c a p a z e s  d e  d e s e n c a d e a r  c a s c a ta s  
in t r a - c e lu la re s  q u e  c u lm in a m  c o m  a u m e n to  n a  a f in id a d e  d a s  in te g r in a s  n a  
su p e rf íc ie  c e lu la r . A lém  d is s o , a  l ig a ç ã o  d e  in te g r in a s  a  s e u s  c o n tr a -  
re c e p to re s  (CAM PANERO e t  a l ,  1 9 9 4 ; MAY e t  a l ,  2 0 0 0 ) e  a  d ife re n te s  c á t io n s  
(DRANSFIELD & H O G G , 1989) p o d e  d e s e n c a d e a r  a l te r a ç õ e s  n a  a f in id a d e  e 
n a  m o b ilid a d e  la te r a l  d e  in te g r in a s  a t r a v é s  d e  m o d ific a ç ã o  d i r e ta  d a  
e s t r u t u r a  m o le c u la r  {ou tside-in  s ig n a l in g  (TAKAGI & SPR IN G E R , 2 0 0 2 ;  
W E B E R , 2 0 0 3 ).

Integrina em baixa

Integrina em alta afiniriade

Receptor de quimiocina associado a proteína G triméríca com hgante acoplado
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Figura 4. Vias intracelu lares de regulação da função de integrinas. Após a  ligação a uma 
quimiocina, as proteínas G associadas aos receptores de quimiocinas desencadeiam 
diversas vias de sinalização intracelulares. A ativação de adenilato ciclases leva a  ativação 
de EPAC. Esta por sua vez ativa Rapl que agora se liga a RAPL e se acopla à porção 
intracelular da cadeia alfa. A talina também sofre ativação e se liga à  cauda intracelular da 
cadeia beta. Por último ocorre a ativação de RHOA que se associa a  talina e ao complexo 
Rapl/RAPL e completa o cenário para a m udança da conformação dobrada de baixa 
afinidade da integrina para um a conformação esticada de alta afinidade. Paralelamente 
ocorre a  ativação de cinases de fosfatidil-inositol-3-OH. Essas cinases ativam cisteíno- 
proteína cinases atípicas (zeta) que são responsáveis pelo aumento na mobilidade lateral 
dessas moléculas e sua reunião em micro ou macro-aglomerados na membrana.

T em  s id o  d e m o n s tr a d o  q u e  a  s in a liz a ç ã o  p a r a  r e g u la ç ã o  d a  a f in id a d e  d e  
LFA-1 n a  s u p e rf íc ie  c e lu la r  p o r  q u im io c in a s  é d e p e n d e n te  d a  p e q u e n a  
G T P ase  R a p l  (KATAGIRI e t a l ,  2 0 0 0 ;  SHIM ONAKA e t a l ,  2 0 0 3 ), em  
a s s o c ia ç ã o  co m  RAPL e t a l in a  (KATAGIRI e t  a l ,  2 0 0 3 ). A lém  d is so , a  
s in a liz a ç ã o  p o r  r e c e p to re s  d e  q u im io c in a s  d e s e n c a d e ia  ta m b é m  u m a  c a s c a ta  
in t r a c e lu la r  d e p e n d e n te  d e  P I3K  q u e  r e s p o n d e  p o r  a u m e n to  n a  m o b ilid a d e  
la te ra l ,  a g re g a ç ã o  d e  m o lé c u la s  e m  p o n to s  e sp e c ia liz a d o s  d a  m e m b r a n a  e 
p e la  fo rm a ç ã o  do  co m p le x o  d e  p o la r id a d e , c ru c ia l  p a r a  o r ie n ta ç ã o  c e lu la r  n o  
s e n tid o  d e  re a liz a r  a  d ia p e d e s e  (fig u ra  4) (IM H O F 85 A U RRAN D-LIONS, 2 0 0 4 ; 
SANCHEZ-M ARTIN e t  a l ,  2 0 0 4 ).

1 .2 .5  M ig ra ç ã o  d o  t e c id o  in f la m a d o  a o  l in f o n o d o

O p ro c e s s o  d e  m ig ra ç ã o  c e lu la r  do  te c id o  in f la m a d o  p a r a  o l in fo n o d o  r e q u e r  
a  p a s s a g e m  d o  le u c ó c ito  a t r a v é s  d a  p a re d e  d o s  l in fá t ic o s  n o  s e n t id o  b a so -  
lu m in a l  (figu ra  5) (RANDOLPH 85 FU R IE , 1 9 9 6 ; RA NDOLPH, 2 0 0 1 ). A s 
m o lé c u la s  en v o lv id a s  n e s te  m o v im e n to  n ã o  s ã o  a s  m e s m a s  e n v o lv id a s  n a  
m ig ra ç ã o  do  s a n g u e  p a r a  o te c id o  (RANDOLPH 85 FU R IE , 19 9 6 ; M ULLER Sn 
RANDOLPH, 1999). T em  s id o  d e m o n s tr a d o  q u e  o  f a to r  te c id u a l  (RANDOLPH 
e t a l ,  1998c) e a  g lic o p ro te ín a -p  (RANDOLPH e t  a l ,  1 9 98b ) p a r t ic ip a m  d e s te  
p ro c e s s o .

A p e s a r  d e  n ã o  d e p e n d e re m  d e  in te g r in a s  p a r a  a t r a v e s s a r  o e n d o té lio  
lin fá tic o , é p o ss ív e l q u e  s e ja  n e c e s s á r ia  u m a  p e r d a  d e  a d e s ã o  a  c o m p o n e n te s  
d a  m a tr iz  c e lu la r  m e d ia d a  p o r  in te g r in a s  p a r a  q u e  o c o r ra  a  m ig ra ç ã o  d e  u m
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s ítio  in f la m a tó r io  p a r a  o  lin fo n o d o  d r e n a n te  (IM H O F 86 AURRAND-LIONS, 
2 0 0 4 ; RANDOLPH e t  a l ,  2 0 0 5 ).

E n tr e ta n to ,  e m  im i  m o d e lo  d e  in d u ç ã o  d e  e x s u d a ç â o  p e r i to n e a l  in d u z id a  p o r  
tio g lico la to , a  m ig ra ç ã o  d e  c é lu la s  p a r a  o  l in fo n o d o  é  d e p e n d e n te  d a  a d e s ã o  
d e s ta s  a o  e p ité lio  p e r i to n e a l  a t r a v é s  d e  in te g r in a s  c o n te n d o  c a d e ia s  b e ta - 1  

(CD29) (BELLINGAN e t  a l ,  1 9 9 6 ; BELLINGAN e t  a l ,  2 0 0 2 ). E m  u m  o u tro  
s is te m a , o n d e  fo lh e to s  e p id é rm ic o s  s ã o  c o lo c a d o s  e m  c u l tu r a ,  d e m o n s tr o u - s e  
q u e  in te g r in a s  c o n te n d o  c a d e ia s  o e  s ã o  e s s e n c ia is  p a r a  q u e  c é lu la s  d e  
L a n g e rh a n s  a t r a v e s s e m  a  m e m b r a n a  b a s a l  d a  e p id e rm e  e  m ig re m  a tr a v é s  
d o s  l in fã tic o s  (PR IC E e t  a l ,  1997).
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5. Migração de células dendriticas do tecido ao vaso linfático. Após a 
diferenciação a partir de monócitos, células dendriticas sofrem modificações que incluem: 
(1) expressão de receptor de fator tecidual (FT; expreso na  superfície basal do endotélio 
linfático); (2) expressão de glicoproteína-p (MDR-1); (3) moderada capacidade fagocítica e (4) 
expressão de CCR7. A produção de CCL19 e CCL21 (ligantes de CCR?) pelo endotélio 
linfático atrai as células dendriticas para a sua proximidade. E stas alterações são cruciais 
para permitir a  migração deste tipo celular do tecido para o linfonodo drenante através dos 
vasos linfáticos. Nestes vasos estas células são encontradas como “células veladas” (do 
inglês veiled cells).

A lém  d is so , a  e x p re s s ã o  d e  r e c e p to re s  d e  q u im io c in a s  a s s o c ia d o s  a  c é lu la s  
lin fó id es  c o m o  o C C R 7 p o r  p re c u r s o r e s  d e  c é lu la s  d e n d r i t ic a s  (SOZZANI e t  
a l ,  19 9 8 ; SAEKI e t a l ,  1999), b e m  co m o  a  e x p re s s ã o  d e  s e u  l ig a n te  CCL21 
(PRICE e t a l ,  1997) e  C C L 19 p o r  c é lu la s  d o s  v a s o s  l in fá tic o s , ta m b é m  
d e s e m p e n h a m  p a p e l  f u n d a m e n ta l  (SALLUSTO 85 LANZAVECCHIA, 2 0 0 0 ). 
O u tro s  r e c e p to re s  c o m o  o C C R 8  ta m b é m  té m  s id o  im p lic a d o s  n a  m ig ra ç ã o  
d e  c é lu la s  d e n d r i t ic a s  d e r iv a d a s  d e  m o n ó c ito s  d o  s ít io  in f la m a tó r io  p a r a  o 
lin fo n o d o  d r e n a n te  (QU e t a l ,  2 0 0 4 ), m a s  o s  m e c a n is m o s  d e s s e  fe n ô m e n o  a  
s u a  im p o r tâ n c ia  b io ló g ic a  n ã o  e s tã o  d e fin id o s .

1 .2 .6  D e t e r m i n a n t e s  d a  d i f e r e n c i a ç ã o  d e  m o n ó c i t o s

A p e sa r  d o s  a v a n ç o s , d iv e r s a s  q u e s tõ e s  p e rm a n e c e m  a b e r ta s .  O s  fa to re s  q u e  
in f lu e n c ia m  a  d ife re n c ia ç ã o  d e  m o n ó c ito s  e m  m a c ró fa g o s  o u  e m  c é lu la s  
d e n d r i t ic a s  s ã o  p o u c o  c o n h e c id o s . D e fa to , n ã o  e s t á  c la ro  se  o s  m o n ó c ito s  
c ir c u la n te s  j á  e s tã o  c o m p ro m e tid o s  c o m  a  l in h a g e m  d e n d r í t ic a  o u  
m a c ro fá g ic a  a n te s  m e sm o  d e  e x t r a v a s a r  p a r a  o te c id o  (INABA e t a l ,  1992 ; 
RANDOLPH e t a l ,  2 0 0 2 ) o u  s e  e s s a  d e c is ã o  o c o rre  m a is  t a r d e  (TRAVER e t  
a l ,  2 0 0 0 ; LEON e t a l ,  2 0 0 4 ), d e  m a n e ir a  e s to c á s t i c a  o u  d ire c io n a d a .

