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P rev ious  invest igat ions revea led  c ro s s  reac t ions  between group A s t r ep tococca l  polysacchar ide  (poly- 
saccha r ide  A) and epi thel ia l  ce l l s  of t hymus  and skin [5, 9, 10]. On the bas i s  of these  findings it was suggested 
that  injury to the thymus t i s s ue s  by a r eac t ion  of antibodies against  polysacchar ide  A with epithelial  ce l ls  can 
evidently cause  a d is turbance  of the i m m u n o d e p r e s s o r  function of that organ and the development  of an auto- 
immune p roce s s  in rheumat ic  f eve r  [4]. A fu r the r  study of c r o s s  reac t ions  of antibodies against  polysac-  
char ide  A with epi thel ium of thymus  and o ther  t i s sues  accordingly  appeared  in teres t ing .  

Not all  ant igens isola ted by the method of decomposi t ion  of the prec ip i ta te  f rom animal  s e r u m  and 
reac t ing  with po lysacchar ide  A in the gel diffusion tes t  (GDT), we,re found to be act ive when tes ted  by the 
immunof luorescence  method (IF) on epi thel ial  t i s sue s  [11]. Antibodies against  polysacchar ide  A isolated f rom 
the s e r a  of an imals  immunized  with group A s t rep tococc i  a lso  have been shown to di f fer  in the i r  specif ic i ty .  
F o r  instance,  antibodies r eac t ing  in GDT not only with po lysacchar ide  A, but also with polysacchar ide  of group 
L s t rep tococc i  (polysacchar ide  L), have been obtained f rom some s e r a  by affinity chromatography .  Antibodies 
speci f ic  only for  po lysacchar ide  A a lso  have been  isolated [3]. This  suggests  that  d i f fe rences  in the abil i ty of 
antibodies to r eac t  with epi thel ial  cel ls  can be explained by d i f fe rences  in the i r  specif ic i ty .  F u r t h e r m o r e ,  in 
the reac t ion  with epi thel ia l  cel ls ,  the affinity of the antibodies may  play an essen t i a l  role .  

The object  of the p resen t  invest igat ion was to study the effect  of the degree  of affinity of antibodies on 
t he i r  r eac t ion  with epi thel ium of thymus  and skin, and also to de te rmine  the ro le  of antibodies against  poly- 
saccha r ide  A, reac t ing  with po lysacchar ide  L, when tes ted  with epi thel ia l  t i s sue  of thymus and skin. 

E X P E R I M E N T A L  M E T H O D  

Sera  with high t i t e r s  of antibodies against  po lysacchar ide  A were  obtained by immunizat ion  of rabbi ts  
with a cul ture  of group A s t r ep tococcus ,  type I, grown on medium with case in  hydrolysa te  and t r ea t ed  with 
pepsin  [12]. The s e r a  were  used a f t e r  two cyc les  of immuniza t ion  with inc reas ing  doses  (from 7.5" 109 to 
30" 109) or  a f t e r  2-4  cyc les  ( f rom 0.5 �9 109 to 2 �9 109) bac t e r i a l  ce l ls .  Po lysaccha r ides  A and L were  p repa red  
by f o r m a m i d e  ex t rac t ion  f r o m  cul tures  of group A (s t ra in  J17A4, No. 6/49) and group L (s t ra in  SHC16, No. 
43/59) [3, 6]. 

The immunosorben t  was p repa red  as fol lows,  Sepharose  4B (Pharmacia ) ,  in a volume of 10 ml,  was 
ac t ivated with CNBr in 2 M Na2CO 3 [7]. Binding of act ivated Sepharose  with par t ia l ly  deacetyla ted  A-po ly -  
s accha r ide  was c a r r i e d  out in 0.5 M NaHCO~ at pH 8.6 [3]. To b lock groups which r ema ined  act ive ,  the sorbent  
was t r e a t ed  with i M glyeine in 0.1 M NaHCO~, pH 8.6, and washed in 0.85% NaC1 solution made up in 0.15 M 
po t a s s ium-sod ium phosphate buffer  (PBS), pH 7.4. Antibodies were  isolated by a modified method of Jonson 
and Garvey  [7]. To 5 ml  of immunosorben t ,  placed on a porous g lass  f i l ter ,  5 ml  of s e r u m  dissolved in PBS 
was added, and a f t e r  mixing the product was washed with PBS to r emove  nonspecif ical ly  bound prote ins ,  Com-  
p le teness  of washing was ver i f ied  by m e a s u r e m e n t  of the opt ical  absorpt ion  of the washings at 280 nm. Low- 
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Fig.  1. Chromatographic  frac~ionation of 
antibodies f rom immunosorbent  with poly- 
sacchar ide  A. Absc issa ,  Nos. of fract ions;  
ordinate,  optical absorpt ion at 280 nm. 1) 
Low-affinity, 2) high-affinity antibodies. 

