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Abstract—The detection of catalytic activity of antibodies is the earliest indicator of development of autoimmune diseases
(AID). In early stages of AID, the repertoire of abzymes with various properties is relatively small, but it is greatly increased
during their development. Catalytic diversity of the abzymes includes DNase, RNase, ATPase, and oxidoreductase activi-
ties; there are antibodies phosphorylating proteins, lipids, and polysaccharides. This review summarizes new data on
abzyme heterogeneity and possible reasons for this phenomenon. A possible role of abzymes and their exceptional multi-

plicity in the pathogenesis of different AID is discussed.
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Antibodies (AB) to stable transition state analogs and
natural immunoglobulins (Ig) exhibiting various catalytic
activities are known as abzymes and are well described in
the literature (see for review [1-9]). IgG hydrolyzing
vasoactive intestinal (neuro)peptide (VIP) and isolated
from blood of patients with bronchial asthma represent
the first example of natural abzymes [10]. Subsequently,
IgG with DNase [11] and RNase [12-14] activities were
found in blood of patients with systemic lupus erythe-
matosus (SLE). Now IgG and/or IgA and IgM hydrolyz-
ing DNA, RNA [11-21], and polysaccharides [22-27]
have been isolated from blood of patients with various
autoimmune diseases (AID) including SLE [11-14, 18],
autoimmune thyroiditis (AIT) [15], polyarthritis [15],
multiple sclerosis (MS) [16], diabetes mellitus [21], lym-
phoproliferative diseases [18], and also viral hepatitis
[17], acquired immunodeficiency syndrome (AIDS) [19,
20], and some diseases related to bacterial infections [22].

Abbreviations: AB, antibodies; Al, autoimmune; AID, autoim-
mune disease; AIDS, acquired immunodeficiency syndrome;
AIT, autoimmune thyroiditis; BMSC, bone marrow stem cells;
HIV, human immune deficiency virus; HSA, human serum
albumin; Ig, immunoglobulins; MBP, myelin basic protein;
MS, multiple sclerosis; plgG, polyclonal IgG; SLE, systemic
lupus erythematosus; VIP, vasoactive intestinal (neuro)pep-
tide.
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Mean values of relative activities of DNA-hydrolyzing
abzymes from patients with various diseases (expressed
per mg of total polyclonal electrophoretically homoge-
nous AB preparations) increased in the following order:
diabetes mellitus < bacterial infections < viral hepatitis <
polyarthritis < AIT < AIDS < MS < SLE.

There are abzymes hydrolyzing autoantigenic pro-
teins such as thyroglobulin (AIT and rheumatoid arthri-
tis) [28, 29], prothrombin (multiple myeloma) [30], pro-
tein factor VIII (hemophilia) [31], and myelin basic pro-
tein (MBP) (multiple sclerosis: antibodies IgG, IgM, and
IgA) [32-34] and also casein and serum albumin (human
immune deficiency virus (HIV) infection) [35]. In the
case of HIV-infected patients, it was demonstrated that
viral infections characterized by the development of
autoimmune (Al)-reactions are accompanied by abzyme
generation against viral proteins. These abzymes specifi-
cally hydrolyzed only reverse transcriptase [35] and HIV
integrase [36].

According to modern viewpoints, the presence of
blood abzymes is considered as a clear indication for the
development of Al processes in the human body (see [5-
9] and references given there). The existence of natural
abzymes in donors without manifestations of any pathol-
ogy of immune status was considered for a long time as
improbable due to the lack of clear immunization.
Antibodies from blood of healthy donors and patients
with influenza, pneumonia, tuberculosis, tonsillitis, duo-
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denal ulcer, and some tumor diseases (uterine cancer,
breast cancer, intestinal cancer), which were character-
ized by insignificant changes in immune status, did not
exhibit reliably detected DNA- or RNA-hydrolyzing
activities [9, 15, 17]. However, it is possible that abzymes
with some catalytic activities may be generated in healthy
individuals, but their relative activity may be very low,
basically below detectable limits of existing methods [9].
Nevertheless, it was demonstrated that blood of healthy
donors and animals may contain IgG and IgM antibodies
exhibiting reliably tested amylolytic activity, which was,
however, several orders of magnitude lower than in AID
patients [23-27]. Antibodies with very low VIP- [10] and
thyroglobulin-hydrolyzing activities were also found in a
small number of healthy donors [29]. It appears that spe-
cific clones of lymphocytes synthesizing abzymes in
healthy individuals are eliminated via apoptosis; however,
in chronic AID they may exist for a long time. In this
connection, it should be noted that abzymes can be gen-
erated during immunization of animals with various anti-
gens such as DNA. However, the increase in concentra-
tion of such abzymes in healthy animals is transient,
whereas immunization of experimental animals predis-
posed to AID results in the development of chronic
pathologies [37, 38].