R a n d o lp h  e c o la b o ra d o re s  (1998) d e m o n s t r a r a m  q u e  m o n ó c ito s  p o d e m  
d ife re n c ia r - s e  e m  c é lu la s  d e n d r i t ic a s  e m  u m  m o d e lo  d e  t r a n s m ig ra ç ã o  
r e v e rs a  in  vitro (p a s s a g e m  d o  le u c ó c ito  a t r a v é s  d e  u m a  m o n o c a m a d a  
e n d o te lia l  n o  s e n tid o  b a so - lu m in a l) . N e sse  m o d e lo , o c o n ta to  co m  e s t ím u lo s  
in f la m a tó r io s  s u b -e n d o te l ia is  n ã o  m u d a  a  f r e q ü ê n c ia  d a  d ife re n c ia ç ã o  d e  
m o n ó c ito s  e m  m a c ró fa g o s  o u  c é lu la s  d e n d r i t ic a s .  N e s te  m e sm o  m o d e lo ,
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e n tr e ta n to ,  o e s tá g io  d e  m a tu ra ç ã o  d a s  C D s e m  c o n ta to  co m  
l ip o p o lis s a c a r íd e o  b a c te r ia n o  (LPS) o u  IL-1 é c o m p a tív e l c o m  c é lu la s  
p le n a m e n te  m a d u r a s  (CD 14- C D 8 6 H> MHC-II^» CD83+), e n q u a n to  a s  q u e  
e n t r a m  e m  c o n ta to  a p e n a s  c o m  o e n d o té lio  e a  m a tr iz  e x tr a - c e lu la r  s u b -  
e n d o te lia l  a p r e s e n ta m  c a r a c te r í s t ic a s  d e  C D s im a tu r a s  (CD14L° C D 8 6 ^  
MHC-IILo CD83+).

O u tro s  g ru p o s , e n t r e ta n to ,  d e m o n s tr a r a m  q u e  LPS (ROTTA e t a l ,  2 0 0 3 ) e 
lip o fo sfo g lic a n o s  (PO N T E -SU C R E  e t a l ,  200 1 ) d a  p a re d e  d e  L e ish m a n ia  m ajor 
(LPG) b lo q u e ia m  a  d ife re n c ia ç ã o  d e  m o n ó c ito s  e m  c é lu la s  d e n d r i t ic a s  n a  
p r e s e n ç a  d e  a n tíg e n o s  p a r t ic u la d o s ,  m a s  n ã o  n a  p r e s e n ç a  d e  a n tíg e n o s  
so lú v e is . E s s e s  a c h a d o s  s u g e re m  q u e  e s ta s  c é lu la s  p o d e m  s e r  c ru c ia is  p a r a  
a  d e te rm in a ç ã o  d a  in ic ia ç ã o  d e  u m a  r e s p o s ta  a d q u i r id a  o u  c o n te n ç ã o  do 
a g e n te  in v a s o r  p e la  r e s p o s ta  im u n e  in a ta  s e m  d e s p e r t a r  a  im u n id a d e  
a d a p ta t iv a  (IM HOF 85 AU RRA N D -LIO N S, 2 0 0 4 ).

1 .3  INTEGRINAS NA A PRESEN TA Ç Ã O  ANTIGÊNICA

A lém  d e  s u a s  fu n ç õ e s  n o s  p ro c e s s o s  d e  a d e s ã o  e  m ig ra ç ã o  c e lu la r ,  in te g r in a s  
(e sp e c ia lm e n te  LFA-1) h á  m u i to  v ê m  s e n d o  im p lic a d a s  n a  a p re s e n ta ç ã o  d e  
a n tíg e n o  p a r a  lin fó c ito s  T  (GRAKOUl e t a l ,  1 9 9 9 ; KATAGIRI e t a l ,  2 0 0 2 ; 
H O G G  e t a l ,  2 0 0 3 ). A in je ç ã o  c o n c o m ita n te  d e  a n tic o rp o  an ti-L F A -1  o u  a n ti -  
ICAM -1 (C D 54; l ig a n te  d e  LFA-1) e  u m  a n tíg e n o  lev a  a  u m  e s ta d o  a tiv o  d e  
n ã o  re s p o n s iv id a d e  a o  a n tíg e n o  c o - in je ta d o  (DAVIGNON e t a l ,  1981). M ais  
r e c e n te m e n te , te m  s id o  d e m o n s tr a d o  q u e  LFA-1 p a r t ic ip a  d a  fo rm a ç ã o  e 
m a n u te n ç ã o  d o s  p o n to s  d e  c o n ta to  e n tr e  lin fó c ito s  T  e  A PC s ( s in a p s e s  
im u n o ló g ica s )  (MONKS e t a l ,  1998).

D e s ta  m a n e ir a , a lte ra ç õ e s  n a  f u n ç ã o  d e  in te g r in a s  p o d e r ia m  in f lu e n c ia r  n ã o  
só  a  c a p a c id a d e  m ig ra tó r ia  e  o e n d e re ç a m e n to  d e  c é lu la s  m o n o c ít ic a s , m a s  
ta m b é m  in te r fe r ir  c o m  a  c a p a c id a d e  a p r e s e n ta d o r a  d e  a n tíg e n o  d e s ta s  
c é lu la s .
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E m  a lg u m a s  fo rm a s  d e  le is h m a n io s e , é c o m u m  a  d is s e m in a ç ã o  d o  p a ra s i to  
p a r a  s í t io s  d is t a n te s  d o  lo c a l d e  in o c u la ç ã o  (BITTEN CO U RT 85 BARRAL- 
N ETTO , 1 9 9 5 ). O s  d e te r m in a n te s  d a s  fo rm a s  c l ín ic a s  s ã o  p o u c o  c o n h e c id o s  
e p o d e m  in c lu ir  fa to re s  g e n é tic o s  do  h o s p e d e iro  (BA RBIER e t a l ,  19 8 7 ; C E R F 
e t a l ,  1 9 8 7 ; GRADONI 8s GRAM ICCIA, 1 9 9 4 ; CA BRERA  e t  a l ,  1995) e do 
p a ra s i to  (LEM OS D E  SO U ZA  e t  a l ,  2 0 0 0 ).

E m  e s tu d o  a n te r io r ,  n o s s o  g ru p o  d e se n v o lv e u  u m  e n s a io  in  xntro q u e  p e rm ite
o e s tu d o  d e  fu n ç ã o  d e  in te g r in a s  n a  s u p e r f íc ie  d e  c é lu la s  fag o c ític a s  
m o n o n u c le a re s . N e s te  m o d e lo , a  a d e s ã o  a o  te c id o  c o n ju n tiv o  in f la m a d o  
o c o rre  p r in c ip a lm e n te  a t r a v é s  d e  in te g r in a s ,  u m a  vez  q u e  é d e p e n d e n te  de  
c á t io n s  d iv a le n te s  e é in ib id a  p e la  a d iç ã o  d e  a n t ic o r p o s  a n t i - c a d e ia  04 

(C D 49d) e P2 (CD 18) d e  in te g r in a s ,  a s s im  c o m o  p o r  m i s tu r a s  d e  p e p tíd e o s  
q u e  lig a m -se  a  in te g r in a s  e  im p e d e m  a  lig a ç ã o  d e s ta s  c o m  c o m p o n e n te s  d a  
m a tr iz  e x tr a - c e lu la r  (CARVALHAL e t a l ,  2 0 0 4 ).

U s a n d o  e s te  tip o  d e  e n s a io , d e m o n s tr a m o s  q u e  a  in fe c ç ã o  p o r  p a r a s i to s  do  
g é n e ro  L e ish m a n ia  to r n a  e s te s  fag ó c ito s  m e n o s  c a p a z e s  d e  a d e r i r  a o  tec id o  
c o n ju n tiv o  in f la m a d o . E s s a  r e d u ç ã o  n ã o  foi o b s e r v a d a  a p ó s  fag o c ito se  d e  
p a r t íc u la s  d e  lá te x  c o m  o ta m a n h o  a p ro x im a d o  d e  u m a  a m a s t ig o ta  d e  
L eishm a n ia  (3 }im) o u  d e  M ycobacterium  fo r tu itu m  (CARVALHAL e t a l ,  2 0 0 4 ).

O s  p r in c ip a is  t ip o s  c e lu la re s  in fe c ta d o s  p e lo  a g e n te  e tio lóg ico  d a  
le ish m a n io s e  s ã o  fag ó c ito s  m o n o n u c le a re s  (BITTEN CO U RT 8e BARRAL- 
NETTO , 1995). E s ta s  c é lu la s  tê m  u m  p a p e l  d e c is iv o  n o  d e se n v o lv im e n to  
d e s ta  p a to lo g ia  ao  s e r  t a n to  o a lvo  d a  in fe c ç ã o  (BITTEN CO U R T 85 BARRAL- 
NETTO, 1995) com o o tip o  c e lu la r  r e s p o n s á v e l  p e la  a tiv a ç ã o  d a  r e s p o s ta  
im u n o ló g ic a  (M ALDONADO-LOPEZ 8s M O SE R , 2 0 0 1 ).

A ss im , o c o n h e c im e n to  d a s  a l te r a ç õ e s  r e la c io n a d a s  a o  p o te n c ia l  m ig ra tó r io  e 
d e  a p r e s e n ta ç ã o  a n tig ê n ic a  d e  c é lu la s  m o n o c ít ic a s  n o  c o n te x to  d e  in fecç ã o

2 JU ST IF IC A T IV A
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p o r  L eish m a n ia  é  d e  im p o r tâ n c ia  f u n d a m e n ta l  p a r a  o e n te n d im e n to  d e s ta  
d e s o rd e m  (TAPIA e t a l ,  1994) e m e sm o  d e  o u t r a s  d e s o r d e n s  ta m b é m  
c a r a c te r iz a d a s  p e lo  a c ú m u lo  d e  m a c ró fa g o s  (PANAYI, 1 9 9 3 ; YOON e t a l ,  
1998 ; DANDONA Ô6 ALJADA, 2 0 0 2 ; R E N IE R  e t a l ,  2 0 0 3 ; H EN D R IK S e t  a l ,
20 0 5 ).
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3 O B JET IVO S

3 .1  GERAL

Id e n tif ic a r  o s  m e c a n is m o s  m o le c u la re s  en v o lv id o s  n a  d is s e m in a ç ã o  de 
m a c ró fa g o s  in fe c ta d o s  p o r  L e ish m a n ia  e m  d ife re n te s  te c id o s .

