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C O M B I N E D  A C T I O N  O F  P R O T E I N - C H O N D P O I T I N - 4 - K E R A T A N - S U L F A T E  

A N D  H Y A L U R O N I C  A C I D  ON A G G R E G A T I O N  A N D  A D H E S I O N  O F  R E D  C E L L S  

S. M. B y c h k o v  a n d  S. A.  K u z ' m i n a  UDC 612.111.44:547.995.13/ .15  

The ra t e  and degree  of aggrega t ion  of r ed  ce l l s  produced by a m ix tu r e  of  p r o t e i n - c h o n d r o -  
i t i n - 4 - k e r a t a n - s u l f a t e  (PCKS) and hyaIuronic  acid (HUA) were  found to be g r e a t e r  than the 
sum o f  the values  of  the co r respond ing  indices for the s e p a r a t e  act ion of these  pro teoglycans  
on red cell  aggregat ion  in the s a m e  concent ra t ions  as  in the m i x t u r e s .  It is sugges ted  that  
this effect  is due to the fo rmat ion  of a hybr id  PCKS-HIUA complex  in the m i x t u r e  which is 
m o r e  accu r a t e  as r e g a r d s  red  cel l  aggrega t ion  than the s e p a r a t e  components .  
KEY WORDS: p r o t e i n - c h o n d r o i t i n - 4 - k e r a t a n - s u l f a t e ;  hyaluronic  acid; complexes ;  red 
blood ce l l s ;  aggrega t ion .  

Studies of  t h e r o l e  of p ro teog lycans  in the aggregat ion  and adhesion of ce l l s ,  using red blood ce l l s  as a 
model  of isolated ce l l s  have shown that  the abi l i ty of p r o t e i n - c h o n d r o i t i n - 4 - k e r a t a n - s u l f a t e  (PCKS) and h y a l u r -  
onic acid (HUA) to induce nonspecif ic  r e v e r s i b l e  aggrega t ion  of r ed  ce l l s  is due main ly  to the p r o p e r t y  of  these  
b iopo lymers  of c rea t ing  s u p r a m o l e c u l a r  complexes  and t h r ee -d imens iona l  s t r u c t u r e s  in solut ions which d i s -  
place the red cel ls  f rom the space  they occupy into a s epa ra t e  phase .  E lec t ros ta t i c  in te rac t ion  between the red 
cel l  su r face  and these  macropo lyan ions  evidently p lays  a l e s s  impor tan t  ro le  in red cell  aggrega t ion  [2, 3]. It 
has been suggested that  red  cell  aggregat ion  induced by PCKS and HUA is an expres s ion  of common  p r o p e r t i e s  
of  these  p ro teog lycans  of  concentra t ing va r ious  t i s sue  e lements  in a definite and l imi ted  space ,  and thus enabling 
all  f o r m s  of in te rac t ion  between them to be man i fe s t ed  [2, 3, 5]. 

In o r d e r  to p robe  deepe r  into the ro le  of p ro teog lycans  in cell  adhesion,  in the invest igat ion desc r ibed  b e -  
low the combined act ion of PCKS and HUA on red cel l  aggregat ion  was s tudied,  for  in m a n y  types  of connect ive 
t i s sue  these  two subs tances  coexis t  in va r ious  amounts  and,  by combining with each o the r ,  they m a y  form hy -  
br id  complexes  [6-10]. 

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

PCKS was isola ted f rom the car t i lag inous  r ings  of  the bovine t r achea  [4] and EUA f rom human umbi l ica l  
co rds  [1]~ Both b iopo lymers  we re  used in the exper imen t s  as  the i r  po tass ium sa l t s .  

Rabbit  red blood ce l l s  were  washed with physiological  sa l ine  and a 1% (by volume) suspens ion  of these  
ce l l s  was p r e p a r e d  in the s a m e  solution. P ro teog lycans  dissolved in 0.16 M NaC1 were  added to a known volume 
of the suspension in sufficient  quanti ty to obtain the n e c e s s a r y  final concentra t ion  of the pro teoglycan.  The 
mix tu r e  was quickly s t i r r e d  and pa r t  of  it t r a n s f e r r e d  to a counting chamber ,  a f t e r  which it  was photographed 
at var ious  t ime  in te rva l s  under  the m i c r o s c o p e  qnagnification 120). The total  numbe r  of  ce l l s  was counted 
v isua l ly ,  by means  of a p r o j e c t o r ,  f rom the photographic  f r a m e s  taken during the f i r s t  1-2 rain. The n u mb er  of 
s ingle  red  ce l l s ,  i .e . ,  unaggrega ted ,  was  counted in the s a m e  f r a m e s  obtained subsequent ly,  The d i f fe rence  
between the init ial  total  number  of red  ce l l s  and the number  of  ce l l s  s t i l l  r emain ing  s ingle  a t  the subsequent  
t imes  gave the num ber  of red  ce l l s  forming agg rega t e s .  Aggregat ion was e x p r e s s e d  by the number  of a g g r e -  
gated red ce l l s  as  a pe rcen tage  of  the i r  total  number .  A suspens ion of red  ce l l s  in physiological  sa l ine ,  photo-  
graphed a f t e r  the s a m e  t ime  in te rva l s  as the exper imen ta l  s a m p l e s ,  s e rved  as the control .  Aggregat ion of  the 
red ce l l s  was  not obse rved  in the contro l  s ample s .  

