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A h u m a n  p romye locy t i c  cell l ine,  HL-60, t r e a t e d  wi th  a c t i v i n / E D F  w a s  f o u n d  to 

d i f f e r en t i a t e  i n to  m o n o c y t e / m a c r o p h a g e - l i k e  cells.  T h i s  w a s  s h o w n  no t  on ly  b y  

m o r p h o l o g y  b u t  by  t he  loss  of mye loperox idase  g r a n u l e s  a n d  t he  a p p e a r a n c e  of  n o n -  

specif ic  e s t e r a s e .  D o s e - d e p e n d e n t  i n h i b i t i o n  of t he  d i f f e r en t i a t i on  b y  fo l l i s ta t in ,  a n  

a c t i v i n - b i n d i n g  p ro t e in ,  c o n f i r m e d  t h a t  i t  w a s  i n d e e d  c a u s e d  b y  ac t iv in .  T h u s ,  

a c t i v i n / E D F  e x e r t s  i t s  e f fec t  o n  h e m a t o p o i e t i c  c e l l s  n o t  o n l y  o n  e r y t h r o i d  

d i f f e ren t i a t ion  b u t  a lso on  a t  l eas t  a p a r t  of myelo id  cell d i f fe rent ia t ion .  ® ~992 

Academic Press, inc. 

Activin was first  purif ied from ovar ian fluid based  on the  

activities to st imulate the secretion of follicle s t imulat ing hormone  

(FSH} from p i tu i t a ry  gland (1-3). More recent ly ,  a factor  was 

isola ted from the THP-1 h u m a n  monocy t i c  l e u k e m i a  cell line 

t r ea t ed  wi th  12-0- te t radecanoy l  phorbol  13-ace ta te  (TPA) t h a t  

i n d u c e s  d i f f e r e n t i a t i o n  of m o u s e  f r i e n d  l e u k e m i a  cell  a n d  

designated as erythroid differentiation factor (EDF) (4). EDF was 

found to be identical with activin by the analysis of amino acid 

sequences  from purified protein. Activin belongs to the TGF-~ 

family (5) tha t  may play important  roles in development and cell 
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different iat ion in var ious  sys tems.  Recently, activin is shown to 

par t ic ipa te  in a n u m b e r  of cel lular  events ,  i nc lud ing  m e s o d e r m  

i n d u c t i o n  in  e a r l y  a m p h i b i a n  d e v e l o p m e n t ,  t h e  n e u r a l  

d i f f e r e n t i a t i o n  of  P19 m o u s e  e m b r y o n a l  c a r c i n o m a  cel ls  a n d  

re t inoic  acid (RA)-dependent  d i f ferent ia t ion  of os teob las t ic  cell line 

MC3T3-E1 (6-9). 

HL-60 cells  are  a h u m a n  p r o m y e l o c y t i c  cell l ine  t h a t  was  

i s o l a t e d  f r o m  a p a t i e n t  w i t h  a c u t e  m y e l o i d  l e u k e m i a  a n d  

d i f ferent ia te  in  v i t ro  to a var ie ty  of cell types  (10,11). For  example,  

a l l - t r ans - re t ino ic  acid (RA), a c t i nomyc in  D, p r o s t a g l a n d i n  E and  

d imethy lsu l fox ide  (DMSO) induce  HL-60 cells to d i f ferent ia te  into 

m a t u r e  granulocytes .  Other  induce r s  s u c h  as TPA, v i tamin  Da, 

d i f f e r en t i a t i on - induc ing  fac tor  (DIF), t u m o r  necros i s  fac tor  (TNF) 

a n d  i n t e r f e r o n -  T (INF-~) b r i n g  a b o u t  d i f f e r e n t i a t i o n  i n t o  

m o n o c y t e / m a c r o p h a g e - l i k e  ceils. Al though  act ivin was  shown  to 

specif ical ly b ind  to non -e ry th ro id  HL-60 cells (12), i ts effect on 

these  cells was  no t  so far reported.  In th is  paper ,  we descr ibe the  

ident i f ica t ion  of act ivin receptor  expressed  on HL-60 cells and  the  

e f f e c t  of  a c t i v i n  a s  a d i f f e r e n t i a t i o n  i n d u c e r  t o w a r d  

monocyte  / macrophage- l ike  cells. 