3 .2  E SP E C ÍF IC O S :

1. E s tu d a r  a  c in é t ic a  d a  r e d u ç ã o  d e  a d e s ã o  d o s  fag ó c ito s  m o n o n u c le a re s  
in fe c ta d a s  co m  L e ish m a n ia  a m a zo n en sis;

2. A v a lia r a  in f lu ê n c ia  d a  in te n s id a d e  d a  in fe cç ã o  n a  a d e s ã o  c e lu la r ;
3 . E x a m in a r  o e fe ito  d a  fa g o c ito se  d e  p a r a s i to s  m o r to s  e s e u s  p ro d u to s  

n a  a d e s ã o  c e lu la r ;
4 . E x a m in a r  o p e rfil d e  e x p re s s ã o  d e  m o lé c u la s  d e  a d e s ã o  p o r  fag ó c ito s  

m o n o n u c le a re s  in fe c ta d o s  in vitro c o m  L e ish m a n ia  o u  n ã o  in fe c ta d o s ;
5. E x a m in a r  a  m o d ific a ç ã o  n o  e s ta d o  d e  a f in id a d e  d e  in te g r in a s  e o p a p e l 

d e  VLA4 n a  p e rd a  d e  a d e s ã o  a p ó s  in fe c ç ã o  p o r  L. a m a zo n e n s is  e
6 . A v a lia r a  e x p re s s ã o  d e  re c e p to re s  d e  q u im io c in a s  e m  c é lu la s  

in fe c ta d a s  in vitro c o m  L e ish m a n ia  o u  n â o  in fe c ta d o s .
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Leishmania are intracellular parasites that cause lesions in the skin, mucosa and viscera. We 
have previously shown that Leishmania infection reduces mononuclear phagocyte adhesion to 
inflamed connective tissue. In this paper we examined the role o f adhesion molecules and 
chemokines in this phenomenon. Infection rate (r=-0.826, P=0.003) and parasite burden (r=- 
0.917, P=0.028) negatively correlated to mouse phagocyte adhesion. The decrease (58.7 to 
75.0% inhibition, P=0.005) in phagocyte adhesion to connective tissue, induced by 
Leishmania, occurred as early as 2h after infection and was maintained in a plateau for at least 
24h. The infection with 0.6 Leishmania per cell reduced phagocyte adhesion in 27.9 to 44.6% 
( /’<0.001). Impairment in cell adhesion was sustained by phagocyte infection since it was not 
observed after phagocytosis o f killed parasites (cell adhesion varied from 15.2% below to 
24.0% above the control levels, P>0.05). Leishmania infection also diminished cell adhesion 
to fibronectin (54.1 to 96.2%, P<0.01), collagen (15.7 to 83.7%, P<0.05) and laminin (59.1 to 
82.2%, P<0.05). The CD l lb*" sub-population was highly infected (49.6 to 97.3%). There was 
no modulation o f VLA4, VLA5, LFA-1, Mac-1, L-selectin, ICAM-2 or VCAM-1 surface 
expression on the infected cells. Accordingly, Ca^^ and Mg“̂  ̂ replacement by Mn"^̂  reverted 
the inhibition caused by Leishmania and this reversion was blocked by anti-VLA4 antibodies. 
Expression o f CCR4 and CCR5 mRNA was downregulated 16h after infection (2.8 to 4.1 
times and 1.9 to 2.8 times, respectively). These data suggest that mechanisms regulating 
integrin function are implicated in the change o f macrophage adhesion in leishmaniasis.

ABSTRACT:
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The protozoan parasites o f  the genus Leishmania are the causative agents o f  tegumentary and 

visceral leishmaniasis. Distinct species of Leishmania cause different forms o f the disease, 
although some overlap has been reported (1 ,8 , 34). For example, Leishmania amazonensis, a 
pathogen mostly detected in cutaneous lesions, has been described to cause visceral disease
(1). The mechanisms by which the parasite induces such different diseases are largely 
unknown and may involve both pathogen and host factors (8, 13, 21, 34). In all cases, 
Leishmania infection initiates when an infected phlebotominae sand fly inoculates the 
parasites into the dermis during feeding. Thereafter, the infective promastigotes enter and 
multiply inside the host phagocytic cells, eventually reaching the draining lymph node. The 
identity and fate o f the cells that carry the organism away from the injection site are 
controversial (31, 32, 36, 37). However, the genesis o f the lesions is closely linked to the 
presence o f macrophages harboring Leishmania amastigotes (3). In the different forms o f the 
disease, one may find parasitized macrophages in the lymph nodes that drain the inoculation 
site (32) or in the blood (27). Since the amastigote forms are obligated intracellular parasites, 
their migration has to rely on the addressing information displayed on the surface o f their 
phagocytic hosts, such as the type o f adhesion molecules or chemokine receptors.

In fact, it has been reported that upon phagocytosis o f Leishmania major (31, 32, 37), 
mononuclear phagocytes harboring live parasites migrate from the skin to the draining lymph 
node. This evidence suggests that Leishmania infection induces cellular changes that lead to 
de-adhesion (a first step in cellular traffic) and migration o f mononuclear phagocytes from the 

skin to draining lymph node. The capacity o f these cells to home back to the skin, to mucosae 
or intemal organs, may also be modified by the parasite (2). We have recently reported the

INTRODUCTION
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development of an in vitro adhesion assay to study the interactions o f mononuclear 
phagocytes with the connective tissue (11). Using this tool, we have shown that different 
Leishmania species reduce the adherence o f phagocytes to the inflamed connective tissue and 
suggested that mechanisms regulating integrin affinity would be involved in such modulation 
of cell adhesion by Leishmania (11). Thus, the observed decrease o f cell adherence early upon 
Leishmania infection may account for the first stage o f this migratory process.

In the present work we examine the variables influencing the changes in phagocyte adherence 
induced by Leishmania such as parasite burden, infection versus parasite products and time 
course o f infection. We also examine pathways potentially involved in the reduction of 
Leishmania-xxiÍQCíeà phagocyte adhesion. Hence, in a first set o f experiments we studied the 
influence o f infection rate and intensity on monocytic phagocyte adhesion, the kinetics o f this 
phenomenon and if  infection is needed or phagocytosis o f dead parasites would cause the 
same effect. In a second set o f experiments, we compare the profile o f adhesion molecules 
and chemokine receptors expression in non-infected and Leishmania-mÍQCíQá cells. The 
understanding of the mechanisms o f Leishmania dissemination may aid the identification of 
novel targets for therapies against aggressive forms o f leishmaniases, as well as against other 
disorders mediated by inadequate addressing o f monocytes (46).
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M ATER IAL AND METHODS

Animals

Eight to twelve-week-old BALB/c mice were obtained from the colony o f the Gonçalo Moniz 
Research Center - FIOCRUZ (Salvador, Brazil). The animals were maintained under 
controlled environmental conditions o f humidity, temperature, light-dark cycle, with 
commercial balanced mouse chow and water ad libitum. The experiments involving animals 
were conducted in accordance to the Oswaldo Cruz Foundation guidelines for research with 
animals (http://www.fiocruz.br/presidencia/vppdt/comceua.htm).

Mouse peritoneal exudate cells

Peritoneal exudate cells (PEC) were obtained by the intraperitoneal injection o f  3 ml o f a 
sterile thioglycollate (Sigma, USA) solution at 3% (w/v). Four days after the injection, 
peritoneal cells were collected by washing the peritoneal cavity two times with cold 
Ca^^/Mg^^-free HBSS (Sigma) containing 20 lU/ml heparin. The cells were washed two times 
in HBSS, suspended in RPMI (Sigma) with 10% FBS (Cultilab, Brazil), 60|xg/ml gentamycin 
and 2mM glutamine (complete RPMI) and cultured in non-adherent polypropylene tubes at 
37°C and 5% CO2. More than 80% o f the cells obtained using this process had macrophage 
features, as evaluated by morphological analysis o f Giemsa-stained slides and by flow 
cytometry using forward and side scatters or staining with an ti-C D llb  (clone 2D7; BD- 

Pharmingen, USA) and F4/80 (clone CI:A3-1; Caltag, USA) antibodies. Viability was 
assessed by trypan blue exclusion. At least 85% o f the cells used for the experiments were 

viable.

http://www.fiocruz.br/presidencia/vppdt/comceua.htm
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Sections of inflamed tissue

Dorsal subcutaneous inflammatory air pouches were produced in BALB/c mice by the 
injection o f 2 ml of air and 200 jil o f soy oil containing 0.1% croton oil. Animals were 
sacrificed three days after the injection. Transversal full-thickness slices o f tissue from the 
inflammatory air pouch were collected, irmnersed in Histoprep (Fisher Scientific, USA), 
frozen in liquid nitrogen and preserved at -70° C vmtil use. Serial 5 nm cryostat sections 
(perpendicular to the skin and to the wall o f the inflammatory air pouch) were collected onto 
glass slides previously coated with a gelatin film (0.5% solution in HBSS, Sigma). Sections 
were air dried for ten minutes, fixed with cold (-20° C) acetone for three minutes and then 
washed with PBS. Ten millimeter diameter circles were drawn around each section using a 
non-toxic marker pen (Pap Pen; Daido Sangyo, Japan) to prevent the free flow o f the cell 
suspension over the slides. The purpose o f using gelatin-coated glass slides was to minimize 
the adherence o f macrophages to the glass (1 1 ).

Phagocyte infections and phagocytosis of killed Leishmania

Leishmania braziiiensis (MHOM/BR/3456) and L. amazonensis (Leila strain, 
MHOM/BR88/BA-125) were grown in Schneider’s insect medium (Sigma) containing 10% 
(Z. amazonensis) or 20% (L. braziiiensis) FBS at 24“ C (47). Parasites were washed three 
times in HBSS, suspended in complete RPMI and incubated with the phagocytes. Control 
phagocytes were either cultured with medium alone or in medium containing 3 (xm-diameter 

latex beads (Sigma). For some experiments, the parasites were killed by incubation with 
absolute ethanol for twenty minutes on ice, washed three times in HBSS and incubated with
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the phagocytes. For the flow cytometry analyses, Leishmania were stained with a red 
fluorescent dye (PKH26; Sigma) according to the manufacturer’s instructions, before 
incubating them with the phagocytes. Briefly, 10* parasites were suspended in 2 ml o f PBS, 

mixed to a 4 |iM  PKH26 solution in 2 ml o f  PBS and incubated for five minutes at room 
temperature in the dark under periodic agitation. Staining was stopped by the addition o f  4 ml 
of FBS and incubation at 37° C for thirty minutes and washed three times in HBSS. 
Preliminary experiments showed that the dye does not escape from stained parasites or alters 
its viability and infectivity in vitro (data not shown). Promastigotes or amastigote forms of 
Leishmania, obtained according to a protocol described elsewhere (47) were used in these 
experiments with similar results. Ten parasites or latex particles per cell were used where not 
otherwise stated. Samples o f the cells fi*om each group were centrifuged onto glass slides, 
fixed with methanol, Giemsa-stained and examined by light microscopy to check the 
percentage o f infected phagocytes and the number o f parasites per  infected cell. At least 1,000 
mononuclear cells were counted.

Leukocyte-connective tissue adhesion assay

These assays were performed according to a previously described method (11). Briefly, 
inflamed connective tissue sections were incubated with HBSS containing 1% (w/v) BSA 
(Sigma) for thirty minutes at room temperature to block non-specific reactions. Cells were 
washed twice in HBSS and suspended at 2x10® cells/ml in HBSS containing 1% BSA. In the 

experiments o f replacement o f divalent cations, cells were washed with Ca^^/Mg^^-free 
HBSS, incubated with 1 mM EDTA for five minutes on ice, washed three times in Ca‘*' /̂Mg^ -̂ 
free HBSS, suspended in Ca^^/Mg'^^-free HBSS containing 1% BSA and supplemented with 
250|aM Ca^^ and 250p,M Mg^^ or SOO îM Mn”̂ .̂ In some experiments, VLA4 was blocked by
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incubation o f the cells and tissue sections with antibodies (clone R l-2; BD-Pharmingen, 
USA) at lO^g/ml for twenty minutes on ice, before they were left to adhere to the tissue. 
Aliquots o f 4x10^ cells were placed over the tissue sections. They were incubated under 

agitation (eighty cycles per minute on a circular shaker), washed three times in PBS with Ca^^ 
and Mg^^ (500p,M) to remove non-adherent cells and fixed for thirty minutes in 1% 
glutaraldehyde. Slides were then stained with H&E and examined under light microscopy. 
Measurements were performed using a CX41 microscope (Olympus, USA) coupled to a 
digital imaging system. Non-overlapping areas of inflamed connective tissue represented in 
all sections were selected for the measurements. Five microphotographs were taken from 
equivalent areas in each section and the adhered cells were counted using the Image-Pro Plus
4.5 software (Media Cybernetics, USA). Results are expressed as the mean + SEM of the 
counts obtained in each treatment replicate or as the percentage o f cells adhered as compared 
to the xmtreated controls. Four to six sections were used per group o f cells subjected to 
different treatments.