There is a special group of healthy female individuals
who are predisposed to the development of Al processes
(similar to that of AID patients) during pregnancy and
right after delivery [5-9]. During pregnancy, blood of
women (as blood of AID patients) contains increased
concentrations of DNA [39, 40] and also low concentra-
tions of fetal cells. There is a correlation between
increased frequency of fetal cells in maternal peripheral
blood and AID morbidity (scleroderma [41]), and detec-
tion of fetal DNA is associated with aneuploidy [42]. On
one hand, manifestations of such disease as rheumatoid
arthritis decrease or even disappear during pregnancy
[41], whereas conditions of patients with SLE and
antiphospholipid syndrome [43] and also with some other
AID markedly deteriorate. A sharp increase in Al reac-
tions (autoimmune shock) can occur right after delivery.
Regardless to the development of the puerperal Al-shock,
some post-puerperal pathologies can be developed in
them [42, 44]. Post-puerperal AID may appear not only
right after delivery but also in later periods. Puerperal thy-
roiditis is one of the most frequent post-puerperal Al dis-
orders. Its frequency varies from 1.9 to 16.7% [45, 46].
Maximal manifestation of this disease is observed within
the first 3-6 months, but in some cases AIT can occur
later, although during the first year after delivery.

Pregnancy and delivery cause rearrangements in the
female immune system, which obviously occur in at least
two steps (see [47] and references given there). During
pregnancy, compatibility of the maternal organism with a
growing fetus is achieved by increased tolerance of the
maternal immune system towards the fetus; subsequently
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the immune system is “prepared” for rearrangement,
which occurs simultaneously with the onset of lactation.
Trigger of specific immune memory of pregnant women is
an important factor of the second step of the immune sys-
tem rearrangement; this immune memory accumulates
information about all internal and external immunogens
that have been ingested with food or appeared in the body
due to its contact with viruses or bacteria. These factors
trigger antibody generation to all these antigens that
appeared in the body during the last months of pregnan-
cy. The increase in titer of blood or milk abzymes before
and especially after delivery might represent a part of a
general process of antibody generation triggered by the
immune memory [47].

The first example of abzymes found in clinically
healthy women were milk sIgA catalyzing protein phos-
phorylation [48-50]. Milk is a unique source of abzymes
exhibiting both typical and unique catalytic activities.
Small subfractions of polyclonal human milk IgG and
slgA catalyzed hydrolysis of DNA, RNA [47, 51-53],
ribo- and deoxy-NMP, NDP, and NTP [54, 55] and also
cleavage of 5'-terminal DNA and RNA phosphate (phos-
phatase activity) [51-53] and hydrolysis of polysaccha-
rides [26] and casein [56]. Milk of healthy women also
contains sIgA and IgG with unique lipid [57, 58] and
polysaccharide kinase [59, 60] activities, which cause
phosphorylation of minor lipids and polysaccharides with
previously unknown structures.

Recently it has been reported that cow foremilk IgG
abzymes hydrolyze DNA with the pH optimum at 3.9-4.0
[61], whereas human milk abzymes exhibit maximal
activity at pH 7.0-7.2 [53].

It should be noted that human milk AB are usually
characterized by higher catalytic activity than most
known abzymes isolated from AID patients [5-9].

The above-described abzymes have been found in
patients with various Al reactions. However, there are
abzymes exhibiting high catalytic activities that have been
found in healthy mammals. It was found that human and
animal AB exhibit superoxide dismutase activity and con-
vert singlet oxygen 'O, into its reduced form O?" [62, 63].
These data suggest that AB might be involved in protec-
tion of the mammalian body against reactive oxygen
species, and therefore it is possible that special evolution
involved Ig as specific blood antioxidants [62, 63].
Recently a mechanism by which oxygen can be reduced
by Ig and reutilized in phagocytosis has been described;
this suggests the possibility of immune system involve-
ment in microbial regulation. Interestingly, there are
abzymes of higher eukaryotes that catalyzed formation of
ozone that is utilized by cells during phagocytosis [64].

Recently it was demonstrated that IgG-antibodies
from blood of healthy Wister rats exhibit high H,0,-
dependent peroxidase and H,O,-independent oxidore-
ductase activities, which effectively oxidize aromatic
amines and phenols similarly to horseradish peroxidase
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[65-68]. Specific activities of a small AB fraction
obtained by chelation chromatography of polyclonal rat
blood AB on Chelex (a metal chelator) were 2-3 orders of
magnitude higher than in other known natural abzymes
in the oxidation of these substrates.

In general the biological role of abzymes in AID and
other diseases still requires better understanding, and it is
possible that some abzymes play a positive role whereas
others play a negative role. Anti-VIP abzymes hydrolyze
VIP and decrease its blood concentration and hence, they
may play a negative role in the pathogenesis of asthma
[69]. DNA-hydrolyzing AB from blood of patients with
SLE, lymphoproliferative diseases [18], MS [8], and
Bence Jones proteins from blood of myeloma patients
[70] are cytotoxic; they penetrate into cell nuclei,
hydrolyze chromatin DNA, and induce apoptosis of can-
cer cells.

IgG, IgM, and IgA from MS patients