affinity antibodies were separated af ter  incubation of the immunosorbent  with 20 ml of 0.1 M Na-acetate  buffer,  
pH 5.0, for 15 min. The immunosorbent  was washed with 50 ml of I~BS, mixed with 10 mg of 3 M KCNS, 
made up in PBS containing 10 mg of bovine serum albumin. The eluate was collected, a second portion of 
KCNS solution was added, the residual  antibodies were  removed by washing with 10 ml PBS, and the pooled 
eluate was desalted by gel- f i l t ra t ion on a column with Sephadex F-25 (2.4x 45 cm). 

Antibodies were fract ionated on a column with immunosorbent  containing polysacchar ide A, in a gradient 
of 0.01 M Na-aceta te  burrer ,  pH 5.0, made up in 0.85% NaC1 solution, and in 1 M NaC1 in 0.5 M CH3COOH, pH 
2.5, as descr ibed previously [3]. 

Undiluted se ra  and preparat ions  of isolated antibodies (0.1-1 m~Jml) were tested in the GDT [2] with poly- 
sacchar ide  A (from 1 mg to 6 pg/ml). The antibodies were inhibited by mixing equal volumes of antibodies 
(2-3 mg/ml) and polysacchar ide A (200-300 #g/ml). The absence of antibodies unconnected with antigen was 
verified in the GDT af ter  incubation at 4~ for  24 h; the precipitate was f i rs t  removed by centrifugation at 
12,000g for 20 min. When antibodies against polysaccharide A were tested on t issue sections in the indirect 
IF method, antibodies against rabbit  IgG, isolated f rom se ra  with the aid of immunosorbent  and labeled with 
f luoresce in  isothiocyanate,  were used. The method of prepar ing the antibodies and t issue sections and their  
subsequent t rea tment  were descr ibed previously [1]. Antibodies against polysaccharide A (0.5-1.5 mg/ml)were  
tested on sect ions of human and guinea pig thymus and skin t issue.  The t issue sections were incubated with 
antibodies for 45 min or  2 h at 18-20~ [8]. The sect ions were then washed, labeled antibodies were applied 
to them, and incubation was car r ied  out for  35 min. 

EXPERIMENTAL RESULTS 

Prepara t ions  of antibodies against  polysacchar ide A, designated low-affinity antibodies, were isolated 
f rom the major i ty  of s e ra  obtained by immunizat ion of rabbits  with low doses of s t rep tococcal  cul ture by elu- 
tion with acid buffer,  pH 5.0 (Fig. 1). The low-affinity antibodies isolated from some se ra  c r o s s - r e a c t e d  with 
polysacchar ides  A and L. Some of the low-affinity antibodies reacted in the GDT with polysacchar ide A only. 
None of the eight batches of low-affinity antibodies studied reacted with epithelium of skin and thymus.  Of the 
seven se ra  obtained af ter  a second cycle of immunizat ion of the animals with high doses of s t reptococcus ,  no 
significant quantities of low-affinity antibodies could be isolated by elution with acid buffer.  

A smal l  quantity of antibodies with a higher degree of affinity was isolated f rom some se ra  by the same 
method (Fig. 1). These antibodies reacted  with epithelium of the s t ra tum basale of the epidermis .  La te r  anti- 
bodies were isolated without the use of columns, by means of 3 M KCNS. Low-affinity antibodies were f irst  
washed off with acetate buffer, pH 5.0. The antibodies thus obtained, designated high-affinity antibodies, 
reacted  with polysaceharide A in the GDT (Fig. 2). No react ions  of high-affinity antibodies with polysaccharide 
L were found. The addition of bovine se rum albumin to the potassium thiocyanate had a marked stabilizing 
action on the activity of the antibodies in the GDT with polysacchar ide A and in the react ion with skin and 
thymus epithelium. Eleven batches of antibodies obtained from six immune se ra  reacted with the epithelial 
cel ls  of these t i s sues  (Fig. 3). The preparat ions  differed in the i r  activity, depending on the se rum used for 
isolation. Four  se r ies  of high-affinity antibodies obtained from two se ra  did not reac t  with epithelium of skin 
and thymus.  In control  exper iments ,  preparat ions  containing only se rum albumin did not give f luorescence of 
the epithelial s t ruc tu res  when tes ted by the indirect IF method. Prepara t ions  of antibodies active when tested 
by this method on skin and thymus sections,  vir tually lost their  ability to reac t  with epithelial cells af ter  inhi- 
bition by polysaceharide A. 
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Fig. 2. Testing antibodies removed from immunosorbent containing poly- 
saecharide A in GDT with polysaccharide A. Central well contains antibodies 
in a concentration of i mg/ml; peripheral wells contain polysaeeharide A in 
concentrations of 6-100 pg/ml. 

