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A previously unknown phenomenon of acquired polyreactivity of serum immunoglobulins, which were
subject to the effect of concentrated solutions of chaotropic ions, such as KSCN (3.0-5.0 M), low/high pH
(pH 2.2-3.0), or heating to 58-60 °C, was originally described by the authors in 1990. Eleven years after that,
similar data were published by J. P. Bouvet et al.(2001), which confirmed completely our results concerning
the influence of either chaotropic ions or drastic shift of pH on polyreactive properties of immunoglobulins.
Our further investigations (1993, 1995, 1998) of polyreactive serum immunoglobulins (PRIG) properties have
revealed that the mechanism of nonspecific interaction between PRIG and antigens much differs from the
mechanism of interaction between specific antibodies and corresponding antigens. Later we have shown
that the increase in PRIG reactivity could be induced in vivo (1999) and PRIG are one of serum components
of human or animal sera. Then, it could be suggested that PRIG may perform certain biological functions.
Studying PRIG's effect on the phagocytosis of microbes or on the tumor growth (S. A. Bobrovnik et al., 1995,
1998) have revealed that PRIG may play a certain role in protecting the body from infections and probably
may influence the development of various pathological processes. Recently we also found (S. A. Bobrovnik et
al., 2014) that IgG PRIG content significantly increases in aged people. These data demonstrate that further
investigations of PRIG's immunochemical properties and study of their biological role in organism protection
from various diseases is very important.
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Detection of polyreactive immunoglobulins But we have soon established that preliminary
removal of immune complexes from sera (by their
precipitation with polyethylene glycol) has practi-
cally no influence on their ability “to become acti-
vated” under the above effects. Moreover, not only
human and animal sera had the property “to become
activated”, but also immunoglobulin fractions iso-
lated from them (Fig. 1), which seemed to contain
almost no immune complexes [1, 2]. Acidification (to

pH 2.0-3.0) or alkalization (to pH 11.0-12.0) as well

The phenomenon of immunoglobulin polyreac-
tivity was first detected by the authors when study-
ing the content of immune complexes in animal
serum. It has been established that the animal sera,
treated with solutions of chaotropic salts (3.0-5.0 M
solution of KSCN) or acidified to pH 2.0-2.5 with
the aim to dissociate the supposed immune com-
plexes, acquire the ability to bind with various an-
tigens several times stronger than initial sera [1, 2].

Since the aim of sera treatment by KSCN solution
or their acidifying to pH 2.0-2.5 was the destruction
of the supposed immune complexes, the revealed in-
tensification of sera reactivity after such treatments
seemed rather logical and connected with dissocia-
tion of immune complexes, i.e., with unblocking of
antibodies available in the serum which had been
blocked by the antigen.
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as heating of sera during 10-20 min at 58-60 °C also
led to such “activation”. It has become clear that we
deal here with the phenomenon that has never been
described in the literature.

At that time it was extremely interesting and
unclear for us that the antibodies activated in this
manner possessed practically no specificity and were
able to react almost in the same way with absolutely
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various antigens which were serologically unallied.
In this connection we called these antibodies “poly-
specific” in our first works. Later immunoglobulins
activated in this way and then similarly treated mon-
oclonal antibodies which had lost their specificity
were called polyreactive immunoglobulins (PRIG).
Initially, the original cause of the detected polyspeci-
ficity of PRIG was not clear and could be explained
in two different ways:

a) The studied samples of “activated” sera con-
tain great quantity of various antibodies and owing
to this can react with different antigens.

b) Each molecule of “activated” PRIG is able to
bind nonspecifically to different, serologically unal-
lied antigens.

We succeeded in solving this problem in the
very beginning of the investigations [1, 2] in the
following way. We performed experiments where
studied the polyreactive samples of antibodies not
only for binding ability to antigens adsorbed on
plates, but also for inhibiting PRIG by soluble an-
tigens as well as by those immobilized on the plate
and by serologically foreign antigens. Since PRIG
binding with the antigen immobilized on the plate
could be blocked with almost the same efficiency
by different soluble antigens, and the latter could be
both serologically similar and different to immobi-
lized antigen, and it became evident that PRIG do
not consist of the great number of antibodies, each
of them being specific to its antigen, but vice versa,
each separate PRIG molecule can bind to different
antigens [1].

This conclusion was also confirmed in other
experiments [2]; it was shown that PRIG eluted from
the column, on which a certain antigen A was immo-
bilized, were further able to combine not only with
the same antigen A, but also with other, serologi-
cally unallied antigens B, C, etc., and approximately
with the same efficiency as to antigen A (Fig. 2).
Consequently, the above experiments have unam-
biguously demonstrated that the interaction of PRIG
and various unallied antigens is absolutely nonspe-
cific, and this nonspecificity is connected with just
a small set of various PRIG molecules, but each of
PRIG molecules possesses this nonspecificity. Mean-
time, the cause of this PRIG nonspecificity had not
been clear for us for a long period of time, and only
after the mechanism of PRIG binding to antigens
had been found out, we succeeded in solving this
problem.
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Fig. 1. ELISA titration of intact murine serum (A), its
immunoglobulin fraction (B), and titration after its
treatment with 3.5 M KSCN (C) on ovalbumin im-
mobilized on the plate

Mechanism of enhancing PRIG activity

One of the questions concerning the discove-
red phenomenon of induced polyreactivity of im-
munoglobulins was the question of the cause of a
considerable increase of their immunoglobulin
polyreactivity in respect of various antigens as an
effect of 3.0-5/0 KSCN, sharp shift of pH or heating
to 58-60 °C. A suggestion that antibodies of various
specificity, which are blocked by corresponding an-
tigens, are always available among the pool of im-
munoglobulins seemed the most simple and logical
explanation. Then these antibodies are unblocked as
a result of the above effects, and, correspondingly,
their reactivity in respect of antigens considerably
increases. Another explanation of this phenomenon
was a supposition on the change of conformation of
immunoglobulin molecules under the effect of the
above reagents; as a result they acquire polyreactive
properties.

