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A problem of similarity and differences between so-called polyreactive immunoglobulins (PRIGs) and
natural antibodies (NAbs), capable of cross-reacting with some structurally dissimilar antigens, has been
considered. The analysis of mechanisms of an unspecific interaction between PRIGs or NAbs and antigens
evidences for the fact that essential differences exist between these substances. These differences permit clas-
sifying the abovementioned substances as different types of immunoglobulin molecules. The major difference
between PRIGs and NAbs may include both the mechanisms of the above mentioned immunoglobulin mol-
ecules binding to antigens and their interaction affinity, as well as an absolutely different influence of some
low-molecular substances on the efficiency of the interaction with antigens. Relying on the obtained data it
can be assumed that, since PRIGs and NAbs have fundamental differences, they may perform not only similar
but also different functions of the immune system.
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binding to various antigens [1], has raised a

lot of questions. What is the mechanism of
this interaction? Are PRIGs just a result of experi-
mental effects on specific monoclonal or polyclonal
serum antibodies or are they present in the intact
animal and human sera? What may be the biologi-
cal role of PRIGs? That was one of the main ques-
tions: were the obtained PRIGs identical to so-called
NAbs, which had been known and well-studied be-
fore [2-6], or PRIGs are a separate subpopulation of
immunoglobulins existing in vivo and performing
their special functions? To answer these questions
we had to perform a lot of different experiments,
most of them were connected with interaction be-
tween PRIGs and antigens.

Based on the previously obtained results, as
well as on some new data presented in this paper,
we have concluded that PRIGs differ from NAbs
by a whole number of properties. It was also shown
that PRIGs are available in the intact human and
animal sera in considerable amounts, and that their
concentration is increasing with age. Based on the
data on PRIGs properties, we supposed fundamen-
tal differences between PRIGs and Nabs, as well as
identified the functional role of PRIGs and their ef-
fect on the course of some diseases.

T he discovery of PRIGs, capable of unspecific
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Materials and Methods

Human serum albumin (HSA), ovalbumin and
horse myoglobin were used in this work as antigens.
These reagents were commercial products of the Sig-
ma company, USA. Ovalbumin-specific monoclonal
antibodies (mAbs), which also were the product of
the Sigma company, USA, or murine serum antibod-
ies twice immunized with ovalbumin were used in
the study as specific antibodies. Ortho-phenylenedi-
amine produced by the Sigma company, USA, and
hydrogen peroxide produced by Ternofarm, Ukraine,
were used as the substrate for enzyme-linked im-
munosorbent assay (ELISA).

Antigens were immobilized on 96-well poly-
styrene plates produced by Dunatech Company by
two different methods, depending on whether the
plates were intended for investigation of mAbs and
specific serum antibodies, or nonspecific PRIGs. To
study the interaction between specific antibodies or
mADbs and ovalbumin, the plates were covered with
ovalbumin by the traditional method, i.e., by incuba-
tion of ovalbumin solution (concentration 10-15 ug/
ml in 0.15 M phosphate buffer, at pH 8.5-9.0) in the
wells of the plates during 24 h at 4 °C with further
thorough rinsing of plates from unbound antigen im-
mediately before the experiment.
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To study nonspecific PRIGs binding to an-
tigens, we covered the plate using the previously
developed method [7], where the antigen solution
(2.0-3.0 pg/ml) in 1% NH,HCO, was dried on the
plates at 37 °C. We have demonstrated before that
such a method of antigens adsorption on the plate,
firstly, raises the adsorption efficiency (compared to
traditional incubation of the antigen solution), that
allows us to use by the order of magnitude less an-
tigen concentrations [7]. Secondly, our method of
the antigen adsorption by drying leads to a more ex-
pressed denaturation of adsorbed antigens than un-
der the adsorption by traditional method. The latter
may be a disadvantage if investigate specific binding
of antibodies, but it serves as a positive factor for
studying PRIGs binding possessing a higher affinity
for denaturated proteins.

