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Binding of protein and peptid~ antigens (of serum, bacterial, or viral origin) with ar- 
tificial polyelectrolytes (PE; polybases and polycarboxylic acids), through complex forma- 
tion or covalent bonding of the components, can yield highly immunogenic artificial antigens 
[3, ii, 12]. Correlation has been found between the immunostimulating properties of a ser- 
ies of polyelectrolyte polymer analogs and the immunogenicity of their protein mixtures, on 
the one hand, and the character of complex formation in these mixtures on the other hand [4]. 
It has been suggested that the physicochemical basis of manifestation of the immunologic 
properties of protein--PE complexes probably lies in the ability of free sites of the polymer 
chain in the composition of the complex (loops, free ends, and so on) to undergo cooperative 
sorption on the surface of immunocompetent cells [2, 5]. The critical character of the in- 
fluence of the degree of polymerization of PE on their immunostimulating properties has re- 
cently been established [6]. 

Complex formation between proteins and PE is characterized by a significantly nonhomoge- 
nous distribution of protein globules among the polyions adsorbing them [7, 8]. The number 
of protein molecules per polymer chain depends on the degree of polymerization (Pn) of PE 
and increases as a linear function of chain length. There is a certain critical value Pncr, 
above which nonstoichiometric polymer-protein complexes are formed, i.e., the "epitopic" den- 
sity of the protein in the composition of the polyelectrolyte complex increases. Because of 
this, the study of the character of dependence of immunogenicity of artificial antigens on 
the length of the carrier polymer bound with the proteins, and on the immunostimulating ac- 
tivity of free PE, and the study of dependence of immunogenicity on the number of bound pro- 
rein molecules in the composition of polymer homologs of soluble covalent conjugates are of 
great importance for the understanding of the mechanisms of immunogenicity of artificial an- 
tigens and of the "adjuvant" action of PE. 

The aim of the present investigation was to study these problems. 

EXPERIMENTAL METHOD 

Fractions of polyacrylic acid (PAA) and poly-4-vinylpyridine (PVP) were obtained by 
known methods [9, 13]. PVP R were obtained by quaternization of the PVP fractions with bromo- 
acetic acid [7]. The average degree of quaternization was 50%. Narrow fractions of PAA 
with degrees of polymerization (P~) of 43 (PAAI), 170 (PAA2), 430 (PAA3), 570 (PAA~), and 
1140 (PAA~) were chosen as test objects; P~ for PVP R was 103 . 

Covalent bonding of PAA and PVP R was carried out through a stage of activation by car- 
bodi-imide (CDI; from Serva, West Germany) [i, ii]. 

The immune properties of solutions of the conjugates were studied on C57BL/6 and (CBA • 
C57BL/6)F: hybrid mice weighing 22-24 g, obtained from the Stolbovaya Laboratory Animals Nur- 
sery, Academy of Medical Sciences of the USSR. The number of IgM- and IgG-antibody-forming 
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Fig. i. Hypothetical scheme of structure of BSA-PAA 
conjugates with different degrees of polymerization 
(Pq) of the polyacid carrier: a)Pq > 570, b) Pq < 
570, c) Pq = 570. 
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Fig. 2. Kinetics of AFC accumulation during immuniza- 
tion of animals with a solution of pure BSA (i) and 
of its conjugates with PAA with different values of 
Pq: 43 (2), 570 (3), 1140 (4). Abscissa, days after 
immunization; ordinate, number of AFC. 

Fig. 3. Dependence of maximal number of AFC formed 
in response to injection of BSA-PAA_conjugates on Pq 
of carrier polymer. Abscissa, log Pq; ordinate: on 
left, number of AFC; on right, ratio of number of AFC 
in experiments to their number in control. 2 and 3) 
Dependence of relative number of AFC formed in re- 
sponse to injection of SRBC on degree of polymeriza- 
tion of PAA nd PAA*. Values of AFC for PAA and PAA* 
are equal. 

cells (AFC) to bovine serum albumin (BSA) was determined 3, 6, 9~ 12, and 17 days after in- 
traperitoneal immunization in the spleen of the mice, by a modified method [14], using 
sheep's red blood cells (SRBC) loaded with BSA. Loading with BSA was carried out with the 
aid of CrCI3"6H20 (from Merck, West Germany). 

The immunostimulating activity of PAA was studied on a model of the immune reaction of 
(CBA • C57BL/6)F, mice to a suboptimal immunizing dose of 5.106 SRBC. At the same time the 
mice were given an injection of PE in a dose of 50 mg/kg body weight. AFC were counted on 
the 4th-5th day by the local hemolysis in gel method [14]. 

The binding mechanism and structure of the soluble covalent conjugates formed were stud- 
ied by methods of high-speed sedimentation, gel permeation chromatography, and viscosimetry 
[ 7 ,  8 ] .  

EXPERIMENTAL RESULTS 

The results of the physicochemical measurements enabled the following hypothetical 
schemes of the particle structure of water-soluble conjugates to be suggested (Fig. i). 
Binding of BSA with PAA in the case of covalent_conjugation depends on the degree of polymer- 
ization of the polyion. A critical value Pq =Pncr exists, above which binding is effected 
by an irregular distribution of protein molecules among the PE adsorhing them. It is sug- 
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gested that the irregular distribution is due to positive interaction between protein glob- 
ules in the composition of the complex particle (Fig. la). Under these circumstances the 
number of protein molecules bound with 1 PAA macromolecule increases as a linear function of 
the degree of polymerization of the polyion. At relatively low degrees of polymerization of 
PAA the character of binding of the components changes and the role of the carrier is as- 
sumed by protein globules. In that case macromolecules of conjugates are in all probability 
formed by BSA globules, in contact with one another, and "cross-linked" by many short chains 
of linear PE (Fig. ib). There exists an intermediate degree of PAA polymerization when the 
soluble conjugate is equimolecular in composition (Fig. ic). 

