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Both osteoclast-activating factor (OAF) and prostaglandins are potent local media- 
tors o f  bone resorption (1-3). Both of  these factors are produced by cells involved in 
immune  responses and  are potential  mediators of  the bone destruction associated with 
diseases such as rheumato id  arthritis, periodontal  disease, and cholesteatoma (4). 
They  m a y  also be produced at the site of  metastatic bone lesions. Their  interactions 
at bone resorbing sites therefore may  be impor tant  in the bone resorption which is 
associated with a variety o f  inf lammatory  and  neoplastic diseases. To  test if O A F  
product ion  is dependent  on prostaglandins,  we have examined the effects o f  a number  
of  structurally unrelated inhibitors of  prostaglandin synthetase on the product ion of  
O A F  by phytohemagglu t in in- (PHA) activated h u m a n  peripheral blood leukocytes. 
The  product ion of  O A F  was inhibited by indomethacin,  R020-5720 and flufenamic 
acid. Inhibi t ion o f  O A F  product ion by these agents was reversed by adding  prosta- 
glandins of  the E series back to the leukocyte suspension. These results indicate that  
prostaglandin synthesis is necessary for O A F  production. 

M a t e r i a l s  a n d  M e t h o d s  
Peripheral blood leukocytes were obtained from plateletpheresis donations from normal 

volunteers at the Connecticut Red Cross in Farmington, Conn. 5 ml of 5% dextran was added 
to the plasma-leukocyte-red mixture and the leukocyte huffy coat was separated from the 
sedimented erythrocytes. Leukocytes were cultured at a concentration of 1 × 10 s cells/ml in 
BGJ medium (5) (Grand Island Biological Co., Grand Island, N. Y., formula 78-0088) without 
added serum. PHA-M 1% (Grand Island Biological Co.) was used to stimulate the leukocyte 
cultures. The leukocytes were cultured for 24-72 h. At the end of the culture, the supernates 
were removed by gentle aspiration and frozen at -20°C until OAF assay. After the supernates 
were removed, the leukocytes were pulsed with [aH]thymidine or all-amino acids for 4-6 h 
according to the methods previously described (5). The inhibitors of prostaglandin synthesis 
which were used were indomethacin, d,-l-6-choromethyi-carbazole-2-acetic acid (R020-5720) 
(Hoffman-LaRoche, Inc., Nutley, N. J.) and flufenamic acid (Aldrich Chemical Co., 
Metuchen, N. Y.). Each of these structurally unrelated drugs inhibits prostaglandin synthesis 
at these concentrations (6-8). These agents were added to the leukocyte culture suspensions 2 
h before activation of the leukocytes with PHA. 

Bone resorbing activity was assayed in the leukocyte supernates by methods similar to those 
which have been previously described (5, 9). Pregnant mice at the 16th-day of gestation were 
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TABLE I 

Effects of Prostaglandin Synthetase Inhibitors on [3H]Thyrnidine ([aH]TdR) and 3H-Amino Acid 
(3H-AA ) Incorporation and OAF Production by Leukocytes 

OAF production 
PHA Inhibitors (10 -8 M) [SH]TdR incorpora- aH-AA incorpo- (treated/control 

tion ration ratios of 45Ca re- 
lease) 

Exp. 1 

Exp. 2 

Exp. 3 

1% cpm cpm 
+ - -  3,094 :t: 411" 4,699 ± 744* 1.72:1: 0.13" 
+ Indomethacin 2,928 ± 133" 3,501 ± 468* 1.05 :t: 0.125 
- - -  1 , 1 2 5  ± 48 1,111 ± 91 1.10 ± 0.11 
- Indomethacin 1,222 ± 30 974 ± 25 0.80 ± 0.06 

+ - -  38,564 ± 2604* 4,008 ± 211" 1.95 zt: 0.17" 
+ R020-5720 24,374 ± 2407* 6,063 ± 245* 1.00 ± 0.04:1: 
- - -  1,254 ± 43 1,053 ± 11 1.13 ± 0.12 
- R020-5720 1,185:1:123 1,651 ± 28 1.18 + 0. t6 

+ - -  4,410 :t: 263* 6,862 ± 447* 1.76 ± 0.06* 
+ Flufenamic acid 6,708 ± 332* 6,809 ± 417" 1.00 ± 0.055 
-- - -  1,410 ± 84 2,001 + 130 0.98 + 0.03 
-- Flufenamic acid 1,307 ± 52 1,855 ± 53 0.90 ± 0.03 

The inhibitors were added to the leukocyte cultures 2 h before PHA. The leukocytes were then cultured 
for 48 h. Values for [aH]TdR and aH-AA incorporation are means ± standard errors for three leukocyte 
cultures. Values for OAF production are means ± standard errors for four bone cultures. 