As was shown experimentally, the first of the
above explanations was incorrect. Firstly, as it was
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said above, we established that PRIG, obtained as
a result of treatment of serum immunoglobulins by
chaotropic ions or low/high pH, do not consist of
separate pools of antibodies, each of them being spe-
cific only for a certain antigen. Instead, they consist
of molecules each of which is able to bind nonspe-
cifically to different antigens.

Secondly, we have performed experiments
trying to detect antigens that could dissociate from
the supposed complexes with serum antibodies in
the process of transformation of the latter into PRIG
[12]. In these experiments the purified fraction of
immunoglobulins was treated by 3.5 M KSCN solu-
tion at 25 °C during 15 min, and then the obtained
mixture was fractionated on Sephadex G75 column
that allowed the separation of high-molecular immu-
niglobulins, low-molecular KSCN salts and expected
dissociable antigens of unknown molecular weight.
No blocking antigens were detected as a result of
such fractionation of the studied mixture of immu-
noglobulins and KSCN [12]. Since we have not suc-
ceeded in detecting antigens which could, owing to
their separation from immunoglobulins, lead to con-
siderable enhancement of reactivity of the latter, the
hypothesis of unblocking of antibodies was called
into question for the second time.

And, thirdly, we succeeded in demonstrating
that most highly specific monoclonal antibodies (as
a result of their treatment with 3.5-4.0 M KSCN so-

lution or acidification to pH 2.3-2.5 at 25 °C) lose
their specificity and acquire polyreactive properties
(Fig. 3). Hence follows the conclusion that serum im-
munoglobulins which, as is known, are a mixture
of numerous antibody clones specific for various
antigens can acquire polyreactive properties under
the effect of indicated actions. [13]. Owing to data
obtained it has become evident that the main cause
of enhancement of the ability of serum immuno-
globulins to bind nonspecifically to antigens (after
immunoglobulins treatment by 3.5-4.0 M KSCN or
pH 2.3-2.5) is the change of molecules conformation,
and as a result there occurs transformation of hither-
to specific serum antibodies into nonspecific PRIG.
In this connection there arose the question:
which part of immunoglobulin molecule in the
process of transformation into PRIG is subject to
structural changes. As is known, the molecules of
antibodies consist of three parts: two Fab-domains
responsible for binding with antigens and one Fc-do-
main with the sites of binding to serum complement
and to Fc-receptors of various cells, this domain also
has the sites of binding to staphylococcus protein A.
Our hypothesis that Fab-domains of immunoglobu-
lins above all are subjected to structural changes in
the process of transformation into PRIG, when Fc-
domain stays practically intact, was confirmed in
corresponding experiments. It has been established
that PRIG can efficiently opsonize bacterial cells [9]
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Fig. 2. PRIG binding to ovalbumin, keyhole limpet hemocyanine and staphylococcus anatoxin immobilized
on plates. A —initial PRIG sample; B — PRIG sample eluted from the column with immobilized keyhole limpet
hemocyanine; C — PRIG sample eluted from the column with immobilized staphylococcus anatoxin
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that evidences for the absence of structure changes
at their sites of binding to Fc-receptors. Besides, it
has been shown that PRIG can fix both the comple-
ment and staphylococcus protein A [14]. All these
data confirm our hypothesis that the transformation
of immunoglobulins into PRIG mainly leads to the
change of properties of Fab-domains responsible for
binding to antigens, but it only slightly affects the
conformation of Fc-domain of immunoglobulins
which is responsible for the effector properties of
antibodies [14].

Mechanism of PRIG binding to antigens

Study of the effect of various factors on the
process of nonspecific binding of PRIG to antigens

has led to the deciphering of the mechanism of
PRIG—antigen interaction. Initially we investigated
the effect of various physico-chemical conditions on
PRIG binding to antigens adsorbed on the plates. In
particular, we tested some salt solutions of different
concentration, pH solutions, temperature. We also
tried to estimate the affinity of PRIG binding to
antigens [6, 7]. However, the obtained data did not
allow establishing the mechanism of PRIG—antigen
interaction, since all of them, except for the tem-
perature effect, gave relatively little information on
differences between PRIG and specific antibodies in
respect of the mechanism of their binding to anti-
gens. And the fact that the temperature elevation up
to physiological values (30-37 °C) is exceptionally
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Fig. 3. A — ANS binding to bovine serum immunoglobulins preliminarily treated with KSCN solutions of
various concentration (from 2.5 to 5.0 M); B — binding of the same samples of bovine serum preliminarily
treated with KSCN solutions of various concentration (from 2.5 to 5.0 M) to bovine serum albumin adsorbed

on the plate
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important for successful interaction of PRIG with
antibodies, whereas the same temperatures did not
influence considerably the binding of specific anti-
bodies to antigens, are in good agreement with the
later established mechanism of the PRIG—antigen
reaction.

Note that the cause of PRIG nonspecificity
(or low specificity of so called natural antibodies
(NAb)) was interesting not only for us but also for
other researchers that detected both serum [15-18]
and monoclonal antibodies cross-reacting with dif-
ferent antigens [18-20]. This nonspecificity is often
explained by the fact that it is primarily connected
with high flexibility (and, as a result, high mobility)
of polypeptide chain of antibodies located in their
binding site to antigens [1, 21-25]. It was supposed
that this causes the adjustment of the structures of
surfaces of two interacting molecules which become
complementary. The idea of importance of high mo-
bility of polypeptide chain in PRIG molecules has
not lost its attractiveness for our model of PRIG in-
teraction with antigens as well, but the main cause
of their mutual affinity in this model has become
somewhat different.