(Presented by Academic ian  of the Academy of  Medical Sciences of the USSP S. S. Debov.) T rans l a t ed  
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Fig. 1. Kinetics of  red cel l  aggrega t ion  on combined act ion of PCKS and tlUAo A: a) 0.008go 
PCKS + 0o008go ttUA, b) sum o f c  and d, c) 0~ HUA, d) 0.008go PCKS; B: a) 0.032% PCKS 
+ 0.008go HUA, b) sum o f c  and d, c) 0.032% PCKS, d) 0o008go tlUA; C: a) 0.063% PCKS + 0.004go 
HUA, b) sum of c and d, c) 0.063% PCKS, d) 0o004go HUA; D: a) 0.125go PCKS + 0.004go HUA, b) 
sum of c and d, c) 0o125go PCKS, d) 0.004go IIUA; E: a) 0.125go PCKS + 0o008go HUA, b) sum of 
c and d, c) 0o125go PCKS, d) 0.008go ttUA; F: a) 0~ PCKS + 0.004go HUA, b) sum of c and d, 
c) 0o250go PCKS, d) 0,004go I4UA. A b s c i s s a ,  t ime  ~n rain):  o rd ina te ,  aggregat ion  (in %)~ 

Fig. 2o Dependence of red cell  aggrega t ion  on concentra t ion of PCKS in the p r e sence  of HUA. 
1) PCKS + HUA; 2) PCKS; 3) ra t io  between degree  of aggregat ion  in m i x t u r e s  of PCKS + HUA 
and that  obse rved  in the absence  of HUA. Absc i s sa ,  PCKS concentra t ion  (in go); o rd ina te :  
lef t  - aggrega t ion  a f t e r  60 rain {in go), on r ight  - ra t io  between values  of  aggregat ion.  

The reac t ion  of the solution in all  the expe r imen t s  was c lose  to neut ra l  @H 7.2-7.4) 

EXPEBIMENTAL i~ ESULTS 

The study of the kinetics of red cell aggregation gave the following results: If, in the case of the separate 
addition of PCKS and HUA, the concentration of the former was insufficient to cause aggregation, and the con- 
centration of the latter was such that only slow and a very slight degree of aggregation was observed, if both 
these maeropolyanions were present in the same solution and in the same amounts, rapid aggregation of these 
cells took place, to the extent of 80go during the first 5 rain (Fig. IA). A mixture consisting of quantities of 
PCKS and HUA which separately gave a weak action of this sort caused total aggregation (95-I00go) in 5 rain 

(Fig~ IB, E). With PCKS in concentrations of 0.063, 0.125, and 0.250go the degree of aggregation of the red 
cells after this period was 40,60, and 70go, respectively. Addition of 0.004go HUA, which in this concentration 
by itself had no effect of this sort on the red cells, to the above concentrations of PCKS caused rapid and com- 
plete (100go) aggregation of red cells in all these mixtures (Fig. IC, D, F). 

The kinetic data show that the rate and degree of red cell aggregation following the combined action of 
PCKS and HUA were always greater than the sum of the indices obtained when the two biopolymers acted sepa- 
rately and independently on aggregation, in the same concentrations in each case (Fig. i). 