* Significantly greater than corresponding control, P < 0.05. 
$ Significantly different from stimulated cultures without inhibitor, P < 0.05. 

injected subcutaneously with 0.05 mCi of 45Ca. The  next day the fetuses were removed and the 
mineralized shafts of the radii and ulnae were dissected free from surrounding subcutaneous 
soft tissue and the cartilagenous ends. The  bones were cultured in control media for 24 h to 
allow for exchange of loosely complexed 45Ca with stable calcium in the medium. The bones 
were then cultured with the leukocyte culture supernates for 72 h and bone resorbing activity 
was assessed as the percent of total radioactivity released from the bones into the culture 
medium during the period of culture. The  leukocyte culture supernates were diluted 1:1 with 
fresh medium before assay for bone resorbing activity. Bone resorbing activity was also expressed 
as ratios o f ~ C a  release from the test bones compared with corresponding paired bones cultured 
in control media. Four bones were used in each test group and differences were assessed using 
Student's t test. 

R e s u l t s  a n d  D i s c u s s i o n  

E a c h  o f  t he  s t ruc tu ra l l y  u n r e l a t e d  inh ib i to r s  o f  p r o s t a g l a n d i n  syn the ta se  i n h i b i t e d  

the  p r o d u c t i o n  o f  O A F  by  leukocytes  at  10 -5 M ( T a b l e  I). In the  s a m e  expe r imen t s ,  

these  d rugs  d id  no t  inh ib i t  p ro te in  o r  D N A  synthesis  by  the  leukocytes  as m e a s u r e d  

by  the  i n c o r p o r a t i o n  o f  a l l - a m i n o  acids  o f  [ a H ] t h y m i d i n e  in to  the  cells. T h e  inh ib i to ry  

effects o f  these  d rugs  on  O A F  p r o d u c t i o n  were  o b t a i n e d  wi th  c o n c e n t r a t i o n s  as low as 

10 -7 M (da t a  no t  shown) .  A l t h o u g h  each  of  these d rugs  i n h i b i t e d  O A F  p r o d u c t i o n ,  

t hey  h a d  no effect on  the  b io log ica l  ac t iv i ty  due  to O A F  w h e n  they  were  a d d e d  to 

O A F  c o n t a i n i n g  m e d i a  in c o n c e n t r a t i o n s  o f  10 -5 M.  O A F  p r o d u c t i o n  was res tored by 

a d d i n g  p r o s t a g l a n d i n s  o f  the  E series t oge the r  w i th  i n d o m e t h a c i n  to the  leukocytes  

be fore  the  leukocytes  were  a c t i v a t e d  w i t h  P H A  ( T a b l e  II). S i m i l a r  effects were  seen 

w i t h  b o t h  p ros tag land in -E1  a n d  pros tag land in-E2 .  H o w e v e r ,  p ros tag land in -F l~  a n d  
-F2, h a d  no s igni f icant  effect on res to ra t ion  o f  O A F  act iv i ty .  P ros t ag l and ins  were  
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TABLE II 
Restoration of Leukocyte Production of OAF by Addition of Prostaglandin E1 (PGE1) to the Cultures 

Treated with Indomethacin ( Indo), an Inhibitor of Prostaglandins Synthesis 

Source of media applied to bone cultures 
Bone resorbing activity (treated/control ratios) 

Before diafihration After diafihration 

Indo, PGEI, PGEj, PHA-act lk 
10 -n M 10 -8 M 10 -1 M 

- - - + 1.82 ± 0.37* 1.54 + 0.08* 
+ -- -- + 0.89 ± 0.02 1.13 ± 0.05 
+ + -- + 2.47 ± 0.43* 1.75 :l: 0.06* 
+ -- + + 1.84 .± 0.41" 1.68 ± 0.09* 
- + -- -- 2.81 ± 0.48* 0.99 ± 0.02 
- -- + -- 1.97 ± 0.02* 1.06 ± 0.03 

The prostaglandins and indo were added to the leukocytes 2 h before the addition of PHA. The leukocytes 
(lk) were then cultured for 48 h. The Ik culture supernates were assayed for bone resorping activity before 
and after diafihration to remove the prostaglandins. 
Values are means ± SEM for four pairs of bone cultures. 