Fig. 3. Testing high-affinity antibodies to polysaccharide A by the indirect IS 
method on section of human embryonic skin. Reaction of antibodies with cyto- 
plasm of cells of stratum basale of epidermis. 

The major i ty  of preparat ions  of high-affinity antibodies against polysaceharide A, isolated f rom the se ra  
of rabbits  immunized with group A s t reptococcus,  thus reacted with epithelial cells of thymus and skin. The 
ability of antibodies to react  with a t issue antigen evidently depends on their  degree of affinity, for  none of the 
preparat ions  of low-affinity antibodies, which were obtained under mild conditions and reacted well with poly- 
sacchar ide  A in the GDT, reacted with epithelium of skin and thymus.  

Inhibition of active antibodies by polysaccharide A leads to abolition of the react ion with epithelium, evi- 
dence of its specificity.  Previous  investigations showed that the react ion of antibodies to polysaccharide A with 
epithelial cells was unconnected with the presence  of antibodies against other  group A s t reptococcal  antigens 
and the rhamnose  determinant  of polysaccharide A as impuri t ies  [5, 10]. Ability to react  ~vith epithelial cells 
likewise is evidently not connected with antibodies against the common determinant  for  polysacchar ides  A and 
L, for  this react ion was found not to depend on the presence of antibodies against polysaccharide L. Conse-  
quently, the difference in the activity of the antibodies in react ions with epithelial cells of thymus and skin was 
evidently not due to differences  in the i r  specificity,  

Potass ium thiocyanate is an effective agent for  removing antibodies f rom an immunosorbent  [7, 13]. 
However, its use leads to considerable denaturat ion of antibodies against polysaccharide A [13]. In fact, some 
batches of antibodies isolated in the absence of se rum albumin were inactive or  weakly active when tested in 
the GDT and in the reac t ion  with epithelial cells.  Albumin evidently has a stabilizing action, though this does 
not rule out a possible disturbance of the conformation of some antibody molecules .  These antibodies may per-  
haps reac t  with the more  access ible  antigenic determinant  of polysaccharide A in the GDT, but they are  
inactive in the react ion with t issue antigens. Antibodies obtained f rom different animals evidently differ in 
the i r  res i s tance  to the denaturing action of KCNS. These suggestions help to explain the absence of react ions 
of cer ta in  preparat ions ,  containing high-affinity antibodies against polysaccharide A in the GDT with epithelial 
cel ls .  
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Investigations in the wr i t e r s '  l abora tory  have shown that  the sensi t ivi ty  of cel ls  to Coxsackie ]3 virus is 
la rgely  de te rmined  by alkaline phosphatase (Enzyme Nomencla ture  3.1.3.1) activity.  Activity of this enzyme 
is sharply reduced in cel ls  res i s tan t  to this  virus  [1-3, 7, 8, 10]. Alkaline phosphatase activity is unchanged 
in cel ls  r es i s t an t  to poliovirus;  it was shown la te r  on a di f ferent  object  ( h u m an -m u r in e  hybrid cells)  that the 
sensi t ivi ty of cel ls  to poliovirus is linked with glucose phosphate i somerase  activity [9]. 

If loss of sensi t ivi ty of cel ls  to pa r t i cu la r  v i ruses  is based, in ter  alia, on an insufficiently high activity 
of ce r t a in  enzyme sys tems ,  it would be logical  to at tempt to r e s t o r e  the lost  sensi t ivi ty by t r ea tmen t  with the 
corresponding enzymes .  

In the present  study an at tempt was made to r e s t o r e  the sensi t ivi ty  of human J-41 cel l  cu l tures ,  which 
had become specif ical ly  res i s tan t  to Coxsackie ]33 virus a f te r  a period of chronic  infection, by introducing exog- 
enous alkaline phosphatase.  

E X P E R I M E N T A L  M E T H O D  

Cul tures  of cel ls  of human or igin  were  used: continuous cel l  line J-96, highly sensi t ive to Coxsackie 113 
virus ,  and subline J-41,  res i s tan t  to this virus and obtained f rom J-96 cells  by exposure  to Coxsackie ]33 
vi rus  [4, 6]. Af ter  a short  period of chronic infection and r emova l  of the virus the J-41 subline was found to be 
specif ical ly  res i s t an t  to homologous virus  and to differ  f rom the original  cel ls  by its low alkaline phosphatase 
act ivi ty [1]. The cel ls  were  cul tured in 50-ml  f lasks with s t r ips  of covers t ips  in medium 199 with 10% bovine 
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