The proper diluted samples of the studied sera
or monoclonal antibodies were placed to the plate
covered with antigens, the plates were incubated
during one hour at 25 °C, washed off thoroughly
from the unbound antibodies by running water, after
that goat anti-IgG antibodies conjugated with horse
radish peroxidase were added, and the quantity of
immunoglobulins bound to the antigen was deter-
mined by ELISA. As a substrate for peroxidase, we
used a mixture of orthophenylene diamine (1 mg/
ml) and 0.003% H,O,. After color development of
the mentioned substrate, the reaction was stopped by
adding 0.06 ml of 2.0 M sulfuric acid to each well,
and then the optical density of the plate wells was
measured by ELx800, BIO-TEK microphotocalorim-
eter, at 490 nm wavelength.

Results and Discussion

It would be reasonable to remind that according
to the definition, NAbs are the antibodies produced
by human or animal organisms themselves, without
any artificial immunization of the organism by one
or another antigen. In this connection, it is evident
that the antibodies specific to antigens of some in-
fections which the organism suffered from, may oc-
cur among NADs. At the same time, it is known that
NADs are primarily cross-reacting and low-specific
antibodies, that makes them similar (to some extent)
to serum PRIGs, which we have found.

We first detected the phenomenon of the in-
creasing of human and animal serum immuno-
globulins nonspecific reactivity, when treating these
sera or their immunoglobulin fractions by KSCN
solutions (3.0-5.0 M) or after their acidification
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to pH<3.0 and further neutralization [1]. The sera
treated in such a way changed dramatically their im-
munochemical properties, since immunoglobulins
gained a capacity of binding to antigens adsorbed
on microplates many times more intensively as
compared to initial intact immunoglobulins, and it
might be detected easily using ELISA or some other
methods.

One of the major questions, which appeared af-
ter we had detected the above phenomenon, was the
question whether the obtained PRIGs were identical
to the already known low-specific NAbs [2-4], which
possessed cross-reactivity to some structurally dis-
similar antigens, or PRIGs were similar but new sub-
stances not described in literature so far. We repeat
that the question appears because some NADbs, like
PRIGs, are capable of cross-reactivity with various
antigens, which are explicitly different in structure
and are identified by specific antibodies as serologi-
cally unallied ones.

It should be noted that we have partially an-
swered the question about similarity and differences
between NAbs and PRIGs in our first published pa-
pers [1]. The point is that the cross-reacting NAbs
are the antibodies which are partially specific, and
thus they react differently with structurally dis-
similar antigens. For this reason, as a rule, a certain
soluble antigen A suppresses much more strongly
the binding of NAbs to precisely the same antigen
A, that covered microplates, than to another sero-
logically unallied antigen B. But we have shown that
there are no such regularities in respect of PRIGs,
and practically any soluble antigen X prevents the
binding of PRIGs almost in the same way both to
the same antigen X immobilized on the plate, and to
the other structurally dissimilar antigens Y, Z, etc.
(Fig. 1).

Moreover, we have shown that PRIG, eluted
from the column, where, e.g., a certain antigen A
was immobilized, can bind not only to the same
antigen A, but also to other serologically unallied
antigens B, C, etc., and with the same efficiency
as to antigen A (Fig. 2). Thus, while interaction of
NAbs with antigens is partially specific, the binding
of PRIGs to different antigens is completely unspe-
cific. Nevertheless in our opinion, these distinctions
between PRIGs and NAbs were insufficient to state
with confidence that they are radically different as
to their immunochemical properties, and probably,
as to performed functions.

To establish reliably the substantial differen-
ces between the interaction of partially specific
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Fig. 1. Estimate of blocking intensity of mouse serum PRIG by soluble antigens (4 mg/ml) — by human serum
albumin (HSA) or horse myoglobin (blocking agents were absent in the control). The following antigens were
adsorbed on plates for detecting PRIG activity by means of ELISA: A — human serum albumin; B — horse
myoglobin. Independent of which antigen was in the solution and which was adsorbed on the plate, the studied
PRIG of mouse serum was blocked with approximately similar efficiency
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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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antibodies with antigens and PRIGs interaction, action of PRIGs (Fig. 4, A). Later it became clear
we have made a number of other tests, and their that such an effect of Tween 20 on PRIG binding
results are presented below. Firstly, we have found to antigens is determined by the fact that Tween 20
that the temperature affects differently the binding screens hydrophobic areas at the surface of the both

of specific antibodies and unspecific antibodies to interacting molecules and therefore weakens PRIGs
antigens (Fig. 3). As it can be seen from the figure, interaction. It is also evident that such a test could be
the temperature rise from 4 °C to 37 °C takes an used, if one has to differentiate between PRIGs and
inconsiderable effect on the interaction of ovalbu- specific antibodies.