* Significantly greater than 1.0, P < 0.05. 

r emoved  from the leukocyte-condi t ioned  m e d i a  before assay for bone  resorbing 
act iv i ty  by  d ia f i l t ra t ion  (uhraf i l t ra t ion  with  cont inuous  rep lacement  of  the  fi l tered 
vo lume with  10 vol of  fresh media)  across an  Amicon  UM2 m e m b r a n e  (Amicon Corp. ,  
Lexington ,  Mass.) ,  which  has a nomina l  tool wt cut-off  of  1,000 dal tons.  Res tora t ion  
of  O A F  produc t ion  indicates  tha t  p ros tag land in  synthesis by  the  leukocyte  cul tures  is 
necessary for O A F  to be produced .  

A n u m b e r  of  studies have ind ica t ed  tha t  p ros tag landins  may  be endogenous  
modu la to r s  of  ce l l -media ted  i m m u n e  responses and  lymphok ine  product ion .  Prosta-  
g landins  have been shown to bo th  s t imula te  and  inhibi t  the p roduc t ion  o f  different 
lymphokines .  Most  o f  the descr ibed effects of  p ros tag landins  on lymphok ine  produc-  
t ion have been inhibi tory .  Large  concent ra t ions  of  p ros tag land ins  have  been shown 
to inhib i t  mac rophage  migra t ion  inhib i t ion  factor  p roduc t ion  by  gu inea  pigs (10, 1 1), 
mi togen- induced  s t imula t ion  of  mur ine  lymphocytes  (12) a n d  h u m a n  leukocyte 
inh ib i to ry  factor p roduc t ion  (13). Goodwin  et al. have suggested tha t  p ros tag land in  
p roduc t ion  by  glass-adherent  cells inhibi ts  T-cel l  mitogenesis  (14). In contrast ,  pros- 
t ag landins  of  the E series a p p e a r  to be necessary for the p roduc t ion  of  a factor by 
ac t iva ted  leukocytes which  increases vascular  pe rmeab i l i ty  (15). Now we have shown 
tha t  p ros tag land ins  are  also necessary for the p roduc t ion  o f  ano the r  lymphokine ,  
OAF.  

The  cell source of  p ros tag land ins  necessary for O A F  produc t ion  in our  exper iments  
is likely to be the  monocyte .  T h e  monocyte  is the p r inc ipa l  PGE-p roduc ing  cell in 
h u m a n  per iphera l  b lood (16). T h e  presence of  monocytes  in the leukocyte popu la t ion  
is necessary for O A F  produc t ion ,  bu t  not  for leukocyte ac t iva t ion  (17). Nonadhe ren t  
lymphocytes  devoid  of  monocytes  which are incuba ted  with P H A  synthesize D N A  
and  prote in ,  bu t  do not  release O A F  (17). T cells a lone require  the presence of  
monocytes  in order  to release O A F  af ter  ac t iva t ion  with  P H A  (18). O u r  d a t a  repor ted  
here suggests tha t  the  synergy between the monocyte  and  the lymphocy te  in the 
p roduc t ion  of  O A F  m a y  be med ia t ed  by  pros taglandins .  

Regardless  of  the mechan i sm of  the  in terac t ion  between pros tag landins  and  leu- 
kocytes in O A F  produc t ion ,  our  d a t a  indica te  tha t  p ros tag landins  are  necessary for 
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the production of OAF by stimulated leukocytes, but they are not essential for 
leukocyte activation as assessed by DNA or protein synthesis. These data also clearly 
show that responses to indomethacin and related drugs do not prove a prostaglandin- 
mediated mechanism of bone resorption in animals or in patients with hypercalcemia. 

S u m m a r y  

The production of osteoclast-activating factor (OAF) by normal human peripheral 
blood leukocytes stimulated by phytohemagglutinin was inhibited by a series of 
structurally unrelated inhibitors of prostaglandin synthetase. Inhibition of OAF 
production by these agents was reversed by adding prostaglandins of the E series back 
to the leukocyte suspension. These results indicate that prostaglandin synthesis is 
necessary for OAF production. 

Received for publication 24 October 1978. 
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