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ABSTRACT 
Condi t ioned medi um from mi togen s t imu la ted  normal p e r i p h e r a l  b lood lymphocytes 

(PBL) has been demonstrated t o  con ta in  a  matu ra t ion  inducer  a c t i v i t y  med ia t ing  t h e  
d i f f e r e n t i a t i o n  o f  human myelo id  leukemia c e l l  s  t o  monocytes and macrophages. The 
matu ra t ion  inducer  a c t i v i t y  was i s o l a t e d  by s a l t  p r e c i p i t a t i o n ,  Sepharose CL-6B i o n  
exchange and a f f i n i t y  chromatographies and e lec t rophores is .  Two separate a c t i v i t i e s  
w i t h  M.W. ranges of 52-56 and 32-35 kDa capable o f  med ia t ing  t h e  t e r m i n a l  d i f f e r e n t -  
i a t i o n  o f  leukemic HL-60 promyelocytes t o  monocytes and macrophages were detected. 
The h igher  molecular  weight species was determined t o  be a 54 kDa s i n g l e  po lypep t ide  
and was found t o  be d i s t i n c t  f rom I L - 3  and I L - 6  by ELISA and d i f f e r e n t i a t i o n  b lock-  
i n g  assay. The induc ing  a c t i v i t y  o f  t h e  32-35 kDa m a t e r i a l  was l a r g e l y  n e u t r a l i z e d  
a f t e r  t reatment  w i t h  a n t i - I L - 3 ,  bu t  n o t  w i t h  o t h e r  a n i  bodies. Employing t h e  irnmuno- 
f l uo rescen t  an t ibody  technique, t h e  54 kDa p r o t e i n  was de tec ted  on t h e  sur face mem- 
branes of PBL. The p ropor t i ons  and number o f  ma tu ra t ion  ingucer  bear ing  lymphocytes 
i n  p a t i e n t s  w i t h  acute myelogenous leukemia (0.4% and 35/mm , r e g p e c t i v e l y )  were 
s i g n i f i c a n t l y  lower than t h a t  of h e a l t h y  donors (7.9% and 178/mrn ) The r o l e  o f  
these p h y s i o l o g i c a l  f a c t o r s  i n  leukemia c e l l  d i f f e r e n t i a t i o n  i s  discussed. 

INTRODUCTION 
Spec i f i c  human p h y s i o l o g i c a l  f a c t o r s  capable 

o f  i nduc ing  t h e  d i f f e r e n t i a t i o n  o f  human myelo id  
leukemia c e l l s  have been descr ibed s ince t h e  l a t e  
70 's .  I n i t i a l l y ,  an a c t i v i t y  f rom a c t i v a t e d  
normal human T c e l l s  was found t o  mediate t h e  
d i f f e r e n t i a t i o n  o f  human myelo id  leukemia c e l l s  t o  
mature monocytes and macrophages ( 1 ) .  It mediates 
a growth suppression o f  t h e  leukemia c e l l s  i n  
p a r a l l e l w i t h  an i n d u c t i o n  o f  t e r m i n a l l y  d i f f e r e n t -  
i a t e d  monocyt ic c e l l s .  Th is  a c t i v i t y  induces i n  
v i t r o  d i f f e r e n t i a t i o n  o f  leukemia c e l l s  from pa t -  
i e n t s  and from myelo id  c e l l  l i n e s  such as HL-60 
and U937 c e l l s  (1-3).  It does n o t  s t i m u l a t e  t h e  
growth o f  co lony forming c e l l s  and has been shown 
t o  be d i s t i n c t  f rom co lony s t i m u l a t i n g  f a c t o r s ,  
i n t e r f e r o n s  and tumor nec ros is  f a c t o r ,  e t c .  (1,4). 