MATERIALS AND METHODS 

Cell Culture:  HL-60 cell was  suppl ied  from J a p a n e s e  Cance r  
R e s e a r c h  R e s o u r c e s  B a n k  (JCRB). Cells were  i n c u b a t e d  in a- 
min imal  essent ia l  m e d i u m  (GIBCO, USA) conta in ing  10% fetal calf  
s e r u m  (KC Biologicals) at  37°C in a humidi f ied  a tmosphe re  of 5% 
COa. 

Peptide:  R e c o m b i n a n t  h u m a n  fo l l i s t a t in  a n d  ac t iv inA were  
purif ied from CHO cell cu l ture  s u p e r n a t a n t  as described previously 
(13). 

125I-labeling of  ac t iv inA:  Act iv inA w a s  r a d i o i o d i n a t e d  w i t h  
c h l o r a m i n - T  as  desc r ibed  (14}. Specific r ad ioac t iv i ty  of l abe led  
act ivinA was  10 ,000-15 ,000  c p m / n g .  125I was  p u r c h a s e d  f rom 
NEN. 

Scatchard plot analysis: The b i n d i n g  a s s a y  of  125I-labeled 
acUvinA was  descr ibed (15). 

Activin treatment:  HL-60  cel ls  were  t r e a t e d  w i t h  v a r i o u s  
concen t ra t ions  of activinA. Medium was changed  every 3 days.  A 
series  of s t a in ing  for a s s e s s m e n t  of cell d i f ferent ia t ion were applied 
onto act ivin- t reated cells or non t r ea t ed  cells a t  day  4-10. 

Cytochemical  assays: The cells  were  s t a i n e d  w i t h  d i f f e r e n t  
reagen ts  according to the  m a n u f a c t u r e r ' s  protocols.  Wright  so lu t ion  
a n d  Giemsa  so lu t ion  were ob ta ined  f rom Wako Pure  Chemica l s .  
R e a g e n t s  for nonspec i f i c  e s t e r a se  and  m y e l o p e r o x i d a s e  s t a i n i n g  
were p u r c h a s e d  from Muto Pure Chemicals .  
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R E S U L T S  AND D I S C U S S I O N  

First ,  we examined  the presence  of high aff ini ty b ind ing  sites 

for act ivinA on promyelocyt ic  cell line HL-60 cells by  S c a t c h a r d  

plot ana lys i s  (Fig. 1). Al though the  existence of specific b inding  of 

act ivinA on HL-60 cells was  repor ted  by  c o m p a r i s o n  wi th  o the r  

cells,  de t a i l ed  d a t a  on the  b i n d i n g  a f f in i ty  a n d  the  n u m b e r  of 

receptor  per  cell were lacking.  Fig. 1 shows t h a t  HL-60 cells have 

abou t  2000 s i tes /ce l l  for activinA specific b inding  wi th  the  Kd value  

of 0 .34  nM. HL-60 cells exp re s sed  on ly  the  h igh  a f f in i ty  type  

receptor  in con t r a s t  to P19 embryonic  ca rc inoma  cells hav ing  the  

h igh  a n d  the  low aff ini ty receptors .  The presence  of act ivin specific 

b ind ing  si tes on cell sur face  sugges t s  some physiological  role of 

ac t iv in  on HL-60 cells.  We the re fo re  i nves t i ga t ed  the  effect  of 

activin on cell growth and  differentiat ion in HL-60. 

Fig.2 shows tha t  activin inhibi ted the  growth of HL-60 cells by  

20% at  l nM and by 35% at 10nM when examined at  day  4. 

Mic roscop ic  e x a m i n a t i o n  s h o w e d  a d e c r e a s e  of a z u r o p h i l e  

g ranu les ,  a charac te r i s t i c  s t r u c t u r e  of HL-60 cells recognized by  

Wr igh t -G iemsa  s ta in ing .  Since the  HL-60 cells d i f fe ren t ia te  in to  

d i f fe ren t  cell types  wi th  specific b iochemica l  cha rac t e r i s t i c s ,  we 
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FiR. 1. Scatchard plot analysis of 125I-labeled activinA binding to 
human promyelocytic HL-60 cells. Binding affinity of receptor can be 
compared directly from the slope. The ratio of vertical to horizontal 
axis is identical for all plots. 