min-specific antibodies with antigen, but it exerts a Another low-molecular reagent, capable of
great effect on PRIGs binding to the same antigen. binding to hydrophobic sites of proteins, i.e., 8-ami-
It may be supposed that the above temperature rise no-1-naphthol-5-sulfoacid (ANS), like Tween 20, is
accelerates the binding of specific antibodies to anti- also the inhibitor of PRIGs interaction with various
gen inconsiderably (about 15-20%), probably mainly antigens (Fig.4, B). Besides, one more fact, eviden-
through the intensification of the Brownian move- cing that PRIGs binds to antigens by hydrophobic
ment of reacting molecules. In contrast, the tempera- interaction, is that transformation of immunoglobu-
ture rise from 4 °C to 37 °C accelerates the binding lins in PRIGs is accompanied by the increase of the

of PRIGs to antigens 5-10 times, i.e., temperature is ability of the latter to bind to hydrophaobic surfaces,
one of the most important factors for putting on the for example, to polysterene plates for ELISA.

mechanism of PRIGs binding to antigens. But it was And, at last, we have established that PRIGs has
absolutely unclear: what was the character of the in- a considerably higher affinity for protein antigens, if
teraction mechanism of PRIGs binding to antigens the latter are preliminarily denaturated by heating.
and why was temperature so important for it. Hence, allowing for the above data, it became clear

Later we have found that there are several low- that in contrast to specific antibodies, which bind

molecular substances which have different effect to corresponding antigens, owing to mutual com-
on the unspecific binding of PRIGs and on specific plementarity of interacting surfaces and their op-

interaction of antibodies with the corresponding an- posite electrical charges, PRIGs binding to antigens
tigens [8]. Thus, it was established that Tween 20 is mainly determined by hydrophobic interaction of
takes almost no effect on the binding of specific an- the molecules. Note also, that the elucidation of the
tibodies to antigen, but suppress heavily such inter- mechanism of PRIGs binding to antigens allowed us
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Fig. 3. Effect of temperature elevated from 4 °C 0o 37 °C on antibodies or PRIG binding to antigen adsorbed
on the plate
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Fig. 4. Supressing of PRIG binding to antigen coupled to the plate with various concentrations of ANS or
Tween 20 and the absence of influence of these reagents on binding of specific mAb with the same antigen

to understand why this reaction much more depends
on the temperature, in contrast to the binding of spe-
cific antibodies to antigens.

In addition, the main PRIGs property distin-
guishing them from low-specific NAbs is, as it ap-
peared, the value of affinity (or avidity) of their in-
teraction with antigens. We hitherto supposed that
PRIGs bind to antigens with very low avidity, as it
was demonstrated with low-affine NAbs. At the same
time, it seemed that the experimental results also
confirmed this stating, since the estimate of PRIGs
affinity measured by traditional approaches really
showed very low values of the equilibrium constant
[9]. However, our revealing of the mechanism of
PRIGs interaction with antigens caused the doubts,
whether the traditional methods of estimating the af-
finity of antibodies also suited for the estimation of
PRIGs affinity. Moreover, the analysis of the mecha-
nism of PRIGs interaction with antigens indicates
that the methods mainly used for estimating the af-
finity of specific antibodies for the corresponding
antigens [10, 11] are really unsuitable for estimating
the affinity of unspecific binding of PRIGs to an-
tigens. Consequently, PRIGs affinity may be much
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higher, than it was shown by measuring with the use
of such methods and than it was thought before.

Our further experiments confirmed this conclu-
sion and permitted us to establish that the avidity
of PRIGs interaction with antigens is not lower than
that of highly specific antibodies, and therefore it is
hundreds or thousands of times higher than binding
avidity of NAbs [12]. One more difference between
NAbs and PRIGs is an inability of PRIGs to agglu-
tinate bacterial cells or other corpuscular antigens
in contrast to NAbs that can do it very efficiently.
Unfortunately, we cannot explain the reason of such
differences between NAbs and PRIGs till now. Sum-
marizing the facts presented above we can conclude
that low-specific NAbs and unspecific PRIGs are not
one and the same biological substance, because these
substances have not only some similarity but also
have fundamental differences.