Leukocyte-extra-cellular matrix components adhesion assay

Sterile 96-well ELISA plates were sensitized with collagen, fibronectin and laminin. For 
sensitization with collagen, the wells were incubated overnight with a type I collagen solution 
at 300 p.g/ml (Sigma) in ammonia atmosphere at room temperature. In order to increase 
fibronectin binding to the wells, sensitization was done in wells previously coated with 
collagen with a 10 )J.g/ml fibronectin (Sigma) solution. Laminin sensitization was done using 
a laminin solution (Sigma) at 20 ng/ml. The plates were incubated for 1 hour at 37“ C and 

washed three times in HBSS. Samples o f the cells (200 |al containing 8x1 O'* cells) were seeded 
in each well and incubated for 1 hour at 37° C and 5% CO2. After the incubation, plates were
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carefully washed four times in warm HBSS and the adhered cells were fixed with 1% 
glutaraldehyde for thirty minutes. Six replicates were used for each treatment. Three different 
non-overlapping random areas per  well were taken for quantification in an inverted 
microscope, similarly to what was described above. Results are expressed as the mean of the 
counts obtained in each treatment replicate.

Flow cytometry analysis

Murine PEC were analyzed for surface expression o f CD I la  (clone 2D7), C D llb  (M l/70), 
CD 18 (GAME-46), CD49d (9C10), CD62L (MEL-14), CD 102 (3E2) and CD 106 
(429/M VC AM. A). All antibodies were fluorescein conjugates obtained from BD-Pharmingen. 
Non-infected or Leishmania-irdQCicd cells were suspended in PBS containing 1% BSA and
0.05% sodium azide and blocked with 5% mouse serum plus 5% FBS for thirty minutes on 
ice. The cells were then incubated with labeled antibodies or isotype controls (A95-1 and 
R35-95 from BD-Pharmingen) in a dilution of 1:200 for thirty minutes. The data shown is 
representative o f four independent experiments. Cells were washed and analyzed on a 
FACScan flow cytometer using the CellQuest software (Becton-Dickinson, USA). The 
histograms and bitmaps o f distribution o f cell populations were constructed using the FlowJo 
Software (Tree Star Inc, USA). Fifty thousand events were analyzed per sample.

Chemokine receptor expression analysis by Real-Time PCR

We analyzed six different chemokine receptors known to be present on monocytic cells 
(CCRl, 3, 4, 5, 7 and CXCR4) (35, 42, 43, 54, 55). Total RNA was extracted using the 
RNeasy RNA extraction kit (Qiagen, USA) according to the manufacturer’s protocol. Real­
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time RT-PCR was performed on an ABI Prism 7000 sequence detection system (Applied 
Biosystems, USA) using SYBR Green PCR Master Mix (Applied Biosystems) after reverse 
transcription o f 1 |ag RNA using Superscript II reverse transcriptase (Invitrogen, USA). The 
relative level o f gene expression was determined by the comparative Ct method as described 
by the manufacturer, whereby each sample was normalized to 18S and expressed as a fold 
change compared with untreated controls. PrimerS software (Whitehead Institute for 
Biomedical Research, USA) (40) was used to design the specific primers (Table 1).

Analysis of results

The statistical significance o f the difference between groups was assessed using the two-tailed 
student's t test or one-way ANOVA, followed by Newman-Keuls post test, with critical level 
of significance at P  < 0.05. Trends were measured using Pearson’s correlation coefficient (r).
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The intensity of the infection determines the adhesion rate to connective tissue of mouse 
monocytic phagocytes

We first evaluated the effect o f the infection intensity on phagocyte adhesion using different 
doses o f parasites per cell (figure 1). Twenty-four hours after the infection, the percentage o f 
infected cells inversely correlated with the number o f adhered cells (r = -0.734, P<0.0001). 
The number o f parasites per infected phagocyte also negatively correlated with the connective 
tissue adhesion (r = -0.780, P<0.0001). These correlations followed a polynomial distribution, 
reaching a plateau at about 50% o f  infected phagocytes or at three parasites per  infected cell.

Leishmania infection modulates phagocyte adhesion as early as two hours after infection

We next tested whether the observed effect on Leishmania-mfQCíQà macrophage adhesion was 
dependent on the time o f exposure to the parasite. Observing different time points after in 
vitro infection (figure 2), we noticed a significant reduction in adhesion at two hours (25.1 to 
41.8% of the control levels; ANOVA P<0.01). The effect o f Leishmania infection on cell 
adhesion was partially reverted between two to six hours (P<0.05) and was kept in a plateau 
thereafter, until the last time point tested (24h).

A critical rate of infection has to be achieved in order to change the adherence of 
mononuclear phagocytes to the connective tissue two hours after infection

RESULTS



42

As shown in figure 3A, two hours after PEC infection with 0.6 parasite per cell, the cell 
adhesion was not significantly decreased. It remained at 92.8 to 93.4% o f the control levels 
(ANOVA P>0.05), while infection with 2.5 parasites per cell significantly reduced the 
adhesion o f the cells to inflamed connective tissue (53.0 to 69.5% o f the control levels, 
ANOVA P<0.05). After twenty-four hours o f  infection with 0.6 live parasite per cell, 
however, we observed a significant reduction in the adhesion of PEC to connective tissue 
(55.4 to 74.2% of the control levels, ANOVA P<0.001; figure 3B).

Modulation of mononuclear phagocyte adherence to inflamed connective tissue is 
sustained by infection and not by phagocytosis of killed parasites

In order to examine if  the effect on leukocyte adhesion could be reproduced by products o f 
dead parasites, phagocytes were incubated with killed Leishmania. Incubation with 10 
parasites per  cell for the short period o f two hours reduced the adhesion o f PEC to the 
connective tissue (26.2 to 50.5%, ANOVA P<0.001; figure 3A). The same phenomenon was 
not observed when the incubation period was extended to 24 hours: the adhesion varied from 
78.8 to 124.0% o f the control levels (ANOVA P>0.05; figure 3B). At this later time point, the 
number o f parasite-containing phagocytes in the group incubated with ten killed parasites per 
cell was equivalent to that observed in the group infected with two live parasites per cell (22.7 
vs 28.5%; t test P=0.7), where significant reduction in adhesion was observed. Identical 
results were obtained using killed promastigotes or amastigotes.

Since we observed some differences between results o f  the experiments performed at early (2 

to 4 hours) or after longer periods (8 to 24 hours) o f Leishmania infection, we considered the 
possibility that distinct mechanisms influencing phagocyte adhesion would be taking place at
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these two stages o f infection. Hence, we performed some o f the subsequent experiments 
taking in account those two times o f infection.

Leishmania infection decreases mononuclear phagocyte adhesion to purified extra­
cellular matrix components

In order to identify the cell-connective tissue adhesion pathways altered in the Leishmania 
infection we have performed a series o f  experiments using fibronectin, collagen and laminin 
as substrate for cell adhesion (39). The adhesion o f PEC to all the tested extra-cellular matrix 
components was reduced upon infection o f the cells with Leishmania (figure 4). Adhesion to 
fibronectin was reduced to 26.3% (45.9 to 3.8; ANOVA P<0.01) o f the control levels. 
Moreover, the number o f cells adhered to collagen or laminin was small, and fiirther reduced 
upon Leishmania infection: 22.3% (84.3 to 16.3%; ANOVA P<0.05) and 17.8% (40.9 to 
17.8%; ANOVA P<0.05) o f the control levels respectively.

The expression of adhesion molecules is not modulated by Leishmania either two or 
twenty-four hours after infection

Since the experiments described above indicated impairment o f  a wide range o f integrins 
involved in phagocyte-connective matrix interactions, we decided to compare the surface 
expression o f adhesion molecules between infected and non infected phagocytes. The PEC 
infected with Leishmania displayed only a slight shift towards a decrease o f CD49d (VLA4 U4 

chain, a fibronectin receptor) in two out o f four experiments (figure 5). No significant changes 
in the intensity o f  expression o f other adhesion molecules involved in cell-cell or cell-matrix 

interactions such as C D lla  (LFA-1 a t  chain), C D llb  (Mac-1 um chain), CD18 (P2 integrin
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chain), CD62L (L-Selectin), CD 102 (LFA-1 ligand ICAM-2) or CD 106 (VLA4 ligand 
VCAM-1) were observed in four independent experiments (figure 5).

Differences in the profile of adhesion molecule expression were, however, associated to the 
intensity o f phagocyte infection (figure 6): compared to the CDllb"®® and C D llb ’° 
populations, the CDl lb'’’ population showed a higher percentage o f infection (13.5-20.7% and 
15.8-26.1% vs 49.6-97.3%, respectively). Almost all highly infected cells were in the CDl lb*” 
population. The CDl la"®® population had a higher percentage o f infected cells as compared to 
the C D lla ’’“® population (59.0-91.1% vs 24.1-30.9%). Almost all the CDlla"®® population 
was highly infected. CD49d showed a pattem o f infection similar to the one observed with the 
C D lla  staining (66.6-83.5% infected cells in the CD49d"®s and 23.5-37.0% in the CD49d'’“  
population). Also, most CD49d"®® cells were highly infected.

Analyses o f cells gated at the Leishmanicf°^ and Leishmanid^^ sub-populations (figure 6, 
center histograms) revealed that C D llb  expression was bimodal in the infected population 
showing discrete C D llb '“ and C D llb^ ' peaks. Although the C D llb '"  peak was blunt in the 
uninfected sub-population, the proportion o f the cell populations in gates CD lib-negative, - 
low and -high (figure 6, C D llb , first and second columns) was unchanged comparing the 
Leishmania to the control group (negative, 3.7-16.7% vs 4.1-17.6%; low, 67.0-88.9% vs 56.9- 
71.0%; high, 8.3-21.7% vs 10.8-39.8).

Very late activation antigen (VLA) 4 function is modulated by Leishmania infection

Manganese regulates integrin fimction and activate most integrins to its highest affinity form 
without modifying membrane clustering formation or surface expression levels (9, 45). To
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confirm that the impairment in the infected-cell adhesion to fibronectin resulted from changes 
in VLA4 function instead o f in the expression o f this integrin, we conducted experiments 

replacing Ca^^ and Mg^^ by Mn“̂  ̂ on infected cells during the adhesion assays (figure 7). 
Calcium and Mg^^ replacement by Mn^^ increased the adhesion o f both infected (447.9 to 
3961.0 cells/mm^) and uninfected cells (2193.0 to 3945.0 cells/mm^) to fibronectin (ANOVA 
P<0.001), reverting the inhibitory effect o f Leishmania infection on the adhesive capabilities 
of these cells (ANOVA P>0.05). Anti-VLA4 antibodies abrogated the effect produced by 
Mn^^ on the adhesion o f these cells (ANOVA P<0.001).