The fact (revealed by the present authors), that
immunoglobulins transformation into PRIG leads to
acquisition by the latter of a considerably higher af-
finity to hydrophobic materials, served as the basic
one in establishing the mechanism of PRIG binding
to antigens. In particular, PRIG are able to be ad-
sorbed much more efficiently on the surface of im-
munologic plates than original intact immunoglobu-
lins which were not subjected to transformation into
PRIG. In this connection there arose the idea that the
basic factor determining unspecific binding of PRIG
to unallied antigens, may be their mutual hydropho-
bic interaction. The experiments performed in this
line have convincinly confirmed our idea.

As is known the binding of specific antibodies
with the corresponding antigens mainly depends on
electrostatic (Coulomb) forces, on Van der Waals
forces and, additionally, on hydrophobic effect
[26-28], the first two types playing the main part.
Since the above forces, especially Van der Waals
ones, increase considerably with a decrease of the
distance between interacting surfaces, it was evi-
dent that high affinity of the antigen-antibody reac-
tion requires as high complementarity of surfaces of
reacting macromolecules as possible. That’s why it is
believed that the basic models of antibodies binding
to antigens are the key-lock model or the model of
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induced fitting of antibody and antigen structures.
The former implies that the forms of interacting sur-
faces of antibody and antigen fit each other as the
key fits the lock, and the latter model supposes that
conformation of interacting molecules may change
inconsiderably in the process of their interaction,
and as a result they become even more complemen-
tary between themselves.

Our data suggested that the intermolecular hy-
drophobic interaction is of basic importance in the
case of PRIG unspecific binding to antigens [29, 30].
This is evidenced by the following. Firstly, as noted
above, the transformation of immunoglobulins into
PRIG is accompanied by enhancing their ability to
bind to hydrophobic materials, for example, to the
surface of polysterene plates performed for immu-
nologic investigations.

Another rather popular test for hydrophobici-
ty extent of the studied protein macromolecules is
spectrofluorometric estimation of the molecules
ability to bind 8-amino-1-naphthol-5-sulphoacid
(ANS). This test has helped us to show [30] that the
ability to ANS binding, and, consequently, the num-
ber of hydrophobic sites on the surface of immuno-
globulins considerably increases as a result of their
transformation into PRIG (Fig. 3, 4). Therewith we
can observe correlation between the ability of PRIG
molecules to bind ANS and the PRIG reactivity in
respect of the antigens immobilized on plates (Fig. 3,
B). These data are confirmed by the conclusion on
considerable increase of PRIG ability to hydrophobic
interaction compared with intact molecules of im-
munoglobulins and on correlation of PRIG reactivi-
ty with the hydrophobicity extent of its molecular
surfaces.

Secondly, such low-molecular substances as
twin 20 or ANS, which are capable to bind to hydro-
phobic sites of protein molecules and, as a result, to
screen them, slightly influence the binding of spe-
cific antibodies to antigens, but in return such sub-
stances extremely efficiently suppress the unspecific
binding of PRIG (Fig. 4. 4 and B) [30]. Thus, this
test also evidences for the necessity of hydrophobic
interaction for successful binding of PRIG to anti-
gens.

And thirdly, we have revealed that thermal
denaturation of protein molecules used as antigens
makes these molecules being absorbed on immuno-
logic plates and exposing the great number of hy-
drophobic sites on their surface to bind PRIG much
more efficiently than the original intact molecules
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Fig. 4. Supressing of PRIG binding to antigen coupled to the plate with various concentrations of ANS (A) or
Tween 20 (B) and the absence of influence of these reagents on binding of specific mAb with the same antigen

of the antigen. Thus, the hydrophobic interaction
in the reaction of PRIG binding to antigens may
be considered convincinly proved and, as a conse-
quence, the basic mechanism of unspecific interac-
tion of PRIG with various antigens is established
[29, 30].

Increase of PRIG activity in vivo

It is evident that PRIG possess the whole num-
ber of properties which permit distinguishing them
from specific antibodies. At the same time it remains
unclear whether it is practically possible to increase
essentially the serum PRIG activity in vivo, or this
process may be realized only in the experiment in
vitro. Since it is quite obvious that neither high con-
centrations of chaotropic ions, nor abrupt shifts of
pH or heating to 58-60 °C may be reached in vivo,
there arises a question on the search of such condi-
tions, which could exist in vivo, and therewith serum
immunoglobulins were able to transform into PRIG.

As it turned out, the so-called reactive oxygen
species (ROS) (including hydrogen peroxide (H,0,),
superoxide radical (O™), or hydroxyl radical (OH"))
may be the factor meeting the above requirements.
We have established [8] that (ROS) not only can in-
duce the transformation of specific monoclonal anti-
bodies into PRIG or considerably increase activity of
serum immunoglobulins, but also the fact that they

10

essentially exceed such physicochemical factors as
chaotropic ions, low/high pH or heating to 58-60 °C
indices this. For example, a mixture of erythrocyte
lisate and H,O, (being a source of ROS) induces to
considerable extent the transformation of serum im-
munoglobulins into PRIG (Fig. 5) [8]. The same ef-
fect on the transformation of serum immunoglobu-
lins into PRIG (Fig. 6, A) or mAt (Fig. 6, B) has
another source of ROS that is the mixture of EDTA
and the variable-valence metal salts, for example,
FeSO,.