S i m i l a r  mouse d i f f e r e n t i a t i o n  induc ing  f a c -  
t o r s ,  e f f e c t i v e  f o r  t h e  d i f f e r e n t i a t i o n  o f  mouse 
myelo id  leukemia c e l l s ,  have been descr ibed (5,6). 
Recent ly,  one o f  these a c t i v i t i e s  was cloned ( 7 ) .  
The na tu re  and q u a n t i t y  o f  human matu ra t ion  induc-  
i n g  a c t i v i t i e s  from normal lymphocytes have no t  
been c l e a r l y  e luc ida ted .  I n  t h i s  paper, we have 
attempted t o  determine t h e  number o f  ma tu ra t ion  
induc ing  f a c t o r s  and t o  i s o l a t e  them from a c t i v -  
a ted  normal lymphocytes. The i s o l a t i o n  o f  two 
such f a c t o r s  and t h e i r  comparison w i t h  o t h e r  hema- 
t o p o i e t i c a l l y  a c t i v e  f a c t o r s  a re  presented. 

MATERIALS AND METHODS 
I s o l a t i o n  o f  Ma tu ra t ion  Inducers. Serum f r e e  norm- 
a l  lymphocyte cond i t i oned  medium (CM) was used t o  
i s o l a t e  matu ra t ion  induc ing  a c t i v i t y :  E s s e n t i a l l y ,  
pe r iphera l  b lood lymphocytes (PBL) i bo la ted  from 
normal b lood were c u l t u r e d  a t  1 x 10 c e l l / m l  i n  
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RPMI 1640 w i t h  0.1% bovine serum a1 bumi n  and 0.8% 
phytohemagglut in in  ( 4 ) .  The c u l t u r e  medi um from 
3-4 day c u l t u r e s  was c o l l e c t e d  as CM. 

CM was concentrated us ing  a M i l l i p o r e  P e l l l  
i c o n  Cassette system w i t h  a  PTGC membrane (MW cu t -  
o f f  = 10 kDa). Concentrated CM was p r e c i p i t a t e d  
w i t h  50 % ammonium s u l f a t e  and then w i t h  70% 
ammonium s u l f a t e .  The 70% p r e c i p i t a t e  was d i a -  
l yzed  aga ins t  0.01 M T r i s  b u f f e r ,  pH 8.0, and then  
f r a c t i o n a t e d  on a DEAE-Sepharose CL-6B i o n  exchange 
column equi 1  i bra ted  w i t h  t h e  same b u f f e r .  A step- 
wise NaCl g rad ien t  was used. The 70% p r e c i p i t a t e  
was a l s o  d i a l y z e d  aga ins t  0 .1  M bora te  b u f f e r ,  pH 
8.5, and passed over an an t ibody  a f f i n t i y  column 
w i t h  r e a c t i  gel  6X (P ie rce  Chemical Co., Rockford, 
I L) coup1 ed w i t h  t h e  monoclonal r a t  a n t i  -maturat ion 
inducer  a n t i  body ( 3 ) .  The matu ra t ion  inducer  was 
e l u t e d  w i t h  1M NaC1. SDS-PAGE was c a r r i e d  ou t  w i t h  
a  10% acry lamide ge l  as descr ibed (8).  A f t e r  e lec -  
t rophores is ,  p r o t e i n s  were e x t r a c t e d  from t h e  ge l  
by e l u t i n g  ground exc ised areas o f  an unsta ined ge l  
w i t h  a  1% SDS i n  s a l i n e  s o l u t i o n .  
Assays. The 1 i q u i d  cu l tu re  assay w i th  human leu- 
kemia c e l l  l i n e  HL-60 promyelocytes ( 4 )  and ELISA 
assays were used t o  analyze the maturation indu- 
cer g c t i v i t y .  HL-60 c e l l s  were cu l tured a t  0.25 
x 10 cel ls/ml o f  RPMI medium w i th  15% FCS and 
various concentrations o f  the maturation inducer 
preparat ions. Cultures supplemented w i th  appro- 
p r i a t e  cont ro l  medium were ca r r ied  out w i th  each 
anal y s i  s. The development o f  monocytes/macro- 
phages, as determined by the acqu is i t i on  o f  mem- 
brance complement receptors, phagocytic funct ion, 
a-Naphthyl Acetate Esterase enzyme a c t i v i t y ,  
monocyte membrane a n t i  gen CD36, morphological 
charac te r i s t i cs  and c e l l  c  c l e  analysis,  were 
assessed as described (3,43. 

