
Vol. 100, No. 2,1981 

May 29, 1981 

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 
Pages 823-830 

INTERFERON INHIBITS MELANOGENESIS IN B-16 MOUSE MELANOMA CELLS 

Paul B. Fisher, R. Allan Mufson 
and I .  Bernard Weinstein 

Department of Microbiology and Division of Environmental Sciences 
Cancer Center / Inst i tu te of Cancer Research 

Columbia Universi ty,  College of Physicians and Surgeons 
New York, New York, 10032 

Received April 20, 1981 

SUMMARY: Mouse L-cell interferon (IF) (0.03-30 units/ml) produces a concentra- 
tion-dependent inh ib i t ion  of both spontaneous and melanocyte hormone stimulated 
(MSH) melanogenesis in cultures of murine B-16 melanoma cel ls .  This inh ib i -  
t ion is synergist ic with that produced by the tumor promoter 12-O-tetradecanoyl- 
phorbol-13 acetate (TPA). Both TPA and IF also inh ib i t  the expression of tyro-  
sinase ac t i v i t y .  These and previous results suggest that the antitumor effects 
of IF may be due to modulation of ce l lu la r  d i f fe ren t ia t ion .  

INTRODUCTION 

In addition to i t s  an t iv i ra l  ( I )  and antitumor (2) ef fects,  interferon 

(IF) is a potent modulator of ce l lu la r  d i f fe rent ia t ion  (1,3-6). Another class 

of natural ly  occuring substances, the phorbol ester tumor promoters, also al -  

ters the program of d i f fe ren t ia t ion  in a wide var iety of cel l  culture systems 

(for review see 7,8). We have previously demonstrated that the phorbol ester 

12-O-tetradecanoyl-phorbol-13-acetate (TPA) can delay both spontaneous and MSH- 

induced d i f fe ren t ia t ion  of the C 3 clone of B-16 melanoma cel ls ( 8 ) .  In 

addit ion, we found that the natural ly occurring membrane active peptide 

mel i t t in  also delays the expression of melanogenesis in B-16 cel ls ( 9 ) .  The 

primary s i te of action for interferon (1,10), TPA (7) and mel i t t in  (9) appears 

to be the cell membrane (1,7,9,10). For these reasons, in the present study we 

have examined the effects of interferon, alone or in combination with phorbol 

esters, on d i f fe ren t ia t ion  of the B-16 melanoma cel ls .  

Abbreviations used: TPA, 12-O-tetradecanoyl-phorbol-13-acetate; MSH, ~-melan- 
ocyte-st imulat ing hormone; IF, mouse L-cell interferon; PDD, phorbol-12, 13- 
didecanoate; 4mPDD, 4~-phorbol-12,13-didecanoate; DMSO, dimethylsulfoxide; 
PBS, phosphate buffered saline. 
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MATERIALS AND METHODS 

Cel] Cul ture:  The Cq clone of B-16 mouse melanoma ce l ls  (11) was provided 
by Dr. John Kreider ~f the Hershey Medical Center, Hershey, Pa. Cells were 
rout ine ly  maintained in Eagle's minimum essential medium supplemented with 
10% feta l  bovine serum (Grand Island Biological Co., Grand Island, New York) 
and 2 mM L-tyrosine.  Cells were passaged as previously described ( 8 )  using 
0.2% versene in phosphate-buffered sal ine (PBS) (0.01M phosphate pH 7.4 and 
0.15 M NaCI). 