The fact that ROS are the factor which causes
the antibodies transformation into PRIG is also
evidenced by the fact that the substances capable
of neutralizing ROS (manitol, sodium azide, or
NaHCO,) efficiently suppress this process. Thus, not
only chaotropic ions, abrupt shift of pH or high tem-
peratures (56-60 °C), but also ROS can essentially
increase PRIG activity. In addition it should be noted
that ethanol solution (optimal concentration 30-40%)
at temperature 37 °C as well as some other organic
solvents, e. g., 40-80% solution of dimethylsulphoxi-
de can transform immunoglobulins into PRIG [34].

Taking into account that ROS are able to cause
the antibodies transformation into PRIG is of great
importance, since, it is known, that ROS can be pro-
duced in vivo, for example, in inflammation sites
or under ischemia/reperfusion of muscles [35, 36].
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Consequently, these facts evidence that at least the
increase of PRIG activity may likely occur under
certain conditions not only in vitro, but also in vivo.
To find out whether PRIG activity is able to be in-
creased in vivo and whether the transformation of
specific mAb proceeds in PRIG is possible we have
performed the following experiments.

Some mice were administered intramuscularly
with EDTA and FeSO, mixture, others with ethanol
diluted to 40% in physiological NaCl solution, the
ischemia/reperfusion of the hind limb muscles was
performed in the third group of animals. An incon-
siderable increase of PRIG activity in vivo occurs
in all these cases, and the formed PRIG may be de-
tected with the help of immunofluorescent and histo-
chemical methods not only in the blood flow of ani-
mals but also attached to the vascular walls (Fig. 7)
[34]. Thus, we have established that the transforma-
tion of antibodies into PRIG in vivo is possible under
certain conditions. Therefore there arises the ques-
tion: can PRIG play any role in organism protection
or, on the contrary, favor development of certain

B
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0.6 o
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Fig. 6. Effect of EDTA and FeSO, mixture of various concentrations on ability of serum immunoglobulins to
transform into PRIG (A) and induction of transformation of monoclonal antibodies (B) into PRIG accompa-
nied by the decrease of mAb activity and appearance of the peak of PRIG activity at FeSO, concentration of

0.3 mM
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Fig. 7. Ultrathin sections of murine hind limb muscles demonstrating PRIG binding to vascular walls. A — sec-
tion staining of murine antibodies with fluoroscein-labeled goat anti-Ig (% 100 times); B — section staining with
desoxybenzidine + H,0, and then with hematoxylin [38] (x 400 times)

As was said above, we have established [9] that
PRIG can efficiently opsonize microorganisms, and,
consequently, to intensify phagocytosis of microbes
with the cells of reticulo-endothelial system. This
means that PRIG, like NAb, may be considered as
one of the components of the first line of defense
from various infections. Later on we also showed
that PRIG have little effect on the level of the humo-
ral immune response of mice to ram erythrocytes,
but increase several times the antibody formation
in respect of such low-immunogenic antigen as pu-
rified tuberculin derivate [14]. Consequently, these
data confirm the supposition of protective functions
of PRIG at least under some diseases.

On the other hand, since PRIG are able to bind
to the vascular walls [34] and to bind a complement,
we cannot exclude that PRIG can favor the develop-
ment of such disease as atherosclerosis. Moreover,
when trying to reveal protective functions of PRIG
at malignant tumors, we have established that PRIG
does not suppress the process of tumor development
but stimulates it considerably (Fig. 8) [10]. So, our
data indicate that PRIG may play both positive role
under infectious diseases and negative one under the
development of atherosclerosis and carcinogenesis.
These data also state that the further study of PRIG
properties and their role in development of numerous
diseases is worth more attention.

12

Avidity of PRIG-antigen interaction

Since PRIG properties are considerably simi-
lar to those of NAb, we can expect that the affinity
of PRIG interaction with antigens is also very low
as it was usually said about NAb [21-23, 35-40].
Objectively, our first experiments on the estimation
of PRIG affinity [6] performed by the method of
Friguet et al. (1985) [41] or by other similar methods
[42-45] have also indicated low PRIG affinity
that, seemingly corresponded with the commonly
accepted picture of direct interrelation between low
specificity and low affinity of this interaction.

But later, when the mechanisms of PRIG in-
teraction with antigens had become known [29, 30],
there doubts arose if such methods may be used to
determine PRIG affinity. Being in water medium,
protein macromolecule strives to hide its hydropho-
bic sites inside a molecule, and their hydrophilic sites
contacting with water molecules are mainly outside.
As soon as just hydrophobic sites on the antigen
surface are required for PRIG binding with antigen
molecules, then the measuring of affinity of interac-
tion by Friguet et al. method (1985) and similar ones
(42-45) will inevitably result in the estimates which
will be hundreds and thousands times lower than
true values of the given magnitude. This happens
for the following reasons.

ISSN 2409-4943. Ukr. Biochem. J., 2015, Vol. 87, N 3
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Fig. 8. Influence of PRIG on the development of ma-
lignant tumor induced by administration of Lewis
carcinoma cells. A — certain dose of Lewis carci-
noma cells was injected into the hind limb of mice
(control). B — PRIG were first administered to mice
intra-peritoneally and then carcinoma cells were
injected into limbs. C — carcinoma cells were incu-
bated with PRIG for 30 min at 37 °C, and then they
were administered to murine hind limb

It is known that to calculate the affinity of an-
tibodies by the above methods either the concentra-
tion of free antibodies or the concentration of their
complexes with antigen after reaching the dynamic
equilibrium in the mixture antigen-antibody are de-
termined. That allows calculating the affinity con-
stant with the help of the transformed mass action
law. There arises a question: are such methods ap-
plicable for estimating the affinity of PRIG, which
have the affinity for the hydrophobic sites of antigen
molecules?