Owing to these differences, NAbs and PRIGs
may be identified with the use of the tests mentioned
above. In addition, it may also be noted that earlier
we have already proposed some tests which allowed
distinguishing PRIG and specific antibodies [12].
However, the data presented in this article permit us
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Immunochemical properties of specific antibodies and PRIGs

Characteristic of the process Specific antibodies PRIG
of binding to antigens

Specificity yes no
Temperature dependence low high
Effect of Tween 20 low suppresses
Effect of ANS low suppresses
Effect of lysozyme no effect stimulates
Effect of protamine no effect stimulates
Interaction avidity low high
Agglutination of microbes yes no
Opsonization of microbes yes yes
Binding of Staphylococcal Protein A yes yes
Complement binding yes yes

to do it more efficiently. In addition, these data allow
us to make a conclusion concerning the existence of
considerable differences between NAbs and PRIGs.

Nevertheless, it should be also noted that NAbs
and PRIGs have a number of similar properties. As
we have shown before, PRIGs like NAbs can op-
sonize bacterial cells, favoring their phagocytosis
by the cells of reticulo-endothelial system. This fact
demonstrates that under the transformation of spe-
cific antibodies into PRIGs there mainly occur the
changes of Fab-sites of immunoglobulins respon-
sible for the binding to antigens, while Fc-domain
preserves its capacity of binding to phagocyte Fc-
receptors.

In the same way, PRIGs have the ability to fix
serum complement and Staphylococcal Protein A
that also evidences for preserving the conforma-
tion of the corresponding binding sites, located on
the Fc-domain of immunoglobulins. Consequently,
we can conclude that in the case of transformation
of specific antibodies into PRIGs one can observe
changes of the binding properties only in Fab-sites
of immunoglobulins, while the structural properties
of Fc-domains mainly remain unchanged.

Summing up the above data, we can state that
NAbs and PRIGs have a number of properties, which
help to distinguish them from each other, and these
properties are connected to a peculiar change (and,
evidently, conformation) of the immunoglobulins’s
site responsible for the binding to antigens, namely,
to Fab-sites. At the same time, the effector proper-
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ties and functions of specific antibodies and PRIGs,
the Fc-domain of immunoglobulins responsible for
them, are relatively stable, they do not change under
antibodies transformation in PRIGs and, therefore,
they are rather similar in these molecules (Table).
Thus, from the data presented in the Table, it fol-
lows that the effectors molecule properties, which
depend on Fc-domain (such as opsonization of mi-
crobes, Staphylococcal Protein A binding, as well as
complement binding), are similar in PRIGs and in
specific antibodies. On the other hand, the mecha-
nisms of low-specific antibodies and PRIGs binding
to antigens, which depend on Fv-domains of the
given molecules, have essential differences.

Since NAbs are relatively specific antibodies,
though they possess low specificity and are able to
cross-react with some structurally dissimilar an-
tigens, the above differences permit us to make a
conclusion that PRIGs and NADbs are different sub-
stances. These differences allow us not only to dis-
criminate between NAbs and PRIGs with the help
of the corresponding tests, but also to suppose that
NAbs and PRIGs can probably perform different
biological functions in the organism. For example,
since PRIGs possess the increased affinity for dena-
turated protein molecules, it can be assumed that the
elimination of the injured macromolecules from the
blood flow is one of the basic functions of PRIGs.
It may be suggested that in some cases PRIGs can
take part in the suppression of the immune response.
Our data that PRIGs can favor the acceleration of
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development of the malignant tumor Ehrlich carci-
noma, tell about such a possibility, as we have shown
it before [13].

