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Recent evidence suggests that  the pleiotropic effects o f  interferon are triggered by 
the rapid binding of  interferon to cells, p robably  to a membrane  receptor that  
contains, in part,  ganglioside (1-5). A brief  lag period has been observed between the 
initial b inding of  interferon to cells and the subsequent establishment of  the anti-viral 
state. This lag probably  corresponds to a series o f  cellular events initiated by interferon 
binding (6). 

Interferon treatment  o f  cells also results in modifications in the structure and  
function of  cells (7). We have recently characterized the main features of  the 
phenotype of  interferon-treated h u m a n  fibroblasts (8, 9 ) )  The  phenotypic  alterations 
include decreased rates of  cell proliferation and cell movement ;  increased cell surface 
area, volume, and mass; altered organizat ion and size of  act in-containing cytoplasmic 
fibers; increased organizat ion o f  cell surface fibronectin; and increased rigidity o f  the 
plasma membrane.  

In this report, we examine the effects o f  interferon treatment  on the lateral mobility 
of  the cell surface receptors for the lectin concanaval in A (Con A). Study of  the 
interaction of  interferon with the cell surface may clarify the mechanism whereby 
interferon initiates a complex series of  changes in cell structure and function. 

M a t e r i a l s  a n d  M e t h o d s  
Cells. HeLa-S3 cells were grown in suspension in the spinner modification of Eagle's 

minimum essential medium (spinner medium) supplemented with 4% fetal calf serum. The 
initial cell concentration was 2 × 104 cells/ml. At 1 d after subcuhuring, human fibroblast 
interferon was added at concentranons varying from 10 to 640 U/ml; control cultures received 
no interferon. 

Interferon Two interferon preparations, produced in human fibroblasts that were induced 
with polymosinic, polycytidylic acid, were used. A partially purified preparation, provided by 
Dr. W. Carter and Dr. J. Horoszewicz of Roswell Park Memorial Institute, Buffalo, N. Y., had 
a 2 × 107 U/rag of protein sp act. It was purified by chromatography on Con A-agarose and 
phenyl-Sepharose (Pharmacia Fine Chemicals, Div of Pharmacia, Inc., Piseataway$ N. J.) 
columns in tandem. A preparation of interferon purified to homogeneity (>2 × 10 U/rag 
protein sp act) was provided by Dr. E. Knight, Jr. of E. I. Du Pont de Nemours & Co., Inc., 
Wilmington, Del. Interferon activity was assayed by a microtitration procedure with vesicular 
stomatitis virus as previously described (10), using the World Health Organization international 
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h u m a n  fibroblast  reference s t anda rd  (Nauona l  Ins t i tu tes  of  Hea l t h  ca ta log n u m b e r  G-023-902- 
527) for compar i son  

Results  and  Discussion 

As is shown in Fig. 1 A and B, when either control or interferon-treated HeLa-S3 
cells are incubated at 4°C with fluorescein-conjugated Con A (fl-Con A) (Calbiochem- 

FIG [. Effect of interferon treatment on the redistribution of Con A receptors At 72 h after the 
beginning of treatment, aliquots of ~2 × 105 cells were removed from control and interferon-treated 
(640 U/ml) cultures, pelleted, resuspended m I ml of spinner medium that contained 2 `ag/ml of fl- 
Con A, and the cells maintained at 4°C for 4.5 ram. The cells were pelleted and resuspended m 3 7qr 
formaldehyde m phosphate-buffered saline (PBS) (A and B), or m spinner medium in which the? 
were incubated at 37°C for 60-90 mm before fixation m formaldehyde at room temperature for 10- 
20 mm (C and D) The cells were then resuspended m 50 `al PBS and 50 .ILl twice-buffered glycerol- 
PBS (l 1 vol/vol) and examined m a Zelss III RS photomlcroscope eqwpped with eplfluorescence 
and phase-contrast optics (Carl Zelss, Inc ,  New York) (A) Control cells and (B) lnterferon-IPreated 
cells maintained at 40C with fl-Con A, (C) Control cells and (D) interferon-treated cells warmed to 
37°C Fluorescence staining is shown at left, phase contrast is shown at right Note that m control 
cells (C) the cap is in an extended portion of the cell In interferon-treated cells, patched areas of 
fluorescence (arrows) are found m cells that remain essentmlly round White hne m A-C is l ,am+ 
white hne in D is 1 ktm 
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FIG 2 Effect of interferon concentration on the redistribution of Con A receptors HeLa-S3 cells 
were grown and treated with human fibroblast interferon at concentrations varfing from l0 to 640 