Owing to intramolecular dynamics of protein
molecules, the hydrophobic sites may appear on their
surface stochastically for a short time; these sites are
able to bind to hydrophobic sites of PRIG Fab-do-
mains during the molecules collision. Since only a
small part of the total number of protein molecules
exposes hydrophobic sites on their surface at the mo-
ment, it becomes clear that during affinity estima-
tion the equilibrium constant, calculated as based on
estimating the concentration of antigen molecules
necessary for blocking a certain part of PRIG, will
inevitably be underestimated by several orders.
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In addition to above stated note that it is not
necessary that the PRIG molecule must collide by
its paratope against the molecule of antigen with
momentarily exposed hydrophobic site. Much more
probably it will be another similar antigen molecule,
since in such experiments the concentration of anti-
gen molecules is considerably higher than the con-
centration of PRIG. Owing to this, PRIG molecule
will remain unoccupied by antigen. Consequently,
due to such effect the estimate of affinity in PRIG in-
teraction with a given antigen will prove even more
underestimated and may be millions of times less
than it is in fact. On this basis it becomes evident
that the common methods developed for estimating
the affinity of the binding of specific antibodies to
antigen based on the mass action law are unfit for
estimating the PRIG affinity in water medium in re-
spect to soluble antigens, which surface is mainly
hydrophilic.

To obtain an experimental support of our con-
clusion it was necessary to use not the estimation of
the efficiency of PRIG blocking by soluble hydro-
philic antigen but quite other approaches. One of the
approaches is the estimation of the dissociation rate
of specific antibodies or PRIG bound to the antigen
adsorbed on the plate. Since the reaction of antibo-
dies or PRIG with antigens is reversible, then the an-
tibodies, being in a complex with PRIG immobilized
by antigen or specific antibodies, can dissociate to
the surrounding solution, and this dissociation rate
should be the higher the lower is the avidity of the
bond between the above reagents.

In the case that the affinity and avidity of in-
teraction of a certain antibody with adsorbed anti-
gen is relatively high (e.g., affinity is 1.0x10* M* and
above), the number of antibodies which dissociated
from the immobilized antigen, when they reach the
equilibrium state in this system, will be so small,
that it will be impossible to fix this process even with
the help of such highly sensitive method as ELISA.
This is evidenced both by the theoretical calculations
and by the results of our experiments [46].

However if solution of the same antigen which
was immobilized on a solid-phase carrier is used as
an eluting solution, this process may be intensified
many times, which allows to reveal the elution of
antibodies in a number of ways. We have objectively
found that the incubation of ovalbumin solution in
the holes of plates (ovalbumin being firstly immo-
bilized on these plates, and mAb being adsorbed on

13
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Fig. 9. A — mAb dissociation and full absence of PRIG dissociation from ovalbumin adsorbed on the plate
under the effect of ovalbumin solution (36 mg/ml); B — dissociation of mAb or PRIG which were preliminarily
bound to antigen immobilized on the plate under the effect of KSCN solutions of different molarity (during

20 min at room temperature)

it) led to rather significant elution of already bound
highly affine antibodies (Fig. 9, A). At the same time
the same antigen solution did not induce the disso-
ciation of PRIG bound to ovalbumin. These results
evidence that the avidity of PRIG binding to the
given antibody is, at least, no less than that of the
specific mAb and, possibly, even higher.

One more method which allows us to compare
the binding avidity of specific antibodies and PRIG
is the method of desorption of antibodies or PRIG
previously adsorbed on antigen with the help of con-
centrated solutions of chaotropic ions, for example,
3.0-4.0 M KSCN solution. In this connection we
made an attempt to use this approach to compare the
avidity of mAb or PRIG interaction with ovalbumin
or horse myoglobin adsorbed on the plate.

It was established [46] that incubation of
KSCN solution in the holes of the plate (antigen was
previously immobilized on it and specific mAb or
PRIG were then bound to it) leads to the efficient
elution of both bound mAb and PRIG. Therewith
KSCN solutions caused dissociation of about 80%
mAD during 20 min at room temperature, while the
same KSCN solutions also caused dissociation of
PRIG from immobilized ovalbumin, but the effect
was somewhat weaker than under the dissociation of
highly affine mAb (Fig. 9, B). Thus these data also
testify that PRIG avidity is not a bit lower than the
avidity of highly affine antibodies.

14

It is significant that we obtained the similar
data using both PRIG produced artificially, i.e., by
transformation of specific mAb with the help of
KSCN, and in the case when intact PRIG from hu-
man and murine sera were used in experiments. This
confirms our previous conclusion about similarity or
even identity of “artificial” (or induced) PRIG and
“natural” (or intact) PRIG.

Thus, the obtained data allow the following
fact to be considered as established: PRIG interact
with antigens with very high avidity, which is at
least highly competitive with avidity of specific
antibodies and, maybe, even exceeds it. Hence, the
previous opinion on extremely low affinity and, con-
sequently, low avidity of PRIG [47] was wrong.