Leishmania down-regulates CCR4 and CCR5 gene expression by mononuclear 
phagocytes

Since our data suggested that changes in integrin function instead o f  adhesion molecule 
expression was altered in Leishmania-iniQcXcd cells, we investigated possible changes in the 
expression o f chemokine receptors by infected cells. We found that two hours after infection 
(figure 8A), C C R l, CCR5 and CCR7 were up-regulated about two times comparing to the 
control group (1.59 to 2.89, 1.68 to 3.74 and 1.92 to 2.36 times respectively). By 16 hours 
after infection (figure 8B), however, live Leishmania caused a down-regulation in the 
expression o f CCR4 (-2.82 to -4.05 times) and CCR5 (-1.88 to -2.84 times). Killed 
Leishmania increased the expression o f CCR4 at this same time point (1.66 to 5.43 times). 
The LPS-treated controls showed a marked reduction in the expression o f  CXCR4 both at two 
hours (-6.88 to -13.48 times) or sixteen hours (-1.81 to -3.74 times), in accordance with 

previous works (48, 51).
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In the present study we investigated the mechanisms underlying the modulation o f the 
adhesion o f mononuclear phagocytes to comiective tissue by Leishmania. This modulation, 

which has been previously described by de Almeida and collaborators (19) and by our group
(11), may be important in the process o f parasite dissemination to different tissues (30). 
Herein, we demonstrate that phagocyte adherence to the inflamed connective tissue is 
modulated by the parasite burden in the cell and the changes are sustained by infection, and 
not by phagocytosis o f  killed Leishmania. Our data suggest that mechanisms that regulate cell 

surface (31-integrin activity, rather than the differential expression o f these adhesion 

molecules, are implicated in the change o f macrophage adhesion in leishmaniasis and that 
changes in the expression o f chemokine receptors may be involved in this process.

In our previous report, we noticed that the reduction o f adhesion observed after phagocyte 
infection by Leishmania was variable (11). Herein we show that differences in the intensity of 
infection cause such variation: a negative correlation was observed between the percentage of 
infected cells, the number o f parasites per infected cell and their adherence to the connective 
tissue. It has been estimated that, in the early stages o f Leishmania infection in vivo, the rate 
o f parasites per phagocytic cell is low, varying in the range o f 0.03 to 0.1 (17). As the disease 
progresses, however, the number o f parasites steadily increases and may reach a rate o f 30 to 
100 parasites per phagocytic cell (17, 28). The partial clearance o f the parasite from the 
inoculation site after a period o f intense proliferation correlates to the appearance o f infected 

cells at distant sites (50). Our data show that infection with small numbers o f Leishmania was 
not able to reduce phagocyte adhesion at two hours post-infection. Nevertheless, significant 
reduction on phagocyte adhesion occurred by twenty-four hours, when intracellular

DISCUSSION
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proliferation had taken place (33, 53). Indeed, increasing the amount o f Leishmania parasites 
per cell significantly reduced phagocyte adhesion until reaching a plateau at ten parasites per 
cell even after two hours o f co-incubation. Under conditions o f such high parasite burden, 
connective-tissue adhesion by infected phagocytic cells reach levels o f  about 20-30% of that 
observed with non-infected cells. We are now studying the migratory capabilities and 
pathways used by these cells in vivo.

To evaluate whether the changes in phagocyte adhesion were dependent on the infection of 
the cells by the parasite or could be maintained by products o f phagocytosed Leishmania, 
mononuclear phagocytes were incubated with either live or ethanol-killed Leishmania. We 
chose to use ethanol to kill Leishmania as this method would better preserve the carbohydrate 
structure as well as the morphology o f the parasite (14). In experiments employing dead 
parasites, we only observed reduction in cell adhesion in the early stages o f co-incubation 
(2h). Such inhibition in cell adhesion was reverted to control levels by twenty-four hours of 
culture, even when the number o f  parasites inside the cells was maintained at rates that 
inhibited adhesion if  live Leishmania were used. In fact, when live parasites were used, an 
intense decrease in cell adhesion was observed two to four hours after infection, with slight 
reversion at later time points (8-24 hours). A possible explanation for this process is a 
transient blocking o f adhesion molecules on the surface o f phagocytic cells by molecules 
present on the surface o f the Leishmania (non-intemalized parasites are still seen at two hours 
after infection, some o f them attached to the surface o f phagocytes). Leishmania binds to 
Mac-1 (38) and other integrins (4) and these molecules are intimately linked to connective 
tissue-phagocyte and intercellular adhesion (9, 20, 52). Flow cytometry analyses o f the cells 
used in this study shows that the CDllb*” sub-population is highly phagocytic or permissive 
to Leishmania infection. Such findings may be related to the use o f this pathway in parasite
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binding and internalization by the phagocyte, producing a transient blocking o f the 

interactions between this (and potentially o f other integrins) and the connective tissue.

Integrins constitute the main molecules used by monocytic phagocytes to interact with 
connective tissue cells and extra-cellular matrix components like collagen, laminin and 
fibronectin (9). Integrins aVpi (VLA-4) and as/Pi (VLA-5) are important in the interaction of 
monocytes with fibronectin (5, 10, 49). We have previously shown that monocytic phagocytes 
rely mainly on P2 and tt4-integrins to adhere to the inflamed connective tissue (11). Here we 
observed that the infection by Leishmania reduces macrophage adhesion to fibronectin, 
laminin and collagen. By using flow cytometry analyses, however, we did not observe 
decrease in the cell svirface expression of any o f the examined adhesion molecules. This is 
true for the whole group o f cells co-incubated with Leishmania (11) and for the subset of 
amastigote containing cells (this work). It is now long recognized, however, that signaling via 
hepta-helical G-protein coupled chemokine receptors may modify the binding activity of 
integrins without altering their cell surface expression levels (20, 26, 29). Integrin function 
may be modulated by altering their lateral mobility/clustering and three-dimensional 
molecular conformation (22, 45). Consistent with these findings, we have shown herein that 
the adhesion o f infected cells was almost completely restored by manganese, a phenomenon 
that was blocked by antibodies to the a 4-integrin. As manganese is known to change the 
integrin from a low affinity to a high affinity state (45), these results indicate that the control 

o f integrin affinity may be impaired in infected phagocytes.

We also showed that C C R l, CCR5 and CCR7 expression were increased during the early 

stages o f in vitro infection with Leishmania, and CCR4 and CCR5 were decreased at later 
time points (16h). The beta chemokine receptor 4 (CCR4) has been described as an important
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homing molecule directing lymphocytes specifically to the inflamed skin, in response to its 
ligands CCL17 (TARC) and CCL22 (MDC) (7). Immunohistochemistry o f the inflammatory 
air pouches that we used in our adhesion assays revealed a strong expression o f CCL 17 (data 
not shown). Knockout mice lacking CCR4 show normal macrophage recruitment to the 
peritoneal cavity early after LPS injection but, by twenty-four hours, the number o f these cells 
is much lower than that foimd on wild type mice. Reduction o f peritoneal macrophage 
numbers was accompanied by resistance to LPS-induced shock and decreased macrophage- 
derived serum cytokine levels (12). These results indicate the importance o f the impairment of 
the CCR4-dependent pathway in the kinetics o f macrophage mobilization in an inflammatory 
setting. In our experiments, live but not killed Leishmania induced down-regulation o f CCR4 
and loss o f phagocyte adherence to the connective tissue twenty-four hours after infection. 
This may indicate the involvement o f this pathway in the migration o f monocytic phagocytes 
from the Leishmania inoculation site and in the development o f a systemic/adaptive response.

The main ligand for the CCR5 (RANTES or CCL5) has been shown to modulate the adhesion 
o f eosinophils to ICAM-1, without altering the expression o f Pa-integrins (23). It has also 

been shown that the CCR5 ligands CCL3 (M IP-la) and CCL5 stimulate firm adhesion o f 
monocytes to VCAM-1 and fibronectin-coated plates in a Pi-integrin-dependent way, as a 
result of affinity regulation (49). Our results show that live Leishmania up-regulated the 

expression o f CCR5 at the early stages o f  infection, as observed by Dasgupta and 

collaborators (15). Such effect, however, is rapidly reversed to downregulation as the 
infection progresses, in accordance with the findings o f Steigerwald and Moll, whom showed 
that the L. major-inàncQÔ. downregulation o f CCR2 and CCR5 decreased the capacity o f bone 
marrow-derived dendritic cells to migrate toward its respective ligands CCL2 and CC13 (44).
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The possible participation o f  such down-regulation o f CCRS in lowering the capacity of 
infected cells to adhere to connective tissue is now been studied in our laboratory.

Previous work has shown that immunological hypo-responsiveness in leishmaniasis may be 
due to an active inhibition o f the antigen-presenting fimctions o f monocytic phagocytes, and 
that these effects are related to parasite burden in these cells (18, 25, 41). In this work we 
showed that integrin functions are impaired in these cells in a manner that is also dependent 
on parasite burden. Besides their functions in leukocyte trafficking, integrins have been 
shown to be necessary for the formation o f immunological synapses and for antigen- 
presenting cell (APC) fimctions, stabilizing the APC-T-cell interaction and allowing the 
relatively low affinity TCR ligands to stimulate T cells (16, 24). Hence, we propose that, in 
addition to changes in B7 expression (25, 41), the impairment in integrin fimction in 
mononuclear phagocytes with high Leishmania burden may also contribute to the inefficient 
stimulation o f CD4^ T-helper cells during antigen presentation. Thus, the impairment in 
integrin fimction observed in the work reported herein is in accordance with evidence 
suggesting that Leishmania produce a wide spectrum o f suppressive changes in the infected 
phagocyte (6). The intracellular mechanisms altered by Leishmania infection that could 
mediate the bulk of these effects deserve fiirther study. The identification o f these intracellular 
pathways may disclose potential targets to be aimed at in new therapeutic strategies for 
aggressive forms o f leishmaniasis and other diseases associated with inadequate addressing of 

phagocytes (46).
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Figure 1. Correlation between adhesion of peritoneal exudate cells to inflamed 
connective tissue and the intensity of infection, as measured by the percentage of 
infected phagocytes (A) and the number of parasites per infected cell (B). Twenty-four 
hours after infection, the adherence to the connective tissue inversely correlated to both the 
percentage o f infected phagocytes (r = -0.734, P<0.0001) and number o f parasites per infected 
cell (r = -0.780, P<0.0001). The dots represent data from five independent experiments.
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Figure 2. Effect of infection time on the adhesion of mouse mononuclear phagocytes to 
the connective tissue. PEC were cultivated with medium alone (Oh), or medium containing 
live Leishmania for 2, 4, 6 or 8 hours and left to adhered for thirty minutes to a section of 
inflamed skin as described in Material and Methods. The loss o f adhesion o f infected 
phagocytes was evident by 2h after infection. This effect is partially reverted between 2 and 6 

hours (student’s t test P<0.05) after infection. Geometric forms represent three independent 
experiments and the line represents the mean. Note that the tendency is maintained in all 

experiments in spite o f the variation among different assays.
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Figure 3. Effect of the infection with different Leishmania-to-phagocyte ratios in cell 
adhesion to connective tissue, two (A) or 24 hours (B) after infection. Monocytes were 
cultivated with medium alone (controls), or with medium containing either live (filled 
triangles) or ethanol-killed (empty squares) Leishmania and were left to adhere for thirty 
minutes to sections o f inflamed skin as described in Material and Methods. Incubation of the 
phagocytes with small amounts o f Leishmania (0.6 per phagocyte) led to a decrease in the 
adhesion twenty-four hours (P<0.001) but not two hours after infection (P>0.05). Data 
extracted from three independent assays.