Experimental Design: B-16 ce l ls  were plated at 5xi0 s cells/5cm dish. Compounds 
to be tested, unless otherwise indicated, were added at the time of cel l  p lat ing 
in a volume of DMSO such that the f ina l  solvent concentration did not exceed 
0.01%. Cell counts were determined by removing ce l ls  from plates with 0.2% 
versene in PBS, d i l u t i ng  cel l  suspensions with isotonic d i luent  (Fisher 
Sc ien t i f i c  Co., Fairlawn, New Jersey) and counted using an e lect ron ic  model 
Zf Coulter Counter (Coulter Electronics Inc. ,  Hialeah, F la . ) .  
M~lanin Determinations: The melanin content of the ce l ls  and the cel l  cul ture 
medium was determined as previously described by Mufson et al .  ( 8 ) .  
Tyrosinase Determinations: The tyrosinase a c t i v i t y  of the ce l ls  was deter-  
mined by a modif icat ion of the Pomerantz radioassay described by Mufson (12). 
Protein Determinations: Protein content of the ce l ls  was determined according 
to the method of Lowry. 
Mouse L-Cell In ter feron:  Mouse in ter feron was prepared from L-ce l ls  grown 
in monolayer cul ture in Eagle's minimal essential medium containing gentamicin 
(50 ~g/ml) and 10% feta l  bovine serum. Induction of in ter feron was performed 
as described (13-15) with the subst i tu t ion of poly(1)poly(C) (50 ~g/ml) for  
Newcastle disease or MM virus. Assay of mouse in ter feron was performed by 
a cytopathic e f f e c t - i n h i b i t i o n  assay with L-cel ls  and vesicular stomat i t is  
virus. Units of in ter feron were adjusted to the internat ional  reference 
standard for  mouse in ter feron (G-002-904-511) supplied by the Ant iv i ra l  Substan- 
ces Program of the National I ns t i t u te  of Al lergy and Infect ious Diseases, 
National Ins t i tu tes  of Health, Bethesda, Maryland. 

RESULTS 

Addit ion of 0.03 to 30 units/ml of  mouse L-cel l  in ter feron (IF) to B-16 

ce l ls  at the time of p lat ing produced a dose-dependent i nh ib i t i on  of melanin 

production when the l a t t e r  was measured on day 6, the time when the control 

ce l ls  displayed extensive melanogenesis (Table 1). In contrast,  human 

leukocyte IF (i00 units/ml) and heat treated (60 min. at 60°C) or t rypsin 

treated (5mg/ml for  30 min.) mouse L-cel l  IF did not i nh i b i t  melanogenesis by 

B-16 cul tures.  The inh ib i to ry  e f fec t  of 30 IF units/ml was not a resu l t  of 

i nh ib i t i on  of cel l  growth or the time at which B-16 ce l ls  became confluent 

(data not shown). The suppression of melanogenesis obtained with 30 units/ml 

of  mouse IF was quan t i ta t i ve ly  s imi lar  to that observed when B-16 ce l ls  were 

treated with I00 ng/ml of TPA (Table i ) .  
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Table I: The Effect of Interferon (IF) Alone or in combination with 
TPA on Melanin Synthesis by B-16 Cells. 

TOTAL MELANIN CONTENT (% of Control) 

Day 6 Day 7 
Alone +IF Alone +IF 

Compound 

Media Control 100 10 I00 103 
0.01% DMSO 100 14 100 98 
TPA 15 i0 104 25 
PDD 16 12 110 22 
Phorbol 102 15 100 106 
4~PDD 109 12 99 108 
IF I0 105 

The indicated compounds were added alone or in combination with IF at the time 
of plat ing 5 x I0 s cel ls/5 cm plate. Where indicated IF was added at 30 units/ 
ml and the other compounds at i00 ng/ml. Six and 7 days post-plating cell  num- 
ber and total melanin content (cel ls plus medium) of the cultures were deter- 
mined, as described in "Materials and Methods". The melanin content at day 6 
and 7 is expressed as a percentage of that found in the DMSO controls. The 
total  melanin content of the DMSO control cultures at day 6 was 4.5 ÷ 0.52 A400 
units/lO G cel ls and at day 7 was 7.3 ± 0.96 A400 units/lO 6 cel ls.  Values are 
the means of t r i p l i c a t e  cultures. The S.E. for t r ip l i ca tes  was < 20% of the mean. 