Differences between PRIG and NAb

As soon as the so-called natural antibodies
(NAD), which possessed relatively low specificity to
corresponding antigens and were also able to enter
in cross-reaction with unallied antigens [15-20] were
previously described in literature, we face the ques-
tion whether PRIG detected by us are identical to
NAD. Our first attempts to estimate the affinity of
PRIG binding to antigens in experiments have also
shown that the obtained values of the affinity con-
stant are rather low [48]. These data have reinforced
our suspicions as to the fact that PRIG and NAb may
be very much similar and even identical. If this had

ISSN 2409-4943. Ukr. Biochem. J., 2015, Vol. 87, N 3
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been so, the effect of considerable increase of PRIG
activity after the treatment of solution of supposed
NAD with the help of KSCN or its acidification to pH
2.0-2.5 could have been explained by unblocking of
NADb which had been blocked earlier by some serum
antigens as a result of low specificity of NAb.

But as was said above, we established later
that PRIG activation is not connected with the un-
blocking of serum antibodies which existed before.
Furthermore, the above mentioned analysis of the
mechanism of PRIG interaction with antigens has
led to the conclusion that the methods, which were
mainly used to estimate affinity of specific antibo-
dies to corresponding antigens, do not fit for esti-
mating the affinity of PRIG unspecific binding to
antigens [46], and, consequently, PRIG affinity may
be much higher than it was considered before. The
experiments have completely confirmed this conclu-
sion and permitted establishing that the avidity of
PRIG interaction with antigens is really thousands of
times higher, than the avidity of NAb binding. This
fact indicates that PRIG and NADb are not one and the
same substance, and they may be identified with the
help of the above test. We have earlier offered some
tests, which permit differentiating between PRIG
and specific antibodies [48].

Beside that, we have established that PRIG and
NAD differ in a number of properties which may be
also used for identification of the given substances.
As was said before, PRIG may be considered practi-
cally unspecific, while NAb do possess certain speci-
ficity, though a noticeable cross reactivity to some
antigens is estimated sometimes. Besides, various
physicochemical factors or reagents affect the NAb

and PRIG binding to antigens in different ways. All
these differences are summarized in the table.

Taking into account the above-listed data, it
may be concluded that the effectors properties of
molecules depending on Fc-domains (such as op-
sonization of microbes, staphylococcus protein A
fixation, complement binding) in PRIG and in spe-
cific antibodies are analogous or identical. On the
other hand, the mechanisms of specific antibodies
and PRIG binding to antigens, depending on Fab-
domains of molecules, have essential differences.
Since NAb are really specific antibodies, though
they possess low specificity and has an ability to
cross-reaction with some unallied antigens, the
above differences allow to conclude that PRIG and
NAb are different substances. These differences
permit not only discriminating NAb and PRIG, but
also to make a conclusion that NAb and PRIG can
probably perform not the same biological functions
in the organism.

Changes in PRIG activity with age

Taking into account the fact that PRIG possess
the properties different from those of specific anti-
bodies, as well as the fact that today’s role of PRIG
in organism protection under various diseases or
different physiological conditions of the organism
remains unknown, we tried to estimate PRIG activi-
ty in human sera depending on the age of people.
Obviously, to perform such research we have to dis-
tinguish between immunoglobulins (which belong to
PRIG) and immunoglobulins being natural antibo-
dies, which are able to bind with low affinity to cor-
responding antigens. Since a method, which allows

Effect of various factors on reaction of interaction of specific antibodies or PRIG with antigens

Characteristic Low-specific antibodies PRIG
Specificity yes no
Temperature dependence low high
Tween 20 does not affect suppresses
ANS has little effect suppresses
Lisozyme does not affect stimulates
Protamine does not affect stimulates
Avidity low high
Opsonization of microbes yes yes
Binding of Staphylococcus protein A yes yes
Complement fixation yes yes

ISSN 2409-4943. Ukr. Biochem. J., 2015, Vol. 87, N 3
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distinguishing between PRIG and NAb, had been
proposed in one of our last works [46, 48], we suc-
ceeded to execute this work.

The basic idea of this method is the use of se-
rum albumin of the same animal (whose PRIG level
is to be determined) as the antigen for detecting
PRIG. That was made because, as a rule, serum does
not contain natural antibodies to its own serum albu-
min. Another important factor for determining PRIG
is the use of special conditions, in which PRIG ac-
tivity, as we have revealed before [48], considerably
increases, that is the titration of PRIG in buffered
physiological solution of NaCl containing 0.05% of
Tween 20 and protamin (0.1 mg/ml).

The titration curves of IgG PRIG in the sera
of five practically healthy young (below 25 years)
or five elderly (about 70 years) people are presented
in Fig. 10, A. As is seen on the figure, the activity
indices of serum IgG PRIG in elderly people ex-
ceed those in young adult people. If we calculate the
average levels of serum IgG PRIG activity in these
two groups of people (Fig. 10, B), the titers in elderly
people are about 3-4 times higher than in the young
people. Since (according to literature data [49-51])
the concentration of IgG immunoglobulins may in-
crease with age (by about 5-15%), but considerably
less than the found increase of activity of serum IgG

Activity of IgG PRIG
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PRIG [11], the data estimated by us evidence that
specific activity of IgG PRIG per unit of concentra-
tion of serum immunoglobulins noticeably increases
with age.

In contrast to considerable increase of the titers
of serum IgG PRIG of people the activity of IgM
PRIG in sera of the same persons in our experiments
did not increase with age, but varied considerably
in magnitude, therewith in some elderly persons it
was even lower than in some young people (Fig. 11,
A). In this connection it may be concluded that the
regularities found by us in respect of activity of se-
rum IgG PRIG are not observed regarding the avera-
ge level of serum IgM PRIG (Fig. 11, B), and that
the level of serum IgM PRIG depends to a greater
degree on individual peculiarities of immune system
of a subject.

