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Immunological Phagocytosis: Effect of Drugs on Phosphodiesterase Activity 

Adenos ine  3', 5 ' - m o n o p h o s p h a t e  (cAMP) has  been  shown  
to m o d u l a t e  severa l  i n t r ace l lu l a r  processes  z. I n t r a c e l l u l a r  
levels of c A M P  are u n d e r  con t ro l  of a t  leas t  two  enzymes ,  
a d e n y l  cyclase wh ich  ca ta lyses  t h e  f o r m a t i o n  of c A M P  
f rom ATP,  a n d  c A M P  phosphod ies t e rase ,  w h i c h  hydro -  
lyses t he  p h o s p h o d i e s t e r  b o n d  of c A M P  c o n v e r t i n g  i t  to  
Y-AMP.  Agen t s  t h a t  i n h i b i t  p h o s p h o d i e s t e r a s e  a c t i v i t y  
h a v e  been  found  to  m a g n i f y  c A M P  effects b y  inc reas ing  
t he  pe rs i s t ence  of c A M P  levels.  One of t h e  m o s t  i m p o r t a n t  
ques t ions  p e r t a i n i n g  to t he  effects  of c A M P  in d i f fe ren t  
t i ssues  is t he  r e m a r k a b l e  se lec t iv i ty  of i ts  ac t ion ,  poss ib ly  
d e p e n d i n g  on t h e  e n z y m a t i c  compos i t i on  of t h e  cell. I n  
m a n y  cases, e.g. t h y r o i d  h o r m o n e  2, amylase  in t he  p a r o t i d  
g l and  3, A C T H  ~, g r o w t h  h o r m o n e  5, s e ro ton in  ~, t he  release 
process  appea r s  to  be  m e d i a t e d  b y  a n  increase  in c A M P  
levels.  I n  con t ras t ,  agen t s  wh ich  ra ise  c A M P  levels 
i n h i b i t  t h e  an t i gen - i nduced  release of h i s t a m i n e  a n d  S R S  
f rom t h e  l eukocy tes  a n d  lung  of sens i t ized  i nd iv idua l s  7-10 
a n d  t he  release of h i s t a m i n e  f rom pe r i t onea l  m a s t  cells b y  
c o m p o u n d  48-8011,1~. 

The  b i n d i n g  a n d  e n g u l f m e n t  oi a n t i b o d y - c o a t e d  par t ic les  
b y  m a c r o p h a g e s  ( immunolog ica l  phagocytos i s )  has  been  
s h o w n  to  be  u specific p h e n o m e n o n  m e d i a t e d  b y  t he  
p resence  of r ecep to r  s i tes  on  m a c r o p h a g e  m e m b r a n e  for  
t he  Fc  p a r t  of t h e  a n t i b o d y  molecule  ~3. The  i n t e r a c t i o n  
be tween  t h e  c o m b i n i n g  s i tes  of t h e  i m m u n o g l o b u l i n  
molecule  w i t h  t h e  an t igen ,  resul t s  in  con f igu ra t iona l  
changes  in t he  Fc  region w i t h  s u b s e q u e n t  a c t i v a t i o n  of 
t h e  in t r ace l lu l a r  ac tomyos in - l ike  mic ro f i l amen t s  ~* a n d  
p h o s p h o r y l a t i o n  of m i c r o t u b u l a r  p ro t e in s  ~s. A l t h o u g h  t h e  
poss ible  role of c A M P  in p h a g o c y t i c  cell f unc t i on  ha s  
a l r eady  been  sugges ted  ~, i ts  real  m e a n i n g  has  n o t  ye t  

been  eva lua ted .  I n  t h i s  c o m m u n i c a t i o n  we p r e sen t  t he  
resu l t s  of e x p e r i m e n t s  car r ied  ou t  w i t h  d rugs  ac t ive  on 
phosphod ie s t e r a se  a n d  t h e i r  in f luence  on  endocy tos i s  b y  
mouse  pe r i t onea l  mac rophages .  

Materials  and  methods. R a n d o m - b r e d  S W  a d u l t  female  
mice  were used. Sheep red  b lood  cells (SRBC) an t i -  
s e rum was o b t a i n e d  a f t e r  r epea t ed  i.v. i n j ec t i on  of 0.1 m l  
of 1 • 10S/ml S R B C  suspens ion  in to  mice.  y-globul ins  were 
p r e c i p i t a t e d  w i t h  a m m o n i u m  su l fa te  a t  33% sa tu r a t i on .  

1 J. G. HARDMAN, G. A. ROBINSON a n d  E. W. SUTHERLAND, A. Rev.  
Physiol. 33, 311 (1971). 

2 C. S. Ann and I. N. ROSENBERG, Endocrinology 86, 396 (1970). 
3 A. BDOLAH and M. SCHRA~, Biochem. biophys. Res. Commun. 78, 

452 (1965). 
4 N. FLEISCHER, R. A. DONALD a n d  R. W. BUTCHER, Am.  J .  