The prote ins were analyzed w i th  a  mouse 
monoclonal a n t i  -human IL-3 a n t i  body (Genzyme, 
Boston, MA), a  rabb i t  anti-human IL-6 antibody 
(Genzyme) and a monoclonal r a t  anti-human matur- 
a t i o n  inducer IgG (3 )  by the ELISA procedure. 
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The matura t ion  i nduc ing  prepara t ions  were a l s o  
incubated w i t h  theae an t i bod ies  f o r  1 h r  a t  3 7 ' ~  
and ove rn igh t  a t  4  C. These m ix tu res  o r  t h e  
a n t i  bodies alone, which were used as con t ro l s ,  
were then analyzed i n  t h e  HL-60 c e l l  d i f f e r e n t -  
i a t i o n  assay. 
Matura t ion  Inducer on Lymphocytes. Per fphera l  
b lood f rom heal t h v  donors and p a t i e n t s  w i t h  acute  
ii;logenous leuk&ia  (AML) was' reac ted w i t h  t h e  
monoclonal r a t  an t i -ma tu ra t i on  inducer  IgG. A1 1  
AML p a t i e n t s  were unt rea ted a t  t h e  t ime  o f  t h e  
s tydy .  The i r  w t ~ i t e ~ c e l l  count ranged f rom 1.65 x  
10 t o  3.3 x  10 /mm . The i n d i r e c t  f l uo rescen t  
an t ibody  technique was performed on an Ortho 50H 
c y t o f  1  uorograph, a1 1  owing f o r  g r a t i n g  t o  examine 
lymphocyte, monocyte and granu locy te  reg ions .  A 
f l uo rescen t  goat a n t i - r a t  IgG and a  F(abl  ) 
reagent were used as t h e  second a n t i  body. 2 ~ n  IgG 
p repa ra t i on  f rom a  nonimmunized r a t  was used i n -  
stead o f  t h e  an t i -ma tu ra t i on  inducer  an t ibody  as 
a  background c o n t r o l  . 
RESULTS 
I s o l a t i o n  o f  Matura t ion  Inducers.  Matura t ion  I n -  
ducer a c t i v i t y  was p u r i f i e d  f rom t h e  CM o f  m i t o -  
gen s t imu la ted  normal PBL and t h e  a c t i v i t y  was 
assayed by  t h e  d i f f e r e n t i a t i o n  i n d u c t i o n  o f  human 
HL-60 mye lo id  c e l l s .  The a c t i v i t y  was detec ted 
i n  t h e  50-70% ammonium su lphate  p r e c i p i t a t e  and 
i n  t h e  0.4 M NaC1 e l u a t e  from a  CL-6B i o n  exchange 
column and a f t e r  e l ec t ropho res i s  on, and ex t rac -  
t i o n  f rom a  nonreducing SDS ge l .  The matura t ion  
i nduc ing  a c t i v i t y  was detec ted i n  two molecu lar  
weight  ranges o f  52-56'kDa and 32-35 kDa where a  
major band was observed a t  34 kDa. The h igher  MW 
f r a c t i o n  reac ted w i t h  a r a t  IgG monoclonal a n t i -  
body aga ins t  t h e  matura t ion  inducer  a c t i v i t y  and 
a f f i n i t y  chromatography was employed f o r  f u r t h e r  
i s o l a t i o n .  

P u r i f i e d  matura t ion  i nduc ing  a c t i v i t y  was 
i d e n t i f i e d  i n  t h e  SDS ge l  e l u a t e  w i t h i n  t h e  MW 
range o f  52-56 kDa, as determined by both  t h e  b i o -  
assay and ELISA. F igure  1 shows t h a t  a  s i n g l e  
band was detec ted i n  t h i s  range and i t  possessed 
an apparent MW o f  54 kDa. SDS-PAGE o f  t h e  54 kDa 
p r o t e i n  under-reducing cond i t i ons  revea led  o n l y  
one band, i n d i c a t i n g  t h i s  i s  a  s i n g l e  po lypept ide  
chain w i t h  no subuni ts.  
D i f f e r e n t i a t i o n  A c t i v i %  A d d i t i o n  o f  t he  p u r i -  
f i e d  54 kDa p r o t e i n  o r  t h e  34 kDa p repa ra t i on  t o  
HL-60 c e l l s  produced gradual changes i n  t h e  c e l l -  
u l a r  c h a r a c t e r i s t i c s ,  i n d i c a t i v e  o f  d i f f e r e n t i a -  
t i c n - i n t o  monocytes and macrophages. As l i t t l e  as 
10 -'pg/ml of  t h e  54 kDa p r o t e ~ n  induced an 
observable development o f  monocyjjic c e l l  s w i t h  
op t ima l  a c t i v l t y  achieved a t  10 pg/ml. Matur- 
a t i o n  i n d u c t i o n  was observed f o r  t h e  34 kDa prep- 
a r a t i o n  a t  does as  lo^ as 2 x  10- pg/rnl..with an 
optimum dose o f  1.0 pg/ml . Table 1 presents  t h e  
r e s u l t s  o f  c e l l  c h a r a c t e r i s t i c  ana l ys i s  a t  op t ima l  
matura t ion  i n d u c t i o n  cond i t ions .  D i f f e r e n t i a t e d  
c e l l  s  acqui  red  phagocyt i  c  capac i t y  and membrane 
compl enent r ecep to rs  which increased w i t h  1  onger 