Fig. 2. Growth of HL-60 cells in the absence ( O ) or the presence 
(lnM: /x ), (10nM: • ) of activinA. Cells were seeded at 3x104/ml 
and cell number was counted every day. 
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a s s a y e d  va r ious  enzyme  activit ies by  his to logical  s ta in ing .  HL-60 

cei ls  a re  k n o w n  to have  a h igh  m y e l o p e r o x i d a s e  ac t iv i ty  w h i c h  

d e c r e a s e s  w i t h  d i f f e r e n t i a t i o n .  T h e  ce l l s  w e r e  g r o w n  in  t h e  

m e d i u m  with  or w i thou t  activinA and  were  s t a ined  for th i s  enzyme  

at  day  7. As shown  in Fig.3, HL-60 cells w i thou t  act ivin t r e a t m e n t  

were  s t a i ned  br ight ly ,  w h e r e a s  act ivin t r e a t ed  cells did no t  show 

any  myeloperoxidase  activity. 

N o n - s p e c i f i c  e s t e r a s e s  a re  a m o n g  o t h e r  m a r k e r s  of HL-60  

d i f f e r e n t i a t i o n .  H L - 6 0  ce l l s  a r e  p o s i t i v e  fo r  n a p h t h o l  AS-D  

ch lo roace t a t e  e s t e ra se  (CAE) as an  ind ica to r  of g ranu locy t i c  l ineage,  

b u t  a lmos t  negat ive for ~ -naph thy l  b u t y r a t e  es te rase  (ANBE) as an  

i n d i c a t o r  of  t h e  m o n o c y t i c  l i n e a g e .  T h e  r e s u l t s  of  t h i s  t e s t  

s u g g e s t e d  t h a t  HL-60 cells d i f f e ren t i a t ed  in to  m o n o c y t i c  cells  by  

t r e a t m e n t  wi th  0 .5nM activinA (data  no t  shown).  To conf i rm this ,  

Fig. 3. Effect of activin A treatment  on myeloperoxidase activity 
determined by the cytochemical method. HL-60 cells in the absence (A} 
or the presence {lnM:B} of activinA. Photomicrographs are taken at 
day 7. Dark stained cells in A are myeloperoxidase positive. 
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Fig. 4. Induction of a-naphthyl butyrate (non specific) esterase in HL- 
60 cells by activin. HL-60 cells were cultured in the absence (A) or 
the presence (lnM: B, C) of activinA. Esterase positive granules are 
seen in (B) and (C). 

HL-60 cells were t r e a t ed  wi th  l n M  activimA and  s t a i ned  for ANBE 

pos i t i ve  ce l l s  f rom d a y  4 t h r o u g h  d a y  10. ANBE pos i t i ve  cel ls  

inc reased  g radua l ly  as shown  in Fig.4 and  r eached  more  t h a n  50% 

by  10 days  a f t e r  ac t iv in  t r e a t m e n t ,  U n t r e a t e d  con t ro l  or  t h o s e  

t r ea t ed  by  o the r  i n d u c e r s  s u c h  as RA or DMSO did no t  show this  

act iv i ty  a t  all (data no t  shown).  The ANBE posi t ive s t a in ing  was  

inhib i ted  by  fluoride,  a s t rong  inhib i tor  of this  enzyme.  Also, the  

a d d i t i o n  of fo l l i s ta t in ,  ac t iv in  b i n d i n g  i n h i b i t o r y  p ro t e in ,  to t he  

c u l t u r e  m e d i u m  d o s e - d e p e n d e n t l y  i n h i b i t e d  t he  a p p e a r a n c e  of  

m y e l o p e r o x i d a s e  posi t ive  cells (Fig.5). This  conf i rms  t h a t  t he  effect  

of the  r e c o m b i n a n t  activinA is caused  by  activin itself. We conc lude  

from these  resu l t s  t ha t  act ivin ac ts  as an  d i f ferent ia t ion  i n d u c e r  on 

HL-60 cells pa r t i cu la r ly  towards  monocy t i c  l ineage. 