Lo 5 U/ml. At 48 h after the beginning of interferon treatment, ahquots of 2 × l0 -5 × 10 cells were 
removed from control and interferon-treated cultures and the cells were processed for an examination 
of Con A-receptor distribution as described in the legend to Fig I. Cells were examined for the 
fluorescence pattern of fl-Con A and scored for the presence of intense fluorescence at one pole of 
the cell (cap formation) At least 500 cells were scored for each point. At 72 h from the beginning 
of interferon treatment, a slmdar dose-response curve was obtained. Under the experimental 
conditions used, -95% of the control HeLa-S3 cells showed capping of fl-Con A. The optimal 
concentration of fl-Con A is markedly dependent on the type of cell studied The redistnbutmn of 
Con A receptors is inhibited at high concentrations of fl-Con A When control HeLa-S3 cells were 
incubated with fl-Con A at 50 ~g/ml at 4°C, and then warmed to 37°C, <45% of the cells showed 
capping of fl-Con A Data are expressed as follows 

percent of interferon-treated cells capped x 100 
percent of control cells capped 

B e h r i n g  Corp . ,  A m e r i c a n  Hoechs t  Corp . ,  San  Diego ,  Calif . )  be fore  f ixa t ion  w i t h  

fo rmal in ,  a diffuse p a t t e r n  o f  f luorescence  is obse rved  o v e r  t he  en t i r e  cell  surface.  

I f  con t ro l  cells a re  i n c u b a t e d  w i t h  f l -Con  A at  4 ° C ,  w a s h e d  w i t h  fresh m e d i u m ,  a n d  

t h e n  i n c u b a t e d  at  3 7 ° C  for 6 0 - 9 0  m i n ,  t he  diffuse sur face  f luorescence  r ed i s t r ibu tes  

a n d  becomes  c o n c e n t r a t e d  at  one  po le  o f  t he  cell  f o r m i n g  a cap ,  as i l lus t ra ted  in Fig. 

1 C E lec t ron  mic roscop ic  o b s e r v a t i o n  o f  cells i n c u b a t e d  w i t h  f e r r i t i n - c o n j u g a t e d  C o n  

A has i n d i c a t e d  tha t  most  o f  t he  C o n  A is b o u n d  to the  sur face  a n d  l i t t le  is i n t e r n a l i z e d  

af te r  60 -90  m i n  at  37°C.  

In  con t ras t  to t he  f ind ings  o b t a i n e d  w i t h  con t ro l  cells, i n c u b a t i o n  o f  in te r fe ron-  

t r ea ted  H e L a - S 3  cells at 3 7 ° C  af te r  f l -Con  A p r e t r e a t m e n t  at 4 ° C  results  in a 

r ed i s t r ibu t ion  o f  C o n  A recep tors  in to  a p a t t e r n  o f  p a t c h e d  regions  o f  sur face  

f luorescence  (Fig. 1 D).  At  an  in te r fe ron  c o n c e n t r a t i o n  o f  640 U / m l ,  cap  f o r m a t i o n  is 

la rge ly  i n h i b i t e d  even  w h e n  i n c u b a t i o n  at  3 7 ° C  af te r  f l -Con  A p r e t r e a t m e n t  is 

e x t e n d e d  to 180 min .  T h e  ex ten t  o f  i nh ib i t i on  o f  cap  f o r m a t i o n  is d e p e n d e n t  u p o n  the  

in te r fe ron  dose used (Fig. 2).2 T h e  a p p r o x i m a t e l y  e x p o n e n t i a l  dose- response  re la t ion-  

ship  for i nh ib i t i on  o f  c a p p i n g  is s imi la r  to t ha t  o b t a i n e d  for the  i n h i b i t i o n  o f  cell  

p ro l i f e ra t ion  a n d  of  virus  m u l t i p l i c a t i o n  by  in te r fe ron .  

M o u s e  a n d  ch ick  in te r fe rons  were  not  e f fec t ive  in the  i nh ib i t i on  o f  cap  f o r m a t i o n ,  

sugges t ing  tha t  in te r fe ron  i tse l f  was the  species-specif ic  agen t  respons ib le  for the  
observed  effect.  

2 Recently, Matsuyama (Matsuyama, M. 1979 Action of interferon on cell membrane of mouse 
lymphocytes. Exp Cell Res 124:253.) has reported that mouse interferon inhibited capping of certain 
surface components on mouse lymphocytes, which react with anti-lymphocyte serum or lectlns Only those 
surface receptors whose capping was enhanced by pretreatment of lymphocytes with colchlcme were 
affected 
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F~e 3 Time-course of interferon-reduced mhlbmon of capping of Con A receptors HeLa-S3 cells 
were grown and treated with human fibroblast interferon as described m legend for Fig 1 At 1, 3, 
6, 12, 24, 36, 48, and 72 h after the beginmng of treatment, cell aliquots were processed for a 
determmation of ablhty to redistribute fl-Con A into caps At least 500 cells were scored for each 
point The control values for capping of fl-Con A were 96, 96, 97, 97, 96, 96, 97, and 96% of the cell 
population at 1, 3, 6, 12, 24, 36, 48, and 72 h, respecttvely 