Almost the same conclusions can be made in
respect of the estimated change in activity of serum
IgA PRIG with age (Fig. 12, A). As well as the activi-
ty of serum IgM PRIG, which is apparently propor-
tional to concentration of these molecules in blood
sera, activity of serum IgA PRIG of people is con-
siderably more variable as compared to activity of
serum IgG PRIG [11]. At the same time, the average
activity of serum IgA PRIG still inconsiderably in-
creases in elderly people (Fig. 12, B) as compared to
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B
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Fig. 10. The titration curves of five sera of young (Y) and five sera of elderly (E) people (4) on the content of
IgG PRIG as well as mean values of obtained magnitudes (B)
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Activity of IgM PRIG
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Fig. 11. Titration curves of five sera of young (Y) and five sera of elderly (E) people (A) on the content of [gM
PRIG, as well as mean values of obtained magnitudes (B)

young people, though this change is not so noticeable
as the activity of serum IgG PRIG.

Thus, the data obtained indicate that the activi-
ty of IgG PRIG may vary with age mainly towards
the increase, at that the most noticeable change being
observed in activity of IgG PRIG which increases
3-4 times with the increase of age from 25 to 70. The
activity of serum IgM and IgA PRIG in the organism
varies much more than the activity of IgG PRIG, and

ISSN 2409-4943. Ukr. Biochem. J., 2015, Vol. 87, N 3

the increase of their activity with age either is absent
or at least is not so noticeably expressed. The es-
tablished [11] age changes in the activity of people’s
PRIG with age, belonging to different classes of im-
munoglobulins, may evidence both for the immune
system degradation with age and probably for an
important functional role of these immunoglobulins
which still has to be studied.

17



OIJISIIN

Activity of IgA PRIG 0.7 r Mean values of IgA PRIG activity
1.0 r B
09 ~ 0.6 [
08 - g Y1
S - Y2 e 05
c
o 07 - <
1o SO =b=Y3 G
< <
2 06 -4 X 04 |
n ‘n
< 05 L e 8
S —9=El ® 03 |
2 04 B
@) —tE2 O
_._Young
0.3 = X = E3 0.2
e=fil= Elderey
e E4
0.2 -
—— E5 01 -~
01
0 | 1 1 J O 1 1 L 1
0 0.00025 0.0005 0.00075 0.001 0 0.00025 0.0005 0.00075 0.001
Serum dilution Serum dilution

Fig. 12. Titration curves of five sera of young (Y) and five sera of elderly (E) people (A) on the content of IgA
PRIG, as well as mean values of obtained magnitudes (B)
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BIOJIOI'TYHI TA IMYHOXIMIYHI
BJACTHUBOCTI HOJIPEAKTUBHUX
IMYHOIJVIOBYJIIHIB

C. I1. bobposHuxk, M. O. Jlemuenko,
C. B. Komicapenko

[acTuTyT 6ioximii im. O. B. [Mannanina
HAH VYkpainu, Kuis;
e-mail: s-bobrov@bk.ru

Hepimomuii  panime  ¢eHomeH  HalOyTol
MOJIPeaKTUBHOCTI CHPOBATKOBUX iIMYHOTJIOOYTiHIB,
saKi Oyno oOpoOJICHO KOHIIGHTPOBAHWMH pO3UH-
HaMHU XaoTponHUX ioHiB, Takux sk KSCN (3,0—
5,0 M), a Takox HU3bKHX/BUcOKUX pH (pH 2,2-3,0/
pH 11,0-12,0) abo Temmeparyporo mo 58—60 °C,
Brepuie Oyno omucano HamMu B 1990 p. 3Hau-
HO Ti3HINEe (4epe3 OAWMHAIISITE POKIB) CXOXKi
nani Oyno omyOumikoBaHo J. P. Bouvet 3i criBaBT.
(2001 p.), KOTpi TOBHICTIO MiATBEPOUINA HAIIi pe-
3yJIBTaTH BiTHOCHO BILJIUBY XaOTPOITHHUX 10HIB 200
pizkoro 3cyBy pH Ha I1iIBUIIIEHHS TTOJIPEaKTHBHUX
BIIACTHBOCTEH CHPOBATKOBUX IMYHOTJIOOYIiHIB.
Hami pocmimxenns (1993, 1995, 1998 pp.) Bna-
CTUBOCTEH  TIONIPEAaKTUBHHUX IMYHOTJIOOYJIiHOB
(ITPIT") mokazanu, Mo MexaHi3M ix HecneuugpiuHOi
B3a€EMOAIl 3 aHTUTEHAMHU 3HAYHO PI3HUTHCS BiJ
MeXaHi3My 3B’SI3yBaHHS CHEUU(QIUHUX AHTUTLN i3
BiAMOBiAHUMU aHTUTeHamu. lli3Hime Hamu Oyio
MoKa3aHo, 1o MiABHINeHH akTuBHOCTI ITPIT" Moke
OyTu iHmykoBaHo In vivo (1999 p.), a Takox, 110
ITPI" € omHWM i3 KOMIIOHEHTIB IHTAaKTHHUX CHPO-
BaTOK JIFOJIMHU 1 TBapuH, a Iie 03Ha4Ya€, HE BUKIIIO-
YEeHO, 10 BOHM MOXXYTh BHKOHYBaTH BiJIITOBIIHI
Oionoriuni ¢yukiii. Hocmaimkenus mmuBy [IPIT
Ha Taki MpouecH, K GarouuTo3 Mikpobis abo pos3-
BHTOK 3y0sKicHUX myxJmH (S. A. Bobrovnik 3i
cmiBasT., 1995, 1998 pp.) Bkasye nHa te, mo [1PIT" mo-
JKYTh TPATH BiJIOBIIHY POJIb Y 3aXHCTi OPraHi3My
B iH(pekmiii abo 3a PO3BUTKY pI3HOMaHITHUX
NnaToNOriYHuX nponeci. HemonaBHo namu Oyio
takox ycranoBieHo (C. I1. boOpoBHUK 3i CITiBaBT.,
2014 p.), mo 3 BIKOM KOHLEHTPALisl CHPOBATKOBUX
IgG IPII" mroquum ictoTHO 3pocTae. Lli naHi Bka-
3YIOTh Ha BAXJIMBICTh MMOJAIBIIUX JIOCIIKCHB
iMmyHoxiMiuHUX BiactuBoctei [IPII" i Gionoriunoi
poni iX y 3aXxucTi opranizmy abo B pa3i po3BUTKY
PI3HOMaHITHHX 3aXBOPIOBAHb.