63

Figure 4. Effect of Leishmania infection in the adhesion of mouse mononuclear 
phagocytes to purified extra-cellular matrix components. Cells cultivated with medium 
alone (empty bars), or medivim containing live Leishmania (filled bars) were washed and 
adhered for thirty minutes to pre-coated ELISA plate wells, as described in Material and 
Methods. Leishmania infection reduced adhesion to collagen (112.5 vs 25.0 cells/mm^; 
ANOVA, P<0.05), laminin (153.1 vs 28.1 cells/mm^, ANOVA, P<0.001) and fibronectin 
(2421.9 vs 637.5 cells/mm^, 73; ANOVA, P<0.01). The data shown is representative of five 
different experiments. The P  values o f the differences between results obtained fi-om infected 
and non-infected control cells are supplied.



64

Figure 5. Cell surface expression of adhesion molecules on mouse peritoneal exudate 
cells, two (A) or 24 hours (B) after infection with Leishmania. Cells cultivated with 
medium alone (thin lines) or with live Leishmania (bold lines) were washed and stained with 
the appropriate fluorochrome-linked antibody, as described in Material and Methods. Gray 
lines represent the isotype controls. The data depicted is representative o f four independent 
analyses.
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Figure 6. Cell surface expression of adhesion molecules and infection rate in sub­
populations of mouse peritoneal exudate cells 24 hours after culture. Cells cultivated with 
medium alone (control), or medium containing live fluorescently stained Leishmania 
(Leishmania) were washed and stained with FITC-conjugated antibodies as described in 
Material and Methods. Numbers in the contour plots (1** and 2"** columns) represent the 
proportion o f the populations defined by the fluorescence intensity in the X  axis. In the center 
histograms (3̂  ̂column), gray lines represent the isotype control, black thin lines represent the 
staining of cells negative for Leishmania (Y  axis) in the 2"‘* column and bold black lines the 
positive cells. The filled histograms on the right (4*, S*** and 6* columns) express the 

percentage o f the infected population in the gates negative, positive/lo and high defined in the 
plots on the 2"^ column. The data presented is representative o f four independent experiments.
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p<0.001

Figure 7. Effect of manganese ions on the Leishmania-infected phagocyte adhesion to 
fibronectin. Cells were cultivated for 24 h with medium alone (empty colurrms), or medium 
containing Leishmania (solid colvmins), washed, treated with 250 jxM Ca^^ and 250 |xM Mg"̂  ̂
or with 500(iM Mn"̂  ̂ in the presence o f anti-a4-integrin antibody (anti-VLA4) or isotype 
controls. Cells were allowed to adhere for thirty minutes to fibronectin-coated ELISA plate 
wells, as described in Material and Methods. The addition o f Mn"^  ̂ reverted the loss of 
phagocyte adhesion induced by Leishmania infection (ANOVA, P>0.05). The increase in 
adhesion induced by Mn^^ addition was abrogated by the addition o f an anti-a4-integrin 
antibody (ANOVA, P<0.001).
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Figure 8. Cliemokine receptor mRNA expression by PEC, two (A) or sixteen hours (B) 
after incubation with L. amazonensis. Cells were cultivated in medium alone (base line), in 
the presence of 1 ng/ml LPS (checkered columns) or medium containing either live (solid 
bars) or killed (dotted bars) Leishmania. After incubation, total RNA was extracted and 
subjected to reverse transcription-real-time PCR, as described in the Material and Methods. 
Two hours after incubation (A), either live or ethanol-killed Leishmania caused an increase in 
the expression of CCRl, CCR5 and CCR7, while LPS decreased CXCR4 expression by 10.4 
times. Twenty four hours after incubation (B), killed parasites induced a four-fold increase in 
the expression of CCR4 while live parasites inhibited CCR4 (three times) and CCR5 (two 
times) expression. LPS decreased CXCR4 expression three times. This data is representative 
of three independent experiments.
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Table 1. Sequence 5’-3’ of the primers used in this study.

Gene Sense Anti-Sense Accession #

ISSrRNA CACGGCCGGTACAGTGAAAC CCCGTCGGCATGTATTAGCT M27358
CCRl CAAAGGCCCAGAAACAAAGT TGGTCAGGAATAATAGCTTCTGAAT BC011092

CCR3 TGTTATCTCTGTTTCATTAGCAGTG CAGTCTTGATTTCATCTGTG11GA U29677
CCR4 GACTGTCCTCAGGATCACTTTC GGCATTCATC l  I I GGAATCG U15208
CCRS CTCCTAGCCAGAGGAGGTGA TGTCATAGCTATAGGTCGGAACTG U83327
CCR7 CTACAGCCCCCAGAGCAC TGACCTCATCl TGGCAGAAG NM_007719

CXCR4 GGTAACCACCACGGCTGTA AGTCTCCAGACCCCACTTCTT NM_009911



69

N e s t a  d i s c u s s ã o ,  a b o r d a r e m o s  a l g u n s  p o n t o s  q u e  n ã o  f o r a m  a p r o f u n d a d o s  

n a  d i s c u s s ã o  d o  a r t i g o  a p r e s e n t a d o ,  p o r  q u e s t õ e s  d e  r e s t r i ç ã o  d e  e s p a ç o  e  

f o r m a  d o  p e r i ó d i c o  e s c o l h i d o .

D i v e r s o s  t r a b a l h o s  t ê m  t e n t a d o  p o n t u a r  o  t i p o  c e l u l a r  r e s p o n s á v e l  p e l o  

t r a n s p o r t e  e  a p r e s e n t a ç ã o  d e  a n t í g e n o  d u r a n t e  a  i n f e c ç ã o  p o r  L e is h m a n ia  

( v i d e  a b a i x o ) .  U m a  v e z  q u e  a  p e r d a  d e  a d e s ã o  a o  t e c i d o  c o n j u n t i v o  p o d e  

r e p r e s e n t a r  u m  p a s s o  i n i c i a l  n e s t e  p r o c e s s o ,  a  i d e n t i f i c a ç ã o  p r e c i s a  d a s  

c é l u l a s  q u e  s o f r e m  e s t e  t i p o  d e  a l t e r a ç ã o  ê  c r u c i a l  p a r a  o  e n t e n d i m e n t o  d a  

p a t o g ê n e s e  d a  l e i s h m a n i o s e  ( C A R V A L H A L  et a l ,  2 0 0 4 ) .

O  p r i m e i r o  t r a b a l h o  a  a c e s s a r  e s t a  q u e s t ã o  f o i  p u b l i c a d o  p o r  M o l l  e  

c o l a b o r a d o r e s  ( 1 9 9 3 ) .  N e s t e  t r a b a l h o  a  c ê l u l a  i m p l i c a d a  n o  t r a n s p o r t e  e  

a p r e s e n t a ç ã o  d e  a n t í g e n o  d e  L e is h m a n ia  m a jo r é a  c ê l u l a  d e  L a n g e r h a n s .  

M a i s  t a r d e  o u t r o s  a u t o r e s  d e m o n s t r a r a m  q u e  a s  c é l u l a s  d e  L a n g e r h a n s ,  

a p e s a r  d e  m i g r a r e m  p a r a  o  l i n f o n o d o  d r e n a n t e ,  n ã o  s ã o  c a p a z e s  d e  

a p r e s e n t a r  a n t í g e n o s  e f i c a z m e n t e  e m  u m a  v a r i e d a d e  d e  s i s t e m a s  ( A L L A N  et 

a l ,  2 0 0 3 ;  Z H A O  et a l ,  2 0 0 3 ) ,  i n c l u i n d o  d u r a n t e  a  i n f e c ç ã o  p o r  L e is h m a n ia  

( L E M O S  et a l ,  2 0 0 4 ;  M I S S L I T Z  et a l ,  2 0 0 4 ;  R I T T E R  et a l ,  2 0 0 4 ) .  A l é m  d i s s o ,  

o u t r o s  t r a b a l h o s  t a m b é m  s u p o r t a m  a  h i p ó t e s e  d e  q u e  a s  c é l u l a s  q u e  

c a r r e i a m  a n t í g e n o s  d e  L e is h m a n ia  ( M U R A I L L E  e t a l ,  2 0 0 3 )  o u  p a r t í c u l a s  d e  

l á t e x  ( R A N D O L P H  et a l ,  1 9 9 9 )  s ã o  c é l u l a s  d e r i v a d a s  d e  m o n ó c i t o s  

i n f l a m a t ó r i o s  c i r c u l a n t e s .

M a k a l a  e  c o l a b o r a d o r e s  ( 2 0 0 1 b )  d e m o n s t r a r a m  q u e ,  n o  p o o l  d e  c é l u l a s  d e  

e x s u d a t o  p e r i t o n e a l  i n d u z i d o  p o r  t i o g l i c o l a t o  ( t i p o  c e l u l a r  u t i l i z a d o  n e s t e  

t r a b a l h o ) ,  e x i s t e m  c é l u l a s  c o m  c a p a c i d a d e  d e  d i f e r e n c i a ç ã o  e m  c é l u l a s  

d e n d r i t i c a s  c o m  f e n ó t i p o  m i e l ó i d e  e  g r a n d e  c a p a c i d a d e  d e  e s t i m u l a r  a  

p r o l i f e r a ç ã o  d e  l i n f ó c i t o s  T  in  vitro. E s t e  f e n ó t i p o  é  c o m p a t í v e l  c o m  o  s u b - t i p o  

d e  c é l u l a  d e n d r í t i c a  q u e  é  r e s p o n s á v e l  p o r  a p r e s e n t a r  a n t í g e n o s  a  l i n f ó c i t o s  T  

in  v ivo  e m  o u t r o s  s i s t e m a s  ( A L L A N  e t a l ,  2 0 0 3 ;  Z H A O  et a l ,  2 0 0 3 ;  L E M O S  et

5 DISCUSSÃO
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a l ,  2 0 0 4 ;  R I T T E R  et a l ,  2 0 0 4 ) .  E s t a m o s  a g o r a  c o n d u z i n d o  e x p e r i m e n t o s  e m  

n o s s o  l a b o r a t ó r i o  p a r a  e l u c i d a r  o  f e n ó t i p o  d a s  c é l u l a s  q u e  s o f r e m  r e d u ç ã o  n a  

a d e s ã o  a o  t e c i d o  c o n j u n t i v o  i n f l a m a d o .