As p rev ious ly  reported fo r  B-16 ce l l s  t rea ted wi th  TPA ( 8 ) ,  the cu l tu res  

t rea ted wi th IF escaped the i n h i b i t i o n  o f  d i f f e r e n t i a t i o n  at about 24 hours 

a f t e r  the contro l  cu l tures had d i f f e r e n t i a t e d  (Table I ) .  I f ,  however, TPA 

(100 ng/ml) was added together  wi th increasing concentrat ions o f  mouse L -ce l l  

IF the i n h i b i t i o n  of  d i f f e r e n t i a t i o n  was sustained longer than with e i t h e r  

TPA or IF alone (Table 1). The r a p i d i t y  o f  escape was inve rse ly  p ropor t iona l  

to the concent ra t ion o f  IF. Phorbol compounds s t r u c t u r a l l y  re la ted  to TPA, but 

i nac t i ve  as tumor promoters on mouse skin ( 7 ) ,  such as phorbol and 4~ phorbol -  

12,13- didecanoate (4~ PDD), did not i n h i b i t  B-16 d i f f e r e n t i a t i o n  when added 

alone or in combination with 30 uni ts /ml  o f  IF. The ac t ive  tumor promoter 

PDD, however, did i n h i b i t  melanogenesis when added alone and f u r t he r  enhanced 

IF 's  i n h i b i t o r y  act ion (Table 2). TPA and IF also act s y n e r g i s t i c a l l y  to in -  

h i b i t  adipocyte d i f f e r e n t i a t i o n  by Balb/c 3T3 c e l l s  (4). 

In previous studies ( 8 )  we demonstrated that  the degree o f  i n h i b i t i o n  

o f  melanogenesis by TPA in B-16 ce l l s  was re la ted  to i t s  t ime of  add i t i on .  
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Table 2: The Ef fect  of  Phorbol Esters Alone or in Combination With 
In ter fe ron (IF) on Melanin Synthesis by B-16 Cel ls .  

TOTAL MELANIN CONTENT (% of Cont ro l ) *  

Compound  Concentration Day 6 Day 7 

DMSO 0.01% I00 106 
IF 0.03 uni ts/ml 82 105 
IF 0.3 uni ts/ml 66 99 
IF 3 uni ts/ml 43 110 
IF 30 uni ts /ml  19 103 
TPA 100 ng/ml 21 100 
IF + TPA 0.03 uni ts /ml  + i00 ng/ml 18 89 
IF + TPA 0.3 uni ts/ml + 100 ng/ml 20 68 
IF + TPA 3 uni ts/ml + 100 ng/ml 17 48 
IF + TPA 30 uni ts/ml + 100 ng/ml 19 27 

*The ind icated compounds were added at the time of p la t i ng  5 x 10 ~ ce l l s / 5  cm 
p la te .  Six and 7 days pos t -p la t i ng  ce l l  number and to ta l  melanin content 
( ce l l s  plus medium) of  the cul tures were determined, as described in "Mater ia ls  
and Methods". The melanin content at  day 6 is expressed as a percentage of 
tha t  found in the DMSO con t ro l .  The melanin content at day 7 is expressed as 
a percentage of that  found in the TPA t reated cul tures which had te rm ina l l y  
d i f f e r e n t i a t e d .  The to ta l  melanin content of the 0.01% DMSO cul tures at day 
6 was 4.0 ~ 0.36 A400 un i t s / lO  ~ c e l l s ;  in the 100 ng/ml TPA cul tures at day 7 
th is  value was 6.2 L 0.85 A~00 un i t s / lO  6 ce l l s .  Values represent the means of 
t r i p l i c a t e  cu l tu res ,  the S.E. fo r  t r i p l i c a t e s  was 2 20% of  the means. 