Physiol. 217, 1287 (1969). 
5 R. M. MACLEOD and J. E. LEHMEYER, Proc. natn. Aead. Sci., USA 

67, 1172 (1970). 
6 N. H.  BELL, J .  clin. Inves t .  49, 1368 (1970). 
7 L. IV[. LICHTENSTEIN and S. MARGOLIS, Science 161,902 (1968). 
2 H. R. BOURNE, K. L. MELMON and L. IV[. LICHTENSTEIN, Science 

173, 743 (1971). 
9 E. S. ASSEN and H. O. SCnILD, Nature, Lond. 22d, 1028 (1969). 

10 I. IsnIZAKA, K. ISHIZAKA, ~ .  P.  ORANGE a n d  K. F.  AUSTEN, Fedn .  
Proc. 29, 575 (1970). 

11 E. S. ASSEN and A. W. RICHTER, Immunology 21, 729 (1971). 
12 L. F.  LOEFFLER, W. LOVENBERG a n d  A. SJOERDSMA, Biochem.  

Pharmac. 20, 2287 (1971). 
13 A. BERKEN and B. BENACERRAE, J .  exp. Med. 123, 119 (1966). 
14 A. C. ALLISON, P. DAVIS and S. PETRIS, Nature New Biol. 232, 153 

(1971). 
15 G. WEISSMANN, R. B. ZURIER and S. HOFESTEIN, Am. J. Path. 68, 

539 (1972). 

160 10-S 
% m 

120 

10 -4 

o 8O 
r 

8 
E 
2 

._g 40 10_610_ 5 

?, 
-o 

10~ 7 
g 0 

8 

"~ -40 

g 

-80 

Imidazol 

-120 

-4 

10 -6 

104 

lO -7 B B B B  
lO -6 lo-Se B 

lO-4B 
lO-3 

Control I1!i!o!   ~ 
10-7 10-8 

~! ~:...': -:~. .?. 

10 . _ 1 i~: i~ 
10 104 106 10510  

3',5'-AMP 

10-3 

Phenylimido- Theophylline 5 - A M P  2-Dichloro- 
thiazol adenosine 

Immunologic phagocytosis of SRBC by mouse peritoneal macrophages in the presence of drugs which inhibit or enhance phospho- 
diesterase activity. 
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The 7S immunglobul in  was separated by chromatog-  
raphy  in Sephadex G-200 and DEAE-cel lu lose  column. 
Per i toneal  macrophages were harves ted  by inject ing 3 ml 
of heparinized Hanks '  solution into the  per i toneal  cav i ty  
of exsanguinated  mice. 2/~ 0 of a suspension conta ining 
1 •  ~ cells/ml were added to wells of acrylic rings 
a t t ached  to microscopic slides and incubated  at  22-24 ~ 
for 60 min. The adherent  macrophages  were washed and 
0.2 ml of sensitized SRBC wi th  7S an t ibody  (EA-7S) 
conta ining the  drugs were then  added to each welI. Af ter  
incubat ion  for 30 rain at  22-24 ~ the  slides (test and con- 
trol) were kept  for 45 sec in Hank ' s  solution di luted 1/5 
wi th  water  to affect lysis of bound bu t  non-ingested SRBC. 
The macrophages  were fixed wi th  glutaraldehyde,  t rea ted  
wi th  benzidine-H202 mix ture  for e ry throcytes  s taining 
fol lowed by \ u  staining. The number  of macrophages  
wi th  S R B C  phagocyt ized  in r andomly  microscopic f~elds 
was es t imated  by scoring 200 macrophages in dupl icated 
slides. Drug  di lut ion inducing more t h a t  10% of cells 
t ak ing  up T rypan  blue were discarded. Solutions of the  
drugs were prepared each day before use in Hanks '  solu- 
tion, wi th  the  final p H  adjus ted  to 7.4 .The following 
drugs were used:  theophyll ine,  3",5'-AMP, 5 '-AMP, 2- 
chtoradenosine,  imidazol  and phenyl imidothiazol .  

Results and discussion. The results are summarized in 
the  Figure.  The  drugs recognized as capable  of raising 
the  levels of intracel lular  cAMP through  a blockade of the  
phosphodiesterase ac t iv i ty  showed a po ten t  inhibi t ion of 
phagocytosis .  I n  contras t  the  drugs capable of reducing 
the levels of intracel lular  cAMP by ac t iva t ion  of phospho- 
diesterase, such as imidazol  and phenyl imidothiazol ,  were 
found to be po ten t  s t imulators  of phagocytosis .  