Fig. 3 shows the t ime-course of  deve lopment  of  inhib i t ion  of  la teral  movement  of  
Con A receptors in in ter feron- t rea ted  (640 U / m l )  cells. In terferon t r ea tment  for only  
3 h is sufficient to cause a 15% reduct ion  in capping.  A max ima l  inhib i t ion  of  ~85% 
is reached wi thin  36 h from the beg inn ing  of  t rea tment .  Two  prepara t ions  of  f ibroblast  
interferon with different specific activities,  one of  which was pur i f ied to homogenei ty ,  
gave closely s imilar  results. W e  have shown previously that  h u m a n  f ibroblast  inter- 
feron (640 U / m l )  causes a 60% reduct ion  in the rate  o f  prol i fera t ion  of  HeLa-S3  cells, 
and  that  this effect is manifest  wi th in  24 h from the beg inn ing  o f  t r ea tmen t  (8). 

It has been demons t r a t ed  in several cell cul ture  systems tha t  ( Ion A b ind ing  to 
m e m b r a n e  receptors occurs rap id ly  at 4°(2 (11-13). W h e n  cells are then wa rmed  to 
37°C, the receptors,  which are  cross-l inked by  Con A, are rap id ly  red is t r ibu ted  wi thin  
the p lane  of  the  m e m b r a n e  to form: first, pa t chy  regions con ta in ing  mul t ip le  receptor-  
Con A complexes,  and  u l t imate ly ,  large aggregates  in the  form of  a cap  at one pole of  
the cell (13, 14). T h e  redis t r ibut ion  of  the  cross-l inked Con A receptors  is sensitive to 
cytochalas in  B (11, 15), which impai rs  the function of  subme mbra nous  m icrofi laments  

(16, 17). 
In  previous studies (9) we have repor ted  that  t r ea tmen t  of  h u m a n  f ibroblasts  in 

cul ture  with h u m a n  f ibroblast  interferon (640 U / m l )  causes not only  a 55-60% 
reduct ion in the rate  of  cell prol i ferat ion,  but  also causes a 70% decrease in the rate  
of  cell movement  in 48 h. In  o ther  laborator ies  (16, 18-22), a close re la t ionship  has 
been es tabl ished between the organiza t ion  of  s u b m e m b r a n o u s  ac t in -con ta in ing  ml- 
crof i laments  and  several aspects of  cell locomot ion in fibroblasts.  The  kinetics of  the  
in ter feron- induced inhibi t ion  of  la teral  mobi l i ty  of  cell surface receptors (cf. Fig. 3) 
and  of  cell movement  (9) are s tr ikingly similar.  Because these moti le  activit ies are  
in t imate ly  associated with  the cel lular  contract i le  machinery ,  an a t t rac t ive  hypothesis  
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to explain the interferon-induced inhibition of lateral mobility of cell surface receptors 
and of cell movement is that such inhibition results from an alteration in the state of 
microfilaments, We have demonstrated that interferon treatment of human fibroblasts 
markedly alters the organization of cytoplasmic microfilaments (9). 1 Very large and 
numerous microfilament bundles are formed spanning the length of enlarged cells 
(9). 1 Experiments are in progress to determine whether interferon treatment alters the 
organization of microfilaments in HeLa-S3 cells, and if so, how the alterations may 
be related to the inhibition of cell proliferation and of the lateral mobility of cell 
surface receptors. 

There is also evidence that interferon treatment of HeLa-S3 cells and human 
fibroblasts increases the rigidity of the plasma membrane lipid bilayer, t This could be 
a contributing factor in the inhibition of the lateral mobility of lectin receptors as 
well as of cell movement in interferon-treated cells. 

Interferon treatment of cells elicits a coordinated response that involves the cell 
membrane with its associated proteins and also the cytoplasmic microfilaments. 
Further work is needed to distinguish clearly between the initial effects of interferon 
on cells and those that represent phenotypic changes that are secondary to the 
decreased cycling activity of treated cells. 

S u m m a r y  

Interferon treatment impairs the ability of cells to redistribute cell surface receptors 
for concanavalin A (Con A). The effect of interferon becomes evident within 3-6 h 
and is maximal within 36-48 h. Highly purified human fibroblast interferon (>2 × 
l0 s U / m g  of protein sp act; concentration: 640 U/ml) caused ~85% inhibition of 
capping of fluorescein-conjugated Con A in interferon-sensitive HeLa-S3 cells at 36 
h from the beginning of treatment. 

We thank Dr W Carter, Dr. J. Horoszewicz, and Dr. E Knight, Jr. for generously providing 
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and Mr Christopher Hellmann for printing photomicrographs 
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