KnmodoBi cao0Ba: moimipeakTUBHI iIMyHO-
DIOOYJiHM, HaTypadbHI aHTWTINA, aAHTHICHH,
crienupigHICTh, a)iHHICTD, aBITHICTD.
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BUOJIOTTYECKUE

N UMMYHOXUMHNYECKHE
HHOJIMPEAKTHUBHBIE
NMMYHOIJVIOBYJINHBI

C. A. FobposHnuk, M. A. /lemuenxo,
C. B. Komucapenko

WucTuryT Onoxumun um. A. B. [Tamiaguaa
HAH Vkpaunsi, Kues;
e-mail: s-bobrov@bk.ru

HewusBectHeI# panee peHOMEH TpHOOpETEHHON
MOJIMPEAKTUBHOCTH CHIBOPOTOUYHBIX HMMYHOITIO0Y-
JIMHOB, KOTOPBIE OBUIN MOABEPIHYTHI BO3JIEHCTBUIO
KOHLIGHTPUPOBAHHBIX PACTBOPOB XaOTPOIMHBIX HO-
HOB, Takux kak KSCN (3,0-5,0 M), a Ttakxe HH3-
kux/Beicokux pH (pH 2,2-3,0/pH 11,0-12,0) nnu xe
HarpeBaHuio 70 58—60 °C, ObLT BIEpBBIE OMUCAH
Ham# B 1990 1. 3HaYNTENBHO MO3Ke (OAUHHAIIATH
JIET CITYCTsI) CXOIHBIE JaHHBIC OBLIH Oy OJIMKOBAHBI
u J. P. Bouvet ¢ coaBTp. (2001), KOTOpBIE TOITHOCTHIO
MOATBEPAMIN HAIIM PE3yJIbTaThl OTHOCHUTEJIBHO
BIIMSIHUS XaOTPOIHBIX MOHOB MJIM PE3KOTO CIABUIA
pH Ha ycuieHne nonupeakTUBHBIX CBOWCTB CHIBO-
POTOYHBIX HMMYHOITI00yIMHOB. Hamm uccienosa-
Hust (1993, 1995, 1998 1.) cBOICTB MOMMPEaKTUBHBIX
nvmmyHOTI00yTMHOB ([TPUIY) moxasamm, uto Me-
XaHM3M HUX HecHnenu(uIecKoro B3auMOACHCTBUS C
AQHTUT'€HAaMH 3HAUYNUTEJIBHO OTIIMYACTCS OT MEXaHU3-
Ma CBSI3bIBAHUS CHEUU(DUIHBIX AaHTUTEN C COOTBET-
CTBYIOIUMH aHTUreHamu. [lo3xe HamMu OBIIO MO-
Ka3aHo, 4To noBbinieHue akTuBHOCTH [TPUI" MoxkeT
OBITH MHIYIIPOBAHO iN ViVo (1999 r.), a Takxke, 9TO
[TPUT" aBasroTcs OOHUM U3 KOMIIOHEHTOB MHTAKT-
HBIX CBIBOPOTOK Y€JIOBEKA M KUBOTHBIX, a 3HAUUT,
HE UCKJIFOUYEHO, YTO OHU MOT'YT BBITIOJIHATD OIpe/e-
néHHble Ouonornueckue ¢yHxkuuu. Mccnenosanue
BriustHus [IPUIT Ha Takme mporeccsl, kak (aromn-
TO3 MHUKPOOOB HJIM K€ Pa3BUTHE 3JI0KAUCCTBCHHBIX
omyxoJeit (S. A. Bobrovnik ¢ coaBtp., 1995, 1998)
ykasbiBaeT Ha To, yTo IIPUI" MoryT urpate omnpe-
JEJICHHYIO POJIb B 3aLIUTE OPraHu3Ma OT HH(EKIINH
WY TIPH Pa3BUTHUH PA3JINYHBIX MATOJOIMUYECKUX
npoueccoB. HenaBHo HaMu ObIIO TaKk)Ke yCTaHOBJIE-
HO (C. A. boGpoBHUK ¢ coaBTp., 2014), 4TO C BO3-
pacTtoM KOHIeHTpauus cblBOpoTouHbiX 1gG TTPUT
YeJIOBEKa CYILIECTBEHHO BO3pacTaeT. DTH JaHHBIC
YKa3bIBAIOT HAa BAXXHOCTb JaJbHEHIINX HCCIIEno-
BaHUU MMMyHOXUMHUeckux cBoilcTB IIPUI" m ux
OMOJIOTMUECKON POJIM B Pa3BUTUH Pa3HOOOpa3HBIX
3a00JIeBaHMI.
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KnrmoueBbie cnoBa: TONMpEaKTUBHBIC
MMMYHOTTIOOYJTMHBI,  HATypalibHble  aHTHTENA,
AQHTHUTEHBI, CIEHUPUIHOCTh, a((PUHHOCTH, aBUA-
HOCTb.
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