Previously,  Okabe-Kado  et  al.(16) r epor t ed  t h a t  act ivin h a d  no 

effect  on  HL-60  cells  b u t  w i t h o u t  s h o w n  da ta .  The  d i s c r e p a n c y  

be tween  the i r  and  our  conc lus ions  m a y  be due  to sub t le  d i f ferences  

in e x p e r i m e n t a l  p r o c e d u r e s  inc lud ing  c u l t u r e  cond i t i ons  or to the  

r e l a t i v e l y  mi ld  a c t i v i n  e f fec t  on  HL-60  cell  d i f f e r e n t i a t i o n .  To 

exc lude  the  poss ib le  change  in the  p h e n o t y p e s  du r ing  long t e r m  
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Fig. 5. Suppress ive  effect of follistatin on the differentiation of HL-60 
cells by  activinA. The concentra t ion of activinA was  lnM each and 
those  of follistatin were 0.1nM (A), lnM (B) and  10nM (C). Cells 
were  h a r v e s t e d  at  day  7 and  s t a ined  for mye loperox idase .  No 
myeloperoxidase  positive cells are seen in (C), while 18% and 95% 
myeloperoxidase positive cells are seen in (B) and (A), respectively. 

c u l t u r e ,  we  r e p e a t e d  t h e  s a m e  e x p e r i m e n t  w i t h  a n o t h e r  H L - 6 0  cel l  

l ine  f r e s h l y  o b t a i n  f r o m  t h e  cell  b a n k  of  J C R B  (see M a t e r i a l s  a n d  

M e t h o d s ) .  T h e  r e s u l t s  w e r e  t h e  s a m e .  

I t  w a s  r e p o r t e d  t h a t  H L - 6 0  c e l l s  p r o d u c e d  t h e  a c t i v i n  

t h e m s e l v e s  b y  TPA t r e a t m e n t ( 1 7 )  t h a t  i n d u c e d  d i f f e r e n t i a t i o n  to  

m o n o c y t e /  m a c r o p h a g e - l i k e  ce l l .  I t  i s  i n t e r e s t i n g  t h a t  a c t i v i n  

i n d u c e s  H L - 6 0  d i f f e r e n t i a t i o n  to  t h e  s a m e  d i r e c t i o n  a s  TPA.  A 

p o s s i b l e  m e c h a n i s m  m a y  b e  t h a t  a p a r t  o f  t h e  e f f e c t  o f  T P A  

i n d u c t i o n  in to  m o n o c y t i c  cel ls  is b o u r n e  o u t  b y  a u t o c r i n e  ac t iv in .  

R e c e n t l y ,  a c t i v i n  h a s  b e e n  s h o w n  to i n f l u e n c e  n o t  o n l y  F S H  

p r o d u c t i o n  ( and  s e c r e t i o n )  a n d  e r y t h r o i d  d i f f e r e n t i a t i o n ,  b u t  a l so  

n e u r a l  d i f f e r e n t i a t i o n ,  o s t e o b l a s t i c  d i f f e r e n t i a t i o n  (6,7) a n d  o t h e r  

d e v e l o p m e n t a l  s y s t e m s .  In  t h i s  r e p o r t  we  h a v e  s h o w n  t h a t  i t  c a n  

a c t  o n  t h e  d i f f e r e n t i a t i o n  o f  p r o m y e l o c y t e  i n t o  

m o n o c y t e / m a c r o p h a g e - l i k e  cell,  a n o t h e r  s y s t e m  of  n o n - e r y t h r o i d  

l i neage .  T h u s ,  a c t i v i n  is w i d e l y  u s e d  for  a n u m b e r  of  p h e n o m e n o n  

in v ivo  in  e a r l y  a s  well  a s  l a te  d e v e l o p m e n t  a n d  m a y  a c t  a s  a k e y  

m o l e c u l e  for  t h e  d e c i s i o n  of  cell  f a t e  in  d i f f e r e n t i a t i o n .  
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