The  al terat ions in cellular cAMP levels dur ing phago- 
cytosis, and the  influence of adenyl  cyclase, specially in 
PMN leukocytes,  have  been the  subject  of recent  contro-  
versy. Concentrat ions of cAMP above 10 -4 M induced by 
theophyll ine,  or pros taglandine  and theophyll ine,  have  
the  capac i ty  to  re tard  the  phagocytosis  of l~5I-labelled 
kea taggregated  B S A  by  mouse per i toneal  macrophages,  
whereas very  low concentra t ions  of cAMP (10 -~~ M) 
s t imula ted  the  t ak ing  up of these par t ic les~ .  These da ta  
are compat ib le  wi th  the  hypothesis  t ha t  cAMP m a y  
exer t  a byphasic  effect on endocytosis .  I t  was also found 
t h a t  increased levels of intracel lular  cAMP inhibi ted 
lysosomal enzyme release of P M N  leukocytes  exposed 
ei ther  to part icles of zymosan or to immune  precipitates.  
This f inding raised a possible analogy between the  inhibi-  
tory  effects of cAMP on lysosomal enzyme release and on 
his tamine  l iberat ion ~5. I t  was demons t ra ted  tha t  h igh 
intracel lular  levels of cAMP impai r  granulocytes ' s  abi l i ty  
to kill C. albicans and tha t  this effect could be consistent-  
ly obta ined wi th  theopyl l ine  1~. I t  has been suggested tha t  
at  least  one consequence of raising the  level  of cAMP 
wi th in  ceils is to impede  the  traffic of lysosomes to the  
phagocyt ic  vacuoles,  re tarding signif icant ly the  extrusion 
of acid hydrolases~5. I t  is generally assumed t h a t  peri to-  
neal  macrophages  usual ly  uti l ize energy f rom glycolysis for 
phagocytosis  and t h a t  ox ida t ive  pa thways  m a y  also be 
used ~7 Since the  only  events  common to both  glycolysis 

and respira t ion are synthesis  of A T P  from ADP,  and 
oxida t ion  and reduct ion  of NAD,  it  has been widely  
inferred t h a t  membrane  invag ina t ion  and par t ic le  inte- 
r iorizat ion dur ing endocytosis  are processed through ATP.  
Thus, the  energy required to induce membrane  exci ta t ion,  
for ac t iva t ion  of the  intracel lular  actomyosin- l ike  micro- 
f i laments  1~ and phosphoryla t ion  of tubul in  1~, are provided  
by ATP.  The results described herein showing tha t  
engul fment  of an t ibody-coa ted  ery throcytes  proceed 
op t imal ly  in condi t ions  in which the  macrophages  cAMP 
conten t  is lower, indicate  t h a t  the  modula t ion  of this 
process m a y  follow the  same mechan ism as h is tamine  
release f rom leukocytes~,S, n, 12. Accordingly,  a decrease 
in the  cAMP level of macrophages  m a y  follow the  interac-  
t ion of the  receptor  located on cell surface wi th  the  Fc  
por t ion  of immunoglolul ins  after  an t igen-an t ibody  com- 
binat ion.  A direct  de te rmina t ion  of cAMP conten t  in 
macrophages  undergoing immunologica l  phagocytosis  
has, however,  to be made  before a final conclusion can be 
drawn on its role in this  process. I t  has recent ly  been 
proposed ~s t h a t  in a number  of cell types,  cyclic 3', 5'- 
guanosine monophospha te  (cGMP) promotes  cel lular  
events  t ha t  are antogonis t ic  to those bel ieved to be 
media ted  by cAMP. The influence of cGMP on macrophage  
phagocytosis  is now being s tudied in our l abora tory  19. 

Zusammen/assung. Nachweis,  dass Drogen, die einen 
Anstieg des cAMP-Gehal ts  der Makrophagen durch Ver- 
h inderung der Phosphodiesterase  hervorrufen,  die immu-  
nologische Phagozytose  verhindern.  Anderersei ts  abe t  
wird die Phagozytose  du tch  Drogen gef6rdert,  welche den 
cAMP-Gehal t  der Makrophagen herabsetzen.  
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S t i m u l a t i o n  of H u m a n  L y m p h o c y t e s  in v i tro  by Bacter ia l  H y d r o l y s a t e s  1 

Various antigenic components  of microorganisms,  
such as streptolysins,  s taphylococcal  f i l t ra te  and tuber-  
culine amongs t  others have  been repor ted  to induce 
lymphocy te  blastogenesis in vi tro2,  a. The  mitogenic  
ac t iv i ty  of non- immunogenic  subtract ions  of such 
substances,  however,  has no t  ye t  been sys temat ica l ly  

analyzed.  This paper  reports  the  p roper ty  of a bacter ia l  
hydro lysa te  wi th  a molecular  weight  below 10,000 to 
s t imula te  human  lymphocytes  in vitro.  

Material and methods. Per iphera l  venous blood lympho-  
cytes were obta ined f rom 16 hea l thy  male volunteers  at  
weekly  intervals  for 8 weeks. L y m p h o c y t e  separat ion 