So, the data presented evidence that NAbs and
PRIGs have essential immunochemical differences
and thus may be considered as different substances,
which probably perform not only similar but also
different biological functions.
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PosrasiHyTO TIpOOIIEMy CXOXKOCTiI 1 BigMiH-
HOCTeW Mix HaTypanbHuMu aHTUTimamu (HAT)
Ta ToNMipeakTHBHUMHU iMyHornmoOyminamu (ITPI),
SIKi 37aTHI TEepeXpecHO B3aEMOIIATH 3 Jed-
KMMH HECHODIIHEHMMM aHTUI'eHaMu. AHai3
MeXaHi3MiB HecrenupiqHol B3aemonmii 3 aHTH-
reHamu [IPII" Ta HAT cBiguuTh mpo Te, Mo Mix
AMH CyOCTaHIIIIMA € CYTTEBI BiJIMIHHOCTI, fKi
JO3BOJISIIOTh  KJacuikyBaTH I1i CyOCTaHIi sK
pi3HI THMH iMyHOTIOOYiHOBHX MoJekyis. o oc-
"HoBHHUX BinMmimuocter Mix IIPIT" 1 HAT moxHa
BITHECTH $IK MEXaHI3MM 3B’I3YBaHHsI BKa3aHUX
IMYHOTJIOOYJTIHOBUX MOJIEKYJI 3 aHTHTE€HAMU, TaK
i agiHHICTH I[HOTO 3B’SI3yBaHHS, a TaKOX 30BCIM
BIIMIHHUH BIJIMB JESKUX HHU3BKOMOJICKYJISIPHUX
pevoBUH Ha e(EeKTHBHICTH X B3a€MOMIi 3 aHTHTE-
Hamu. Ha OocHOBI ofiep)kaHUX JaHMX MOXKHA IPH-
mycTuTH, o ockinbku [TPII" Ta HAT mpuHIIMnmoBo
BIJIPI3HSIOTHCS 38 BIACTUBOCTSIMHM, TO BOHH, Ma-
OyTb, BUKOHYIOTh HE TiJBKH CXOXi, a W BiMIiHHI
(hyHKIIi1 iIMyHHOI CHCTEMH.

KnwoyoBi cunoBa: cnenudiuHi aHTUTLIA;
MOJIipeaKTUBHI IMYHOTTIOOYJTiHH; AHTUTEHY;
B3a€MO/IIsI aHTUT€H—aHTHUTIJIO.
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PaccmoTpena mpoOieMa CXOACTBAa U Pa3iu-
YUl MEXAY TaK Ha3bIBACMBIMHU HOIMPEAKTHBHBIMH
nvmmyHornoOymnHamu (IIPUDY) u HaTypambHBIMU
antutenamu (HAT), crmocoOHBIME TIepeKpECTHO
pearupoBaTh ¢ HEKOTOPBIMHM HEPOJCTBEHHBIMH aH-
TUTeHaMU. AHaJIN3 MEXaHU3MOB Hecnenn(uIecko-
ro B3aumoneiictsus ¢ agturedamu [I1PUTIT u HAT
CBHJICTEIBCTBYET O TOM, YTO MEXKIY ITHUMH CyO-
CTaHIMSIMH HMMEIOTCSl CYILIECTBEHHBIC DPAa3IMUUs,
KOTOpbIE TO3BOJISIOT Kiaccu(UIMPOBATh JaHHBIC
CcyOCTaHIMM KakK pa3Hble TUIIBI UMMYHOIJIOOYJIH-
HOBBIX MOJIEKYJ. K OCHOBHBIM pa3iuumsiM MEXIY
[NPUI' 1 HAT MOXXHO OTHECTH KaK MEXaHU3MBI
CBSI3BIBAHMSI YKa3aHHBIX HMMYHOITIOOYJINHOBBIX
MOJIEKYJI ¢ aHTHI€HaMHM, TaKk U ad(PUHHOCTH ITOrO
B3aMMOJCHCTBUSA, A TaK)KE COBEPLICHHO pa3iny-
HOE BJIMSIHUE HEKOTOPBIX HHM3KOMOJIEKYIISIPHBIX
BEIIECCTB Ha A(PPEKTUBHOCTH B3aUMOJACHCTBHS C
aHTUreHamu. Ha oCHOBaHMM MOJTYUYCHHBIX AaHHBIX
MOXHO HPEIIOJIOKUTh, YTO IOCKOJIBKY CBOMCTBa
[NPUI' 1 HAT uMEIOT NpUHLMUIUAIBHBIC Pa3iiu-
YHs TO, II0-BUJUMOMY, OHH BBITIOJHSIIOT HE TOJIBKO
CXOIHBIC, HO U Pa3JIMYHble (YHKIMH MMMYHHOH
CHCTEMBI.

KnaroueBbie cnoBa: cenupudHble aHTH-
TeJa; MOJUPEaKTUBHBIE UMMYHOTJIOOYJIMHBI; aHTH-
T'eHbI; B3aMMOJICHCTBHE aHTUT€H—aHTHUTEJIO.
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