i n d u c t i o n  per iods .  The d i f f e r e n t i a t e d  c e l l  types,  
determined t o  be monocytes and macrophages by 
morphology w i t h  t h e  development o f  monocytic c e l l  
enzyme a-naphthyl  ace ta te  es terase a c t i v i t y ,  
showed an increase i n  p a r a l l e l  w i t h  a  decrease i n  
t h e  promye locy t ic  popu la t i on  (Table 1) .  The 
d i f f e r e n t i a t e d  c e l l s  a l so  acqu i red  t h e  monocyte 
membrane ant igen CD36, w i t h  approx imate ly  50% o f  
t r e a t e d  c e l l  s  t e s t i n g  p o s i t i v e  as de tec ted by  
immunofluorescence on day 5  compared t o  < 1% o f  
un t rea ted HL-60 c e l l  s. 

Along w i t h  t h e  development o f  mature c e l l s ,  
t h e  p r o l i f e r a t i o n  o f  t h e  c e l l  c u l t u r e s  became 
s t a t i c ,  l ead ing  t o  a  t e rm ina t i on  o f  these d i f f e r -  
e n t i a t e d  c e l l  s. The number o f  v i a b l e  c e l l s  i n  t h e  
d i f f e r e n t i a t e d  c e l l  c u l t u r e s  decreased as w e l l  as 
r e p l i c a t i n g  c e l l s  as determined by c e l l  c yc l e  anal-  
y s i s .  Approximately 83% of t r e a t e d  c e l l s  were i n  
G phase and 17% i n  t h e  p r o l i f e r a t i n g  phases SG M 
a4 compared t o  un t rea ted HL-60 c e l l s  which had 80% 
c e l l s  i n  G and 4 0 % S G M c e l l s .  

~ a b l e ' l  a l s o  show$ t h a t  t h e  34 kDa a c t i v i t y  
was blocked by  i ncuba t i on  w i t h  an a n t i - I L - 3  a n t i -  
body bu t  no t  w i t h  e i t h e r  a n t i - I L - 6  o r  t h e  a n t i -  
matura t ion  inducer  a n t i  bodies. By con t ras t ,  t h e  
54 kDa p r o t e i n  l o s t  i t s  d i f f e r e n t i a t i o n  a c t i v i t y  
when t r a t e d  w i t h  t h e  an t i -ma tu ra t i on  inducer  a n t i -  
body bu t  no t  w i t h  t h e  an t i bod ies  aga ins t  t h e  
i n t e r l e u k i n s .  These observa t ions  were conf i rmed 
w i t h  t h e  ELISA procedure. The 34 kDa p repa ra t i on  
reac ted o n l y  w i t h  t h e  a n t i - I L - 3  ant ibody,  wh i l e  
t h e  54 kDa p r o t e i n  reac ted w i t h  t h e  ant i -matur -  
a t i o n  inducer  an t ibody  alone. 
Matura t ion  Inducer on- Lymphocytes. The presence 
o f  t h e  54 kDa matura t ion  inducer  on lymphocytes 
was analyzed by  t h e  i n d i r e c t  f l uo rescen t  a n t i  body 
technique employing t h e  r a t  IgG monoclonal a n t i  - 
body aga ins t  t h e  human matura t ion  inducer .  D i f f -  
e r e n t i a l  g a t i n g  on an Ortho SOH c y t o f l  uorograph 
was used t o  analyze lymphocytes, monocytes and 
granulocytes.  Only lymphocytes showed p o s i t i v e  
f luorescence compared t o  t h e  c o n t r o l  nonimmune r a t  
IgG. Table 2 shows t h e  de tec t i on  of these lympho- 