C o m o  v i s t o  n a  In trodução ,  i n t e g r i n a s  s ã o  m o l é c u l a s  q u e  p o d e m  t e r  s u a s  

f u n ç õ e s  r e g u l a d a s  d e  d i v e r s a s  m a n e i r a s .  O s  m e c a n i s m o s  f i s i o l ó g i c o s  d e  

c o n t r o l e  d e s s a s  m o l é c u l a s  p r o v a v e l m e n t e  d e p e n d e m  d e  e v e n t o s  i n t r a ­

c e l u l a r e s  q u e  c u l m i n a m  c o m  a l t e r a ç õ e s  n a  f u n ç ã o  d a s  i n t e g r i n a s  n a  

s u p e r f í c i e  e x t e r n a  d a  c é l u l a  [ in s id e -o u t s ig na lin g )  ( K I N A S H I ,  2 0 0 5 ) .

D u a s  v i a s  p r i n c i p a i s  d e  s i n a l i z a ç ã o  i n t r a - c e l u l a r  e s t ã o  i m p l i c a d a s  n a s  

a l t e r a ç õ e s  d e  f u n ç ã o  d a s  i n t e g r i n a s :  ( 1 )  v i a s  a s s o c i a d a s  a  p e q u e n a s  G T P a s e s  

d a  f a m í l i a  R a p l  ( K A T A G I R I  et a l ,  2 0 0 0 )  e  ( 2 )  a s  v i a s  a s s o c i a d a s  a  f o s f a t i d i l -  

i n o s i t o l - 3 - O H  c i n a s e  ( P I 3 K ) ,  a m b a s  a s s o c i a d a s  a  r e c e p t o r e s  d e  q u i m i o c i n a s  

a c o p l a d o s  a  p r o t e í n a s  G  ( G I A G U L L I  et a l ,  2 0 0 4 ) .

D o i s  d o s  p o n t o s  e m  q u e s t ã o  s ã o :  ( 1 )  q u a l  o  m e c a n i s m o  d e s e n c a d e a d o  p e l a  

i n f e c ç ã o  p o r  L e is h m a n ia  q u e  r e s p o n d e  p e l a  p e r d a  d e  a d e s ã o  d o s  f a g ó c i t o s  a o  

t e c i d o  c o n j u n t i v o  i n f l a m a d o  o u  a  c o m p o n e n t e s  i m o b i l i z a d o s  d a  m a t r i z  

e x t r a c e l u l a r  e  ( 2 ) q u a l  o  m e i o  u t i l i z a d o  p e l o  p a r a s i t o  p a r a  l e v a r  a  e s t e  

f e n ô m e n o .

T a n t o  a  v i a  d e  R a p l  q u a n t o  a  v i a  d e  P I 3 K  s ã o  r e g u l a d a s  p o r  m e n s a g e i r o s  

i n t e r m e d i á r i o s  q u e  p o d e m  s e r  c o m u n s  a  d i v e r s a s  o u t r a s  v i a s  d e  s i n a l i z a ç ã o  

( B O S  et a l ,  2 0 0 3 ;  G I A G U L L I  et a l ,  2 0 0 4 ;  K A T A G I R I  et a l ,  2 0 0 4 ) .  D e s s a  

m a n e i r a ,  a  i n i b i ç ã o  f u n c i o n a l  d e  i n t e g r i n a s ,  o b s e r v a d a  n e s t e  e s t u d o ,  p o d e  

f a z e r  p a r t e  d e  u m  p r o g r a m a  c o m u m ,  d e s e n c a d e a d o  p e l a  i n f e c ç ã o  p o r  

L e ish m a n ia ,  n o  q u a l  a l g u m a s  f u n ç õ e s  c e l u l a r e s  e s t ã o  f o r t e m e n t e  s u p r i m i d a s  

( A L E X A N D E R  Ss  R U S S E L L ,  1 9 9 2 ) .

A t é  o  m o m e n t o ,  p o u c o  s e  c o n h e c e  s o b r e  a  i n t e r f e r ê n c i a  d a  i n f e c ç ã o  p o r  

L e is h m a n ia  n a  m o d u l a ç ã o  d a  f u n ç ã o  d e  i n t e g r i n a s  a t r a v é s  d e s s a s  v i a s .  

A p e s a r  d i s s o ,  p a r e c e  i m p r o v á v e l  q u e  e s t e  p a r a s i t o  a j a  a t r a v é s  d a  i n i b i ç ã o  d e
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v i a s  d e p e n d e n t e s  d e  P I 3 K ,  u m a  v e z  q u e  a n i m a i s  n o c a u t e s  p a r a  u m a  

s u b u n i d a d e  c r u c i a l  p a r a  a  a t i v a ç ã o  d e s t a  c i n a s e  s ã o  m a i s  r e s i s t e n t e s  à  

i n f e c ç ã o  p o r  L .  m a jo r  q u e  s e u s  p a r e s  s e l v a g e n s  c o m o  c o n s e q ü ê n c i a  d o  

a u m e n t o  n ã o  c o n t r o l a d o  n a  e x p r e s s ã o  d e  I L - 1 2  n a q u e l e s  a n i m a i s  ( F U K A O  et 

a l ,  2 0 0 2 ).

T e m  s i d o  a m p l a m e n t e  d e m o n s t r a d o  q u e  d i f e r e n t e s  e s p é c i e s  d e  L e is h m a n ia  

s ã o  c a p a z e s  d e  c a u s a r  d i v e r s o s  e f e i t o s  i n i b i t ó r i o s  e m  c é l u l a s  m o n o n u c l e a r e s  

i n f e c t a d a s .  E n t r e  e s t e s  e s t ã o  a l t e r a ç õ e s  n a  h o m e o s t a s e  d e  c á l c i o  ( O L I V I E R  et 

a l ,  1 9 9 2 a ;  O L I V I E R  e t a l ,  1 9 9 2 b ) ,  a  i n i b i ç ã o  d a  m o d u l a ç ã o  d e  e x p r e s s ã o  d e  

m o l é c u l a s  c o - e s t i m u l a t ó r i a s  e m  m a c r ó f a g o s  ( K A Y E  et a l ,  1 9 9 4 ;  S A H A  et a l ,  

1 9 9 5 ) ,  m o n ó c i t o s  ( D E  A L M E I D A  e t a l ,  2 0 0 3 a )  e  c é l u l a s  d e n d r i t i c a s  ( P R I N A  et 

a l ,  2 0 0 4 ) ,  h i p o - r e s p o n s i v i d a d e  a o  e s t í m u l o  c o m  i n t e r f e r o n - g a m a  ( I F N - y )  

( R E I N E R ,  1 9 9 4 ;  N A N D A N  85 R E I N E R ,  1 9 9 5 )  o u  m e s m o  a  s u p r e s s ã o  d a  

e x p r e s s ã o  d e  d i v e r s a s  o u t r a s  m o l é c u l a s ,  c o m o  d e m o n s t r a d o  a t r a v é s  d e  

t é c n i c a s  d e  m i c r o - a r r a n j o  d e  D N A  ( B U A T E S  85 M A T L A S H E W S K l ,  2 0 0 1 ) .

O  a c h a d o  d e  q u e  m a c r ó f a g o s  i n f e c t a d o s  c o m  e s p é c i e s  d e  L e is h m a n ia  e s t a v a m  

e m  e s t a d o  d e  h i p o - r e s p o n s i v i d a d e  a o  I P N - y ,  a l é m  d e  o u t r o s  a c h a d o s ,  a c i m a  

m e n c i o n a d o s ,  t r o u x e r a m  c o n s i g o  a  v i s ã o  g e r a l  d e  q u e  e s t e  p a r a s i t a  l e v a  o  

f a g ó c i t o  a  u m  e s t a d o  d e  d e s a t i v a ç ã o  ( R E I N E R ,  1 9 9 4 ) .  E n t r e t a n t o ,  t e m  s i d o  

c a d a  v e z  m a i s  a c e i t a  a  i d é i a  d e  q u e  m a c r ó f a g o s  p o d e m  s e r  a t i v a d o s  d a  

m a n e i r a  c l á s s i c a ,  c o m  e x p r e s s ã o  d e  c i t o c i n a s  p r ó - i n f l a m a t ó r i a s  e  a t i v a ç ã o  d e  

v i a s  d e  a n i q u i l a ç ã o  d e  g e r m e s  i n t r a c e l u l a r e s ,  o u  d e  u m a  m a n e i r a  c h a m a d a  

a l t e m a t i v a  o u  t i p o  I I .  N e s s a  ú l t i m a  s i t u a ç ã o ,  o s  m a c r ó f a g o s  e x p r e s s a m  

c i t o c i n a s  a n t i - i n f l a m a t ó r i a s  o u  m o d u l a d o r a s  c o m o  T G F - | 3 ,  I L - 1 0  e  T N F - a  e  

s ã o  m e n o s  c a p a z e s  d e  d e s t r u i r  m i c r o o r g a n i s m o s  i n t r a - c e l u l a r e s  ( M A  e t a l ,  

2 0 0 3 ;  M O S S E R ,  2 0 0 3 ) .

R e c e n t e m e n t e ,  a l g u n s  a u t o r e s  t ê m  d e m o n s t r a d o  q u e  a s  m o d i f i c a ç õ e s  n a  

e x p r e s s ã o  g ê n i c a  d e  m a c r ó f a g o s  n o s  m o m e n t o s  m a i s  i n i c i a i s  d a  i n f e c ç ã o  p o r  

L e is h m a n ia  c h a g a s i  n ã o  s ã o  t ã o  a b r a n g e n t e s  c o m o  f o i  d e m o n s t r a d o  e m  

p o n t o s  m a i s  t a r d i o s  d a  i n f e c ç ã o  ( B U A T E S  85 M A T L A S H E W S K l ,  2 0 0 1 ) .  D e
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f a t o ,  o s  d a d o s  e n c o n t r a d o s  p o r  R o d r í g u e z  e  c o l a b o r a d o r e s  ( 2 0 0 4 )  s u g e r e m  

q u e ,  d u r a n t e  o  c o n t a t o  i n i c i a l  c o m  o  p a t ó g e n o ,  o s  m a c r ó f a g o s  p o d e m  s e r  

i n d u z i d o s  a  e x p r e s s a r  e  s u p r i m i r  g e n e s  e m  u m  p a d r ã o  c o m p a t í v e l  c o m  

a t i v a ç ã o  t i p o  I I .