A study of the dependence of the degree of red cell aggregation on the concentration of PCKS in the pres- 
ence of HUA in amounts which themselves do not induce aggregation or do so only to a very slight degree showed 
that the degree of aggregation in such mixtures is relatively independent of the PCKS concentration in them 
(Fig. 2). Even with PCKS in concentrations of 0.008 to 0.032go, giving rise to 5-30% aggregation, if the mix- 
tures contained 0.004-0.008go HUA the degree of aggregation reached 80-90go, i.e., practically the same as oc- 
curred under the same conditions but with PCKS in a concentration of 0.063-0.250go. The relative increase in 
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the deg ree  of red cel l  aggrega t ion  on account  of  HUA was thus g r e a t e s t  in the p r e sence  of low concent ra t ions  
of  PCKS, which t h e m s e l v e s  induced only a v e r y  sl ight deg ree  of aggregat ion.  In m i x t u r e s  of  PCKS and HUA 
containing 0~ of each macropo lyan ion  the deg ree  of aggregat ion  was 16 and 4 t imes  g r e a t e r  than the d e -  
g r ee  obse rved  when PCKS and HUA re spec t i ve ly  acted independently.  With an i n c r e a s e  in the PCKS c o n c e n t r a -  
tion the re la t ive  i n c r ea s e  in aggrega t ion  in the p r e s e n c e  of I4UA ini t ial ly fell sha rp ly ,  but l a t e r ,  s t a r t ing  with 
PCKS in a concentra t ion  of 0.032%, aggregat ion  was only 3-1.5 t imes  g r e a t e r  than that  produced by PCKS alone 
(Fig. 2). It should be noted that  such smal l  concent ra t ions  of  IaUA had a ve ry  powerful  effect  on red  cell  a g -  
gregat ion  in the p r e s e n c e  of  PCKS. 

The g r e a t e r  rapidi ty  and deg ree  of aggregat ion  of red ce l l s  in a m ix tu r e  of PCKS and ttUA than when they 
act  indepedently a r e  thus not the r e su l t  of  summat ion  of the s epa ra t e  act ions  of  the two p ro teog lycans .  The 
phenomenon obse rved  is evidently due to the fo rmat ion  of a hybr id  PCKS -HUA complex ,  which is pe r fec t ly  
feas ib le  under the exper imenta l  conditions used,  for such complexes  read i ly  fo rm when solut ions of these  two 
pro teoglycans  a r e  mixed  [7]. Giant m a c r o m o l e c u l e s  of  the PCKS-I4UA complex ,  while p r e s e r v i n g  ce r t a in  in-  
dividual p r o p e r t i e s  of  each component ,  c r e a t e s  m o r e  complex  s t r u c t u r e s  in solution than PCKS and HUA s e p -  
a ra te ly .  By v i r tue  of this  fact ,  s t r u c t u r e s  of  the PCKS-I-tUA complex  d isp lace  the red ce l l s  f rom the space  
they occupy in the solution into an i so la ted  phase  much  m o r e  effect ively than s t r u c t u r e s  composed  of PCKS 
and HUA alone.  The r a t e  and deg ree  of  aggrega t ion  of red  ce l l s  in a solution of m i x t u r e s  of  PCKS and HUA a r e  
thus g r e a t e r  than the sum of the values  of  these  indices for  the independent act ion of PCKS and HUA in this r e -  
specto 

In m i x t u r e s  with low and app rox i m a t e l y  equivalent  concent ra t ions  of PCKS and HUA, a f t e r  the fo rmat ion  
of the PCKS-HUA complex  only negligible amounts  of  these  pro teoglycans  r ema in  in the f ree  form.  Under 
these  conditions the only b iopo lymer  producing aggregat ion  of the red ce l l s  is this  complex ,  and a rough idea 
of its aggregat ing  act ivi ty  can be obtained f rom the va lues  of  the ra te  and deg ree  of aggrega t ion  in this case .  
With high concent ra t ions  of  PCKS and low concent ra t ions  of HUA in the m i x t u r e s ,  when all  the avai lab le  amount 
of the l a t t e r  is combined into a complex ,  but some  of the PCKS in the m i x t u r e  st i l l  r e m a i n s  f r ee ,  aggrega t ion  
of red ce l l s  m a y  pe rhaps  take p lace  through the addi t ive act ion of the P C K S -  14UA complex  and f ree  PCKS. 
Under these  condit ions,  however ,  m o r e  complex  re la t ions  between the PCKS-HUA complex ,  PCKS, and the red  
ce l l s  cannot be  ruled out. For this r e a s o n ,  and a lso  because  of  the cons ide rab le  va r iab i l i ty  in the content of  
the two components  in the PCKS-HUA complex [7, 8], i t  is imposs ib le  at  this  s tage  to give a s t r i c t ly  quant i ta -  
t ive  desc r ip t ion  of the re la t ionship  between the r a t e  and deg ree  of aggregat ion  of red  ce l l s  and the ra t io  between 
the concentra t ions  of PCKS and HUA in the m i x t u r e s .  

The r e su l t s  of this invest igat ion sugges t  that  one of the biological  functions of the ground subs tance  of 
connect ive t i s sue  is to l imi t  the d i spe r s ion  of ce r t a in  t i s sue  e l emen t s  and concent ra te  them in pa r t i cu l a r  m o r -  
phological  s t ruc tu ra l  fo rmat ions  by m e a n s  of  the m e c h a n i s m  the e s sence  of which has  been indicated above,  
and which was desc r ibed  in g r e a t e r  detai l  in the w r i t e r s '  p rev ious  communica t ions  [3, 5]. 
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