Table II. Presence of Maturation Inducer-Bearing 
Lymphocytes in Normal Persons and Acute 

  ye loge no us Leukemia Patients 

Donor 

Maturation inducer-positive lymphocytes 

Absolute Number/ 
mm3 

Mean 2 SD Range Mean k SD Range 

Normal (9)" 7.9 + 7.4 1-20.7 178 + 165 76-304 
Leukemic 0.4 2 0.5 0-1.2 35.3 + 52.5 0-1 35 

patients (6) 
P < 0.001 P < 0.01 

" Numbers in parentheses, patients. 
Probability value for comparing acute myelogenous leukemia pa- 

tients with normal donors. 

Table I. Differentiation Induction of Human HL-60 Cells with Isolated Maturation Inducing Preparations 

Cell characteristics (%) 
Differentiation 

Inducer blocking by 
Culture condition quantity 

Monocytesl Anti- Anti- Anti-54 
(pglml) Phagocytosis Promyelocytes ,acrophagese IL-3 IL-6 kDa MI receptor 

" Percentage of monocytes/macrophages are average values of morphologic assessment and presence of a-naphthyl acetate esterase activity. 
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Figure 1. SDS-PAGE of isolated maturation inducer in the absence 
of reducing agent. Left lane, purified maturation inducer prote~n; rlght 
lane, molecular weight markers x kDa. The gels were silver stained 

c y t e s  f rom heal  t h y  donors and p a t i e n t s  w i t h  A14L. 
For  t h e  leukemia p a t i e n t s ,  a p p r o x i m a t e l y  50% o f  
t h e  AML p a t i e n t s  showed an absence o f  m a t u r a t i o n  
i n d u c e r  b e a r i n g  lymphocytes a f t e r  a n a l y z i n g  t h e i r  
lymphoid and m y e l o i d  c e l l  p o p u l a t i o n s .  The aver -  
age percen t  o f  p o s i t i v e  c e l l s  i n  p a t i e n t s  w i t h  AML 
(0.4%) and t h e i r  avesage a b s o l u t e  number o f  pos- 
i t i v e  c e l l s  (35.3/mm ) were s i g n i f i c a n t l y  l o w g r  
t h a n  those  o f  h e a l t h y  donors (7.9% and 178/mm ) .  

DISCUSSION 
Us ing  CM f rom a c t i v a t e d  normal human lympho- 

cy tes ,  t h e  presence o f  d i f f e r e n t i a t i o n  i n d u c i n g  
a c t i v i t y  f o r  m y e l o i d  leukemic c e l l  s  was i s o l a t e d .  
Two separa te  a c t i v i t i e s  were i d e n t i f i e d .  One a c t -  
i v i t y  was p u r i f i e d  t o  apparent  homogenity and 
appeared t o  be a  s i n g l e  p o l y p e p t i d e  p r o t e i n  w i t h  an 
apparent  MW o f  54 kDa and an optimum a c t i v i t y  o f  
a p p r o x i m a t e l y  2  pM. The mo lecu la r  we igh t  o f  t h i s  
m a t u r a t i o n  i n d u c e r  agrees w i t h  t h a t  o f  a  m a t u r a t i o n  
i n d u c e r  p r e v i o u s l y  i s o l a t e d  f rom a  human T  c e l l  
l i n e  ( 3 ) .  The second activ-i ty, which was o n l y  
p a r t i a l l y  p u r i f i e d ,  was shown t o  be i n  t h e  MW 
range o f  32-35 kDa w i t h  optimum a c t i v i t y  a t  about  
29 nM. The in v&o a c t i  v i t y  ranges o f  t h e s e  two 
f a c t o r s  corresponds w i t h  t h e  humoral ranges o f  
o t h e r  known growth f a c t o r s .  