C o m o  o b s e r v a m o s  a n t e s ,  h á  u m a  c l a r a  d i s c r e p â n c i a  e n t r e  o  p e r c e n t u a l  d e  

c é l u l a s  i n f e c t a d a s  e  o  p e r c e n t u a l  d e  r e d u ç ã o  d a  a d e s ã o  a o  t e c i d o  c o n j u n t i v o  

( v i d e  f i g u r a  l A  d o  m a n u s c r i t o  a p r e s e n t a d o ) .  E s t e  d a d o  n o s  c h a m o u  a  

a t e n ç ã o  p a r a  a  p o s s i b i l i d a d e  d e  q u e  u m  f a t o r  s o l ú v e l  a g i n d o  e m  c é l u l a s  

i n f e c t a d a s ,  e  t a m b é m  e m  c é l u l a s  v i z i n h a s  n ã o  i n f e c t a d a s ,  l e v e  â  r e d u ç ã o  d a  

a d e r ê n c i a  d o s  f a g ó c i t o s  m o n o n u c l e a r e s  o b s e r v a d o  n e s t e  e s t u d o .  E n t r e t a n t o ,  

e m  e x p e r i m e n t o s  r e a l i z a d o s  c o m  s o b r e n a d a n t e s  d e  c u l t u r a s  i n f e c t a d a s ,  n ã o  

c o n s e g u i m o s  d e t e c t a r  q u a l q u e r  e f e i t o  a t r i b u í v e l  a  u m  f a t o r  s o l ú v e l  

( M A C E D O ,  2 0 0 4 ) .

E s t e s  e x p e r i m e n t o s ,  e n t r e t a n t o ,  n ã o  a f a s t a m  a  p o s s i b i l i d a d e  d e  u m  f a t o r  

e x t r e m a m e n t e  l á b i l  o u  s e n s í v e l  a o  c o n g e l a m e n t o  ( e s s e s  e x p e r i m e n t o s  f o r a m  

r e a l i z a d o s  c o m  m e i o s  c o n d i c i o n a d o s  m a n t i d o s  c o n g e l a d o s  a n t e s  d o  

u s o ) ( M A C E D O ,  2 0 0 4 ) .  P a r a  a v a l i a r  e s s a s  q u e s t õ e s ,  e s t a m o s  r e a l i z a n d o  

e x p e r i m e n t o s  c o m  c â m a r a s  d e  c o - c u l t u r a  s e p a r a d a s  p o r  u m a  m e m b r a n a  

s e m i p e r m e á v e l .  N e s t e  s i s t e m a ,  p o d e r e m o s  a v a l i a r  n ã o  s ó  o  p a p e l  d e  u m  f a t o r  

s o l ú v e l ,  m a s  t a m b é m  a  p o s s í v e l  n e c e s s i d a d e  d e  c o n t a t o  i n t e r c e l u l a r  p a r a  a  

e x p r e s s ã o  d o  f e n ô m e n o  o b s e r v a d o .

F o r m i c a  e  c o l a b o r a d o r e s  ( 1 9 9 4 )  d e m o n s t r a r a m  q u e  a  a d e s ã o  d e  m a c r ó f a g o s  a  

u m a  m a t r i z  c o n j u n t i v a ,  c o m p o s t a  p r i n c i p a l m e n t e  p o r  f i b r o n e c t i n a ,  

a u m e n t a v a  s e n s i v e l m e n t e  a  p r o d u ç ã o  d e  s u b s t â n c i a s  m i c r o b i c i d a s .  A l é m  

d i s s o ,  c o m o  a p r e s e n t a d o  n a  In trodução ,  L F A - 1  é  u m a  i n t e g r i n a  i n t i m a m e n t e  

l i g a d a  a o  p r o c e s s o  d e  a p r e s e n t a ç ã o  a n t i g ê n i c a  a  l i n f ó c i t o s  T  e  a  i n i b i ç ã o  d e  

s u a  f u n ç ã o  p o d e  l e v a r  a  u m  e s t a d o  d e  a n e r g i a  a  u m  a n t í g e n o  c o -  

a d m i n i s t r a d o  ( D A V I G N O N  e t a l ,  1 9 8 1 ) .
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T o m a d o s  e s t e s  a s p e c t o s  e m  c o n j u n t o ,  a  i n i b i ç ã o  d a  f u n ç ã o  d e  i n t e g r i n a s  

( e s p e c i a l m e n t e  V L A 4  e  t a l v e z  M a c - 1  e  L F A - 1 ) ,  d e m o n s t r a d a  n o  m a n u s c r i t o  

a q u i  a p r e s e n t a d o ,  p o d e r i a  t a n t o  s e r  p a r t e  d e  u m  p r o c e s s o  m a i o r  d e  r e ­

p r o g r a m a ç ã o  c e l u l a r  i n d u z i d a  p e l a  L e is h m a n ia  c o m o  u m  f e n ô m e n o  i s o l a d o .  

N e s t a  ú l t i m a  h i p ó t e s e ,  c o n s i d e r a m o s  a i n d a  a  p o s s i b i l i d a d e  d a  i n i b i ç ã o  d a  

f u n ç ã o  d e  i n t e g r i n a s  s e r  p r e c u r s o r a  e  p o t e n c i a l m e n t e  c a u s a d o r a  d e  o u t r o s  

e f e i t o s  i n i b i t ó r i o s  o b s e r v a d o s  n a s  c é l u l a s  i n f e c t a d a s  p o r  e s t e  p a r a s i t o .  A  

p e r d a  d e  a d e s ã o  e  u m  p o s s í v e l  a u m e n t o  n a  c a p a c i d a d e  m i g r a t ó r i a  p o d e r i a m  

t a m b é m  s e r  p a r t e  d o  m e c a n i s m o  d e  d i r e c i o n a m e n t o  d a  d i f e r e n c i a ç ã o  d e  

m o n ó c i t o s  e m  m a c r ó f a g o s  o u  c é l u l a s  d e n d r i t i c a s ,  u m  p r o c e s s o  a i n d a  p o u c o  

c o n h e c i d o .



74

I )  A  i n i b i ç ã o  d a  a d e s ã o  d e  f a g ó c i t o s  m o n o n u c l e a r e s  d e p e n d e  d a  

i n t e n s i d a d e  d a  i n f e c ç ã o  [em experimentos com. diferentes taxas de parasito por 
célula (vide páginas 37 e 49), encontramos uma correlação inversa entre infecção e 
capacidade de adesão celular, como também foi observado por Almeida e 
colaboradores (2002)];

I I )  A  i n i b i ç ã o  d a  f u n ç ã o  d e  i n t e g r i n a s  é  m a n t i d a  p e l a  i n f e c ç ã o ,  m a s  

n ã o  p e l a  f a g o c i t o s e  d e  p a r a s i t o s  m o r t o s  [em experimentos de incubação 

p o r  24  horas, apenas cé lu las in fectadas com p a ra s ito s  vivos apresentavam  

redução na capacidade ades iva  (vide p ág in a s  3 7  e 50)}\

I I I )  A  i n f e c ç ã o  c o m  L e is h m a n ia  m o d i f i c a  a  f u n ç ã o ,  m a s  n ã o  a  

e x p r e s s ã o  d e  i n t e g r i n a s  n a  s u p e r f í c i e  d o s  f a g ó c i t o s  [a expressão de 
integrinas estava inalterada em células infectadas com Leishmania (vide páginas 38, 
51 e 52), a redução de adesão foi revertida com a adição de e essa reversão foi 
bloqueada com anticorpos contra VLA4 (páginas 38, 39 e 52)]:

a .  I s s o  p o d e  d e c o r r e r  d e  r e d u ç ã o  n a  s i n a l i z a ç ã o  v i a  r e c e p t o r e s  

d e  q u i m i o c i n a s  [em experimentos de RT-PCR em tempo real, mostramos 
redução na expressão de CCR4 e CCR5 após a infecção por Leishmania (vide 
páginas 39 e 53). Além disso, Steigerwald & Moll (2005) demonstraram que a 
infecção por Leishmania reduz a expressão de CCR2 e CCR5 em células 
dendriticas e diminui a migração in vitro dessas células na presença de CCL2 e 
CCL3];

b .  O u  p o d e  a i n d a  s e r  p a r t e  d e  u m a  i n i b i ç ã o  g e r a l  d e  f u n ç õ e s  

c e l u l a r e s  q u e  é  d e s e n c a d e a d a  p e l a  i n f e c ç ã o  p o r  L e is h m a n ia  

( B U A T E S  &  M A T L A S H E W S K l ,  2 0 0 1 ) ,  c o n t r i b u i n d o  p a r a  a  

h i p o - r e s p o n s i v i d a d e  i m u n o l ó g i c a  o b s e r v a d a  n o s  m o m e n t o s  

i n i c i a i s  d a s  d i v e r s a s  f o r m a s  d e  l e i s h m a n i o s e  ( A L E X A N D E R  &  

R U S S E L L ,  1 9 9 2 ) .

6 CONCLUSÕES /  SUMÁRIO DB RESULTADOS
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1 ) Q u a l  o  f e n ó t i p o  d a s  c é l u l a s  c o m  p o t e n c i a l  m i g r a t ó r i o  i n d u z i d o  p e l a  

i n f e c ç ã o  p o r  L e is h m a n ia ?

P a r a  i n v e s t i g a r  e s s a  q u e s t ã o ,  e s t a m o s  r e a l i z a n d o  e x p e r i m e n t o s  

p r e l i m i n a r e s  u t i l i z a n d o  c é l u l a s  m a r c a d a s  c o m  c o r a n t e s  

f l u o r e s c e n t e s ,  c i t o m e t r i a  d e  f l u x o  e  i m u n o i s t o q u í m i c a .  E s s e s  d a d o s  

s e r ã o  c r u c i a i s  p a r a  a  c o n s t r u ç ã o  d e  u m  m o d e l o  d e  d i s s e m i n a ç ã o  

p a r a s i t á r i a  n a  l e i s h m a n i o s e .

2 )  Q u a i s  a s  v i a s  d e  s i n a l i z a ç ã o  i n t r a c e l u l a r  q u e  e s t ã o  e n v o l v i d a s  n a  

p e r d a  d e  a d e s ã o  c e l u l a r  i n d u z i d a  p e l a  i n f e c ç ã o  p o r  L e is h m a n ia ?

P a r a  a v a l i a r  e s t a  q u e s t ã o ,  r e a l i z a r e m o s  e x p e r i m e n t o s  u t i l i z a n d o  

i n i b i d o r e s  e s p e c í f i c o s  d e  d i v e r s a s  v i a s  d e  s i n a l i z a ç ã o  i n t r a c e l u l a r e s  

e  a n i m a i s  n o c a u t e  p a r a  C C R 5 .  O  e n t e n d i m e n t o  d o s  m e c a n i s m o s  

q u e  r e g u l a m  e s t e  f e n ó m e n o  p o d e  s e r  d e  i m p o r t â n c i a  n a  d e f i n i ç ã o  d e  

a l v o s  t e r a p ê u t i c o s  p a r a  f o r m a s  o n d e  h á  d i s s e m i n a ç ã o  d o  p a r a s i t o  

n o  h o s p e d e i r o  o u  m e s m o  e m  o u t r a s  p a t o l o g i a s  a s s o c i a d a s  a  

e n d e r e ç a m e n t o  i n a d e q u a d o  d e  c é l u l a s  f a g o c í t i c a s  m o n o n u c l e a r e s ,  

t a i s  c o m o  a  e s c l e r o s e  m ú l t i p l a  ( H E N D R I K S  e t a l ,  2 0 0 5 )  e  a  a r t r i t e  

r e u m a t ó i d e  ( P A N A Y I ,  1 9 9 3 ) .

7 PERSPECTIVAS
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