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SUMMARY: In te r leuk in - I  ( I L - I )  enhances the growth of human monocytic 
leukemia ce l l  l ine  JOSK-I ce l ls ,  which were recent ly  established in our 
laboratory and which were demonstrated to produce a high level of IL- I  
cons t i t u t i ve l y ,  in l i qu id  as well as semisol id cul ture systems. 
Concomitantly, IL - I  st imulated the prostaglandin E2 synthesis and n i t rob lue 
tet razol ium dye-reducing capacity of JOSK-I ce l ls .  This indicates that  IL- I  
may act as autocrine growth factor  for  monocytes, and also suggests the 
p o s s i b i l i t y  that th is  autocrine s t imula t ion may play an important role in 
the pathophysiology of monocytic leukemia in vivo. © 1987Academio~ress, ~no. 

In te r leuk in - I  ( I L - I )  is a glycosylated polypeptide mediator mainly pro- 

duced by monocytes or B-lymphocytes, which plays many roles in host defense 

mechanisms (1,2), and has a wide va r ie ty  of e f fects  on various ce l l s  which 

are involved in immune and inf lammatory systems (3). I t  is wel l  known that 

IL- I  acts as a growth factor  for  thymocytes (4) or f i b rob las ts  (5), and some 

authors reported that  IL- I  also st imulated monocytes, i.e., i t  enhanced 

t h e i r  prostaglandin (PG) synthesis (6), chemotaxis (7) or cytotox ic  a c t i v i t y  

(8) in an autost imulatory manner. 

JOSK-I is a monocytic leukemia ce l l  l i ne  established from peripheral 

blood of a pat ient  with acute myelomonocytic leukemia. The ce l l s  possess 

many monocytic features and c o n s t i t u t i v e l y  produce a high level  of IL- I  when 

*To whom a l l  correspondence should be addressed. 

Abbreviations used: IL - I ,  i n t e r l e u k i n - l ;  PG, prostaglandin; CSF, colony 
st imulat ing factor ;  FCS, fe ta l  ca l f  serum; NBT, n i t rob lue te t razo l ium dye; 
LPS, l ipopolysaccharide ; h r l L - l ,  human recombinant i n te r l euk in - IB .  
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they are appropr iate ly  incubated at the saturat ion density, as previously 

reported (9). JOSK-l-derived IL- I  was found to have molecular weights of 

14K and 3OK, and exhibi ted two i soe lec t r i c  points of pl 6.9 and pl 5.9 on 

chromatofocusing on a DEAE-5PW column (I0). Neither in te r leuk in -2  nor 

colony s t imulat ing factor  (CSF) a c t i v i t y  was detected in the conditioned 

medium of JOSK-I ce l ls .  

Here we describe that  IL- I  enhances the growth of JOSK-I ce l l s  as autoc- 

r ine growth factor. 

MATERIALS AND METHODS 

JOSK-I Cell Line and Liquid Culture: JOSK-I is a human monocytic leukemia 
ce l l  l ine,  which possesses many monocytic features and produces a high level 
of IL- I  c o n s t i t u t i v e l y  (9). The ce l l s  were seeded at an i n i t i a l  concen- 
t ra t i on  of 5xlO 4 ce l l s /m l  in RPMI 1640 medium (Flow Laboratories, McLean, 
VA) supplemented with 10% heat- inact ivated (56°C for  30 min) fe ta l  ca l f  
serum (FCS)(Commonwealth Serum Laboratories, Melbourne, Aust ra l ia) ,  in 
Falcon 3047 or 3915 t issue cul ture plates (Becton Dickinson Labware, Oxnard, 
Cal i f . ) ,  and then grown in the absence or presence of varying amounts of 
IL- I  at 37°C under a humidif ied atmosphere of 5% carbon dioxide. Cell 
growth was monitored by determining the cel l  concentration a f te r  given 
cul ture periods, and v i a b i l i t y  was checked by means of the Erythrosine B 
dye-exclusion test.  As a control ,  the growth of human promyelocytic 
leukemia ce l l  l ine  HL-60 ce l l s  was examined in exact ly  the same way. 

Semisolid Culture: The e f fec t  of IL- I  on JOSK-I ce l l s  in a semisol id cul ture 
system was examined according to the method of Minden et al. with some 
modif icat ions ( I I ) .  B r i e f l y  described, given numbers of ce l l s  were plated 
in a mixture consist ing of 0.9% methylcel lu lose (Methocel A-4M, standard; 
Dow Chemical Co.) in RPMI 1640 medium containing 20% heat- inact ivated FCS in 
the absence or presence of varying amounts of IL - I .  One ml a l iquots of the 
ce l l  mixture were plated in lOx30 mm p las t i c  Petr i  dishes (No.lO08; Falcon), 
and then incubated for  I0 days at 37°C under a humidif ied atmosphere of 5% 
carbon dioxide. The number of colonies consist ing of more than 40 ce l ls  was 
determined under an inverted microscope. 

IL- I  Preparation: Par t ia l  pu r i f i ca t i on  of JOSK-l-derived IL- I  was performed 
by high-performance l i qu id  chromatography on HPHT hydroxylapat i te and TSK 
gel G3000S~ columns. Af ter  the gel f i l t r a t i o n  step, the spec i f i c  a c t i v i t y  
was l . l x lO  ~ U/mg protein of IL- I  (I0). One uni t  of a c t i v i t y  was defined 
according to Mizel et al (12). We performed the experiment using p a r t i a l -  
pur i f i ed  JOSK-l-~erived IL- I  and human recombinant IL- I  B with a spec i f ic  
a c t i v i t y  of 2xlO I U/mg of protein, which was k indly  provided by Otsuka 
Pharmaceutical Co. (Tokushima, Japan). 

Assay for  NBT-Reducing Capacity: For measurement of one of the monocyte 
functions, quant i ta t i ve  assaying of n i t rob lue tet razol ium dye (NBT)-reduc- 
t ion was performed according to the method of Schopf, R.E. et al. with some 
modif icat ions (13). B r ie f l y ,  the assay mixture consisted of 50/ul of the 
NBT working solut ion (270mM NaCl, lO.4mM Na2HPO 4 and 3.16mM KH2P04) and 50 

~ I  of IL- I  solut ion in a 96-well microplate. A non-opsonized zymosan solu- 
t ion ( f i na l ,  330~g/ml; Sigma Chemical Co,, St. Louis) and RPMI 1640 medium 
were used as pos i t i ve  and negative controls, respect ively.  F i f t y / u l  of a 
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JOSK-I ce l l  suspension adjusted to 2xlO 6 ce l l s /m l  was added to the assay 
mixture at the beginning of the incubation, and then incubated for  60 min at 
37°C. The reaction was stopped by adding 20/ul of a IM HCI solut ion, and 
then the ce l l s  were spun down at 600xg for  15 min and the supernatant was 
ca re fu l l y  decanted. The reduced NBT was extracted with I 00~ I  of dimethyl 
sul foxide (Wako Chemical Co., Tokyo, Japan) a f te r  the ce l l  pe l le ts  had been 
dried overnight at 37°C. The absorbance at 550 nm was measured with a 
spectrophotometer. 

Assay for  PGE 2 Production: PGE 2 concentrations were determined by the means 
of a radioimmunoassay using a radioimmunoassay k i t  (NEK-020; New England 
Nuclear, Boston, MA). The antibody used shows the fo l lowing c ross - reac t i v i -  
t ies ;  PGE2:IO0%, PGEI:3.7% and PGA I, PGB 2 and PGD2:0.O01%. Samples were 
prepared according to the mpthod of Kha~sari, N. et al (14). B r ie f l y ,  JOSK- 
I ce l l s  were plated at IxlO ° c e l l s / w e l l  in 24-well cu l ture plates (No. 
25820; Corning, NY) in 1 ml of RPMI 1640 medium with I% heat- inact ivated FCS 
in the absence or presence of varying amounts of IL- I  or l ipopolysaccharide 
(LPS)(final, 20 ~g/ml; Escherichia co l i ,  055:B5; Sigma). Conditioned media 
were prepared a f te r  24 hr- incubation and then t he i r  PGE 2 contents were 
determined. 

Evaluation of IL- I  Effect on DNA Synthesis: Effect of IL - I  on [3H]thymidine 
incorporation by JOSK-I ce l l s  was determined according to the method of 
Lusis and Koeff ler,  o r i g i n a l l y  described for  the rapid microas#ay for  CSF 
a c t i v i t y  using KG-I ce l ls  (15). The ce l l s  were seeded at 2xlO a ce l l s  per 
wel l  in 200~I of RPMI-1640 medium without FCS in 96-well t issue cul ture 
plate (Falcon 3915) in the absence or presence of varying amounts of IL - I ,  
and then incubated for  20 hr. The ce l ls  were labeled for  2 hr with 
[3H]thymidine ( lO~Ci /ml ;  Amersham Japan, Tokyo, Japan) and the incorporated 
r a d i o a c t i v i t y  was determined a f te r  co l lec t ing  on g lass - f i be r  f i l t e r s  with an 
automatic ce l l  harvester. 

RESULTS 

As shown in Fig. la, the growth of JOSK-I ce l l s  was enhanced in the 

presence of JOSK-l-derived IL - I ,  although the growth of HL-60 ce l l s  was not 

affected by the addit ion of IL- I  at a l l .  This JOSK-I growth enhancement was 

maximal at 50 U/ml of IL - I ,  and a lower (I0 U/ml) or higher (I00 U/ml) IL- I  

concentration was less st imulatory.  Because the IL- I  produced by JOSK-I 

ce l l s  was predominantly IL - I  ~ (I0), we performed the above experiment using 

human recombinant IL- I  B (h r l L - l ) .  As shown in Fig. lb, the growth of JOSK-I 

ce l l s  was also s i g n i f i c a n t l y  enhanced by h r l L - l ,  the optimal dose being 50 

U/ml. To confirm the enhancing e f fec t  of IL- I  on the JOSK-I ce l l  growth, we 

examined whether or not IL- I  could s t imulate [3H]thymidine incorporat ion by 

JOSK-I cel ls .  As shown in Table I, [3H]thymidine uptake was increased by 

approximately 3- fo ld in the presence of the optimal dose of IL - I ,  whereas 

FCS could s t imulate the uptake only by nearly 50% over the control in the 

serum-free condit ion. 
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Fig. I. Inter leukin- I  response of JOSK-I cel ls in a l iqu id culture system. 
The cel ls were seeded as described in MATERIALS AND METHODS. and grown in 
the absence ( - 0 - )  or presence of I0 U/ml ( - e - ) .  50 U/ml ( -A - )  and I00 
U/ml ( - i - )  of (a) JOSK-l-derived IL-I or (b) human recombinant I L - I ~ .  
The dose of IL-I added was adjusted by means of the conventional thymocyte 
co-mitogenic assay (25). Cell growth was monitored by determining the cel l  
concentration af ter  given culture periods. Values represent the means of 
t r i p l i c a t e  determinations in two separate experiments. Standard errors of 
means were always less than 10%. 

Next, we examined the e f f e c t  o f  I L - I  on JOSK-I c e l l s  in a semiso l id  

cu l t u re  system. As shown in Fig.2a, the p l a t i n g  e f f i c i e n c y  of  lO-day cu l -  

tures ranged from 0.5% w i th  Ix lO 2 c e l l s  to  8.0% w i th  Ix lO 3 ce l l s ,  when no 

s t imu lan ts  were added. I L - I  s t imu la ted  the colony fo rmat ion  of  JOSK-I c e l l s  

in a dose dependent manner, i .e., the p l a t i n g  e f f i c i e n c y  ranged from 4.5% 

wi th  Ix lO 2 c e l l s  to 26.7% wi th  Ix lO 3 c e l l s  in the presence o f  I0 U/ml of  IL -  

l ,  and from 11.5% w i th  Ix lO 2 c e i l s  to  49.9% wi th  Ix lO 3 c e l l s  in the presence 
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Table I .  E f fec t  of  IL - I  on DNA synthesis bv JOSK-I ce l l s  

Addi t ions [3H]thymidine incorpora t ion  St imula t ion index 

None 6098.2 + 85.4 1.0 
10% FCS 9041.7 ¥ 611.0 1.48 
IL - I  5 U/ml 10005.5 + 374.0 1.64 

lO U/ml 15541.2 + 1803.9 2.54 
50 U/ml 18228.6 ~ 844.6 2.99 

lO0 U/ml 14584.5 + 6311.7 2.40 
250 U/ml 9936.4 ~ 165.2 1.62 

The ce l l s  were seeded as described in MATERIALS AND METHODS. and incubated 
fo r  20 hr. Then the ce l l s  were labeled fo r  2 hr w i th  [3H]thymidine and the 
incorporated r a d i o a c t i v i t y  was determined. The values represent the means 
± SD of t r i p l i c a t e  samples. 

o f  50 U/ml o f  I L - I .  The h r l L - I  a l s o  enhanced the  co l ony  f o r m a t i o n ,  bu t  the  

e x t e n t  o f  enhancement was less  than t h a t  w i t h  J O S K - l - d e r i v e d  I L - I  (F ig .2b) .  

However, the  co l ony  f o r m a t i o n  o f  HL-60 c e l l s  was not  a f f e c t e d  a t  a l l  by the  

a d d i t i o n  o f  I L - I  (da ta  no t  shown). 

We f u r t h e r  examined whe the r  o r  no t  I L - I  cou ld  enhance the  PGE 2 p r o d u c t i o n  

and NBT reduc ing  a c t i v i t y  o f  JOSK-I c e l l s .  As shown in F ig.3a,  when s t i m u -  

% 
v 

"6 

(a) o o Control l 

• • IL-1 10 U/ml 
(b) 

0.5 1 5 10 1 5 10 
Cells seeded (102per  dish ) 

Fig. 2. Colony format ion of JOSK-I ce l l s  in the absence ( - © - )  or presence 
o f  I0 U/ml ( - Q - )  and 50 U/ml ( - D - )  of (a) JOSK-l-derived IL - I  or (b) human 
recombinant IL - I~  . A f te r  the ce l l  mixtures were incubated fo r  I0 days. 
the number of  colonies consis t ing of  more than 40 ce l l s  was determined under 
an inver ted microscope. 
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Fig. 3. NBT-reducing a c t i v i t y  of JOSK-I ce l ls  was determined in the presen- 
ce of varying amounts of (a) JOSK-l-derived IL- I  or (b) human recombinant 
IL- I  B. A non-opsonized zymosan solut ion and RPMI 1640 medium were used as 
posi t ive and negative controls, respect ively.  

la ted w i th  50 U/ml o f  JOSK-l -der ived I L - I ,  the c e l l s  exh i b i t ed  an about 20% 

increase in NBT reduct ion  as compared w i th  in the case of  non-s t imu la ted  

con t ro l  ce l l s .  Human recombinant I L - I  a lso enhanced the NBT reduct ion,  but 

i t  should be noted tha t  the opt imal  concent ra t ion  was lower than tha t  in the 

case of  JOSK-l -der ived I L - I ,  and the ex ten t  o f  enhancement was as high as 

t ha t  w i t h  a wel l -known monocyte s t i m u l a t o r ,  zymosan (Fig.3b). No morpholo- 

g i ca l  changes i n d i c a t i n g  c e l l u l a r  d i f f e r e n t i a t i o n  were seen a f t e r  the IL - I  

t reatment .  PGE 2 product ion was markedly increased in the presence of  50 

U/ml of  I L - I ,  a l though the base l ine product ion of  PGE 2 by JOSK-I c e l l s  was 

r e l a t i v e l y  low and LPS f a i l e d  to s t i m u l a t e  PGE 2 product ion (Fig.4). 

DISCUSSION 

Since the f i r s t  d e s c r i p t i o n  by Todaro et al .  in 1978 (16), the au tocr ine  

growth concept f o r  cancer c e l l s  has invo lved one of  the mechanisms which 

exp la in  the autonomous p r o l i f e r a t i o n  of  t ransformed c e l l s  (17). Four po l y -  
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Fi~. 4. PGE 2 production by JOSK-I cells. The cel ls were stimulated with 
IL-I or LPS and PGE 2 contents in conditioned media were determined by the 
means of a radioimmunoassay. The results are expressed in picograms of PGE 2 
produced per ml of the conditioned medium from IxlO 6 cells. 

pept ides, the m and ~ t rans forming growth fac to rs  (18,19), p l a t e l e t - d e r i v e d  

growth f ac to r  (20) and bombesin (21), have so fa r  been reported as au tocr ine  

growth fac tors .  Here we have demonstrated tha t  another po lypept ide,  I L - I ,  

acts as an autocr ine  growth f a c t o r  fo r  a human monocytic leukemia c e l l  l i n e  

tha t  produces the molecule c o n s t i t u t i v e l y .  The resu l t s  reported here i n d i -  

cate tha t  the c o n s t i t u t i v e  product ion o f  I L - I  might be c l o s e l y  re la ted  to 

the growth o f  JOSK-I ce l l s .  I t  should be noted tha t  there was a s l i g h t  

d i f f e rence  in s t i m u l a t o r y  a b i l i t y  between JOSK-l-der ived IL - I  and h r l L - l .  

Some hypotheses have been presented to exp la in  th i s  d i f f e rence ,  as f o l l o w s ;  

JOSK-I produces a molecule which has the same b i o l o g i c a l  a c t i v i t y  and a n t i -  

g e n i c i t y  as the known IL - I s ,  but which is d i f f e r e n t  in i t s  a f f i n i t y  to JOSK- 

I c e l l s ,  or some c o - e x i s t i n g  humoral fac to rs  modulate the act ion o f  I L - I .  

I t  is poss ib le  tha t  I L - I  can promote autonomous p r o l i f e r a t i o n  o f  monocytic 

leukemic c e l l s  in v ivo,  since fresh leukemic c e l l s  from pa t ien ts  w i th  mono- 

cy t i c  leukemia can also produce I L - I ,  as we recen t l y  repor ted (22). Recen- 

t l y ,  some authors reported tha t  I L - I  exh ib i t ed  an an t i t umor  a c t i v i t y  toward 

some cancer c e l l s  (23,24), but our resu l t s  suggest t ha t  care should be taken 

when I L - I  is used fo r  cancer t rea tment  in some instances. 
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