The 32-35 kDa p r e p a r a t i o n  d i d  n o t  r e a c t  w i t h  
t h e  a n t i b o d y  a g a i n s t  t h e  54 kDa m a t u r a t i o n  
i n d u c e r ,  i n d i c a t i n g  t h a t  t h e s e  two a c t i v i t i e s  may 
r e p r e s e n t  two  d i f f e r e n t  molecules,  a l t h o u g h  t h i s  
remains t o  be con f i rmed.  Since a n t i - I P - 3  a n t i b o d y  
e f f e c t i v e l y  b locked  t h e  d i f f e r e n t i a t i o n  i n d u c t i o n  
o f  t h e  34 kDa species,  t h e  s h a r i n g  of a n t i g e n i c i t y  
w i t h  I L - 3  i s  suggested. T h i s  i s  i n  l i n e  w i t h  
o t h e r  o b s e r v a t i o n s  on t h e - r o l e  o f  I L - 3  i n  m y e l o i d  
c e l l  r o w t h  and d i f f e r e n t i a t i o n  ( 9  10) .  

f h e  f i n d i n g  o f  t h e  presence o f  m a t u r a t i o n  
i n d u c e r  on p e r i p h e r a l  b l o o d  lymphocytes f rom 
h e a l t h y  persons r e a f f i r m s  t h e  e a r l i e r  f i n d i n g  t h a t  
lymphocytes a r e  i n v o l v e d  i n  i t s  p r o d u c t i o n  (1 ) .  
I n  c o n t r a s t  t o  normal i n d i v i d u a l s ,  p a t i e n t s  w i t h  
AML were e i t h e r  absent  o r  d e f i c i e n t  i n  t h e  number 
and percentage o f  t h e s e  lymphocytes. These r e -  

s u l t s  have i n d i c a t e d  a  p o s s i b l e  r e l a t i o n s h i p  of 
t h e s e  lymphocyte subpopu la t ions  and t h e  m a t u r a t i o n  
i n d u c e r  mo lecu les  t o  t h e  pathogenesis o f  leukemia 
d i  seases. 

The f i n d i n g  of two  separa te  m a t u r a t i o n  induc-  
i n g  a c t i v i t i e s  i n  lymphocyte c o n d i t i o n e d  medium i s  
s i m i l a r  t o  t h e  o r i g i n a l  o b s e r v a t i o n  o f  mouse d i f f -  
e r e n t i a t i o n  f a c t o r s .  Yamamoto e t  a1 (11)  
d e s c r i b e d  t h a t  mi togen s t i m u l a t e d  sp leen  c e l l s  
produce two d i f f e r e n t i a t i o n  f a c t o r s  w i t h  MW ranges 
o f  40-50 kDa, produced b y  lymphocytes,  and 22-25 
kDa, produced b y  macrophages. Recent l y ,  one o f  
t h e  rnurine d i f f e r e n t i a t i o n  f a c t o r s  has been c loned 
and shown t o  be n e a r l y  i d e n t i c a l  t o  t h e  mur ine  
leukemia i n h i b i t o r y  f a c t o r  ( 7 ) .  The n a t u r e  o f  t h e  
human leukemia i n h i b i t o r y  f a c t o r  and i t s  r e l a t i o n -  
s h i p  t o  t h e  54 kDa spec ies  o f  human m a t u r a t i o n  
i n d u c e r  has n o t  been f u l l y  e l u c i d a t e d .  Our f i n d -  
i n g  t h a t  t h e  54 kDa m a t u r a t i o n  i n d u c e r  may be d i s -  
t i n c t  f r o m  I L - 6  i s  supported b y  o t h e r s  (12)  who 
de te rmined  t h a t  I L - 6  possesses d i f f e r e n t i a t i o n  
a c t i v i t y  f o r  c e r t a i n  m y e l o i d  p r e c u r s o r s  i n  s o f t  
agar  g e l ,  b u t  does n o t  e f f e c t  t h e  g rowth  and d i f f -  
of HL-60 c e l l s .  P h y s i o l o g i c a l  f a c t o r s  such as 
IL -6 ,  I L - 3  and t h e  m a t u r a t i o n  inducer ,  e t c . ,  may 
t h e r e f o r e  r e p r e s e n t  a  f a m i l y  o f  f a c t o r s  m e d i a t i n g  
monocy t i c  c e l l  development. 
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