The kinetics of AFC accumulation for pure BSA and for its conjugates with PAA with dif- 
ferent values of P~, is shown in Fig. 2. A single immunization of mice with pure BSA and 
with BSA-PAAI conjugate did not lead to the production of a significant number of AFC 
against the protein. After injection of BSA-PAA4 and BSA-PAA5 conjugates, many more AFC ac- 
cumulated in the spleen of the immunized mice than after immunization of the animals with 
pure BSA. The most marked immune response developed to injection of the BSA-PAA5 conjugate. 

Dependence of the number of AFC (IgM and IgG) at the peak of the immune response in 
mice immunized with covalent BSA-PAA conjugates on thedegree of polymerization of the car- 
rier polyacid is shown in Fig. 3 between semilogarithmic coordinates. The immune response 
to protein was exhibited only after certain critical values (Pncr) and increased sharply 
with an increase in P~. Similar results also were obtained for covalent PVPR-BSA conjugates 
[12]. In the latter case, five BSA molecules bound with one PE macromolecule. 

It was shown previously that among the stable PE-protein complexes studied, the lowest 
degree of stimulation of AFC production was observed for the BSA-PVP (Ro, R16) polycomplex. 
This complex was prepared at pH 4.2 in the absence of any specially added low-molecular- 
weight salt [I0]. Under these conditions its characteristic composition (Ni) was from 3 to 
4, i.e., 3 or 4 protein molecules were bound with i PE macromolecule. At physiological val- 
ues of ionic strength and pH the soluble complex lost some protein molecules and was depos- 
ited as a residue in which only one protein globule was present per PE chain. It can be ten- 
tatively suggested that the same thing happens also when soluble BSA-PVP (Ro, R16) complex 
is injected into the blood stream, i.e., under those conditions the number of protein mole- 
cules in the composition of the complex is reduced. That is evidently why the protein anti- 
gen in the composition of such a complex induces the weakest immune response. 

An increase in the number of protein molecules in the composition of both complex and 
conjugate thus makes an important contribution to the immunogenicity of the artificial high- 
molecular-weight antigen. 

The critical absence of dependence of the relative number of AFC on polyion length also 
was found during a study of the immunostimulating activity of PAA matrices not bound with 
proteins. The corresponding curves for fractions, and also the data for PAA fractions acti- 
vated with CDI (PAA*), are given in Fig. 3. These last fractions can form stable conjugates 
~n v~vo with components of biosystems. The immunostimulating activity of the polyion was ex- 
hibited in both cases only after certain critical values of P~ had been reached, then rose 
sharply, and at high values of P~ virtually reached the limit. 

When P~ = Pn~r, the composition of the conjugate corresponded to equimolar, but when 
P~ > P~cr' as already mentioned, covalent cross-linking of protein and PE was accompanied by 
aggregation of protein molecules in the composition of the conjugate. 

Thus when P~ > Pncr positive correlation is observed between the immunostimulating ac- 
tivity of the carrier polymer, the immunogenicity of the complex antigens, and the ability 
of the polymer molecule to aggregate protein globules, depending on the length of the PE 
chain. The critical character of dependence on P~, both in the case of manifest immunostimu- 
fating activity of PE and in the case of an immune response against the protein bound with 
PE, is evidence that common mechanisms operate in both cases and it is in agreement with the 
hypothesis of the role of cooperative interaction between complex antigens and components of 
the immune system. However, this last hypothesis is a necessary but insufficient condition. 
In our view, a further factor which plays an important role in immunogenesis is the "epi- 
topic" density of the protein antigens in the composition of the carrier polymer. However, 
before a final solution to the problem of the role of the number of bound protein molecules 
in immunogenicity of protein--polymer conjugates can be finally solved, it is essential to ob- 
tain conjugates of such a kind that equal number of protein molecules is present on polymer 
chains with an equal degree of polymerization (equal length of molecule). 
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Administration of vitamin A to mice undergoing simultaneous immunization with ~-G-globu- 
lin, to which they were tolerant, abolishes this tolerance and induces antibody production, 
i.e., it has the action of an immunologic adjuvant [8]. Subsequently investigations were pub- 
lished in which administration of vitamin A to animals stimulated the immune response to cer- 
tain T-dependent antigens [5, 6]. Meanwhile some investigators not only were unable to de- 
tect any stimulation of the immune response after administration of vitamin A, either in vi- 
tro or in v~vo, but in some cases they even observed the development of immnnosuppression in 
such cases [7, 13]. The effect of vitamin A on cellular immunologic reactions has been stud- 
ied mainly on a model of skin transplantation and blast transformation of lymphocytes in re- 
sponse to the mitogenic stimulation with simultaneous addition of vitamin A to the culture. 
The results of these investigations were quite contradictory [3, 7, 14, 15]. 

This paper describes an experimental study of the effect of vitamin A on the T-depen- 
dent and T-independent humoral immune response with analysis of immunoregulatory activity of 
suppressor lymphocytes -- cells responsible for regulation of the immune response. The ef- 
fect of administration of vitamin A to the animals on the intensity of blast transformation 
of lymphocytes during mitogenic stimulation also was studied. 
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