Marked i n h i b i t i o n  wa~ o b t a l n e d  when TPA was added s h o r t l y  a f t e r  p l a t i n g  the  c e l l s ;  

i f  the  a d d i t i o n  o f  TPA was de layed to  days 4 o r  5 the c e l l s  were much more 

r e s i s t a n t  to  i n h i b i t i o n  o f  me lanogenes is .  Table  3 i n d i c a t e s  t h a t  IF (30 u n i t s / m l )  

a l so  e x e r t e d  i t s  maximum i n h i b i t i o n  when added du r i ng  the f i r s t  few days a f t e r  

Table 3: The Ef fect  of Time of Addi t ion of  In ter feron or TPA on 
Melanin Synthesis by B-16 Cel ls .  

Time of Addi t ion (day) 

TOTAL MELANIN CONTENT (% of Control )  

+TPA (100 ng/ml) +IF (30 un i t s /m l )  
Day 6 Day 7 Day 6 Day 7 

3 16 40 14 45 
4 27 61 15 44 
5 117 110 79 105 

Five x 10 s cel ls /5cm p la te  were seeded at day 0 and 3,4 or 5 days pos t -p la t i ng  
the medium was removed, TPA or IF was added to th is  condit ioned medium and the 
medium replated onto the ce l l s .  The to ta l  melanin content at day 6 and 7 is 
expressed as a percentage of  the 0.01% DMSO con t ro l ,  which was i nd i s t i ngu i sh -  
able from media cont ro ls .  The to ta l  melanin content of the DMSO contro l  at  
day 6 was 4.2 ± 0.47 A4oo un i t s / lOGice l l s  and at day 7 was 8.1 ± 0.85 A4oo 
un i t s / lO  @ c e l l s .  Values are means,of t r i p l i c a t e  cu l tu res .  The S.E. fo r  t r i -  
p l i ca tes  was 2 20% of the mean. 
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Table 4: The Effect of Interferon (IF) Alone and in Combination With 
TPA on MSH-Induced Melanogenesis in Clone C 3 of B-16 Cells. 

Compound 

__TOTAL MELANIN CONTENT (% of Control)_ 

Day 5 Day 6 Day 7 

MSH 100 i00 100 
MSH + IF 13 41 78 
MSH + TPA 43 81 84 
MSH + IF + TPA I 36 69 

The indicated compounds were added at the time of p lat ing 5 x 105 cells/5cm 
plate, at the fol lowing concentrations: MSH 5 x I0-7M, IF 30 units/ml and 
TPA 100 ng/ml. Five, 6 and 7 days post-plat ing cel l  number and total  mela- 
nin content (cel ls plus medium) of the cultures were determined, as described 
in "Materials and Methods". The melanin content at day 5,6 and 7 is expressed 
as a percentage of that found in the MSH controls. The total  melanin content 
of the MSH control cultures at day 5 was 5.2 ± 0.31A~00 units/106 ce l ls ,  at 
day 6 was 8.4 ± 0.75 A~o o units/106 cel ls  and at day 7, 11.6 ± 1.72 Aq00 uni ts /  
106 cel ls .  The S.E. for t r i p l i ca te  cultures was < 20% of the mean, 

the c e l l s  were p lated,  even though the cont ro l  c e l l s  did not d i sp lay  an i,ncrease 

in  melanin synthes is  or ty ros inase a c t i v i t y  (see below) u n t i l  day 5-6, These 

resu l t s  suggest tha t  both TPA and IF i n h i b i t  a stage which precedes melanin 

synthesis ra the r  than the actual process of  melanogenesis, 

In add i t i on  to i n h i b i t i n g  spontaneous melanogenesis, both TPA and IF were 

capable of i n h i b i t i n g  MSH-induced melanogenesis in  B-16 c e l l s  (Table 4) .  

The add i t i on  of  30 un i t s /m l  of  mouse L -ce l l  IF s imul taneously  w i th  5x i0 -7 M MSH 

reduced the amount of  pigment produced to ~ 13% of  tha t  obtained w i th  c e l l s  

t rea ted  w i th  MSH alone. The i n h i b i t i o n  of  MSH induced d i f f e r e n t i a t i o n  by IF 

was greater  than the i n h i b i t i o n  produced by 100 ng/ml o f  TPA (43% of  c o n t r o l ) ,  

under comparable cond i t i ons .  The combination of  TPA (100 ng/ml) and mouse IF 

(30 un i t s /m l )  reduced the amount of  melanin produced in  response to MSH to 

1% of  t ha t  obtained in  cont ro l  cu l tu res  exposed only  to MSH (Table 4).  

To determine whether the delay in  onset o f  melanogenesis induced by IF 

was due to suppression of  actual melanin syn thes is ,  measurements of  ty ros inase 

a c t i v i t y  were performed (12). Figure I shows tha t  IF (30 un i t s /m l )  delayed 

the peak of  ty ros inase a c t i v i t y  tha t  occurs when cont ro l  c e l l s  reach conf luence.  
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Figure 1: The Ef fect  of  IF on Tyrosinase A c t i v i t y  (A) and Melanin 
Synthesis (B) in B-16 Mouse Melanoma Cel ls.  

Mouse L-ce l l  IF (30 un i ts /ml )  was added at the time of p la t i ng  5 x i0 s 
B-16 cel ls /5cm t issue cu l ture  dish, At the times ind icated the ce l l s  were 
co l lec ted  by scraping wi th a rubber policeman and tyrosinase a c t i v i t y  (A) in 
the pe l le ted  ce l l s  was determined as described in "Mater ia ls  and Methods", The 
S.E. fo r  t r i p l i c a t e  cu l tures was < 20% of the mean. Melanin content of the 
ce l l s  plus media (B) was determined as described in "Mater ia ls  and Methods". 
Values represent the means of t r i p l i c a t e  cu l tu res ,  the S.E. f o r  t r i p l i c a t e s  was 
< 20% of the mean. 

A s i m i l a r  de lay  in  the peak o f  t y r o s i n a s e  a c t i v i t y  was found w i t h  TPA (data  not  

shown). 

DISCUSSION 

The p resen t  r e s u l t s  demonst ra te  t h a t  n o n - c y t o t o x i c  doses o f  mouse L - c e l l  

IF suppress both spontaneous and MSH-induced melanogenes is  in  the  C 3 c lone 
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of B-16 mouse melanoma cel ls .  IF also inh ib i ts  DMSO induced d i f fe ren t ia t ion  

in Friend erythroleukemia cel ls  (16,17) and spontaneous adipocyte conversion 

of 3T3 cel ls (4,5). In mouse myeloid leukemia ce l ls ,  IF exerts an opposite 

ef fect ,  i . e . ,  i t  enhances the d i f fe rent ia t ion  induced by d i f fe rent ia t ion  stim- 

ulat ing factor,  lipopolysaccharide or polyinosinic acid (6). Phorbol ester 

tumor promoters can also have reciprocal effects on d i f fe rent ia t ion  depending 

upon the cel l  systems studies (7,18,19). A primary s i te of action for both 

IF (1,10) and TPA (7) appears to be the cel l  surface membrane. However, since 

IF and TPA act synerg is t ica l ly  to inh ib i t  melanogenesis (present studies) and 

adipocyte formation (5), i t  appears that they modulate d i f fe rent ia t ion  through 

somewhat d i f ferent  mechanisms. We have also obtained evidence that they do not 

occupy the same cell  surface receptors (Ivanovic, V., Fisher, P.B. and Weinstein, 

I .B. ,  unpublished studies). 

The antitumor effects of IF have been at t r ibuted to ei ther:  1) enhancement 

of immune defense mechanisms in the host (1) or 2) a d i rect  inh ib i t ion  of growth 

of the tumor cel ls (2,20-22). We suggest that in some cases the antitumor effects 

may be due to modulation of the d i f ferent iated state of the tumor cel ls .  Thus, 

fur ther studies of the effects of various preparations of IF on d i f fe rent ia t ion  

might provide important insights into the i r  more effect ive use as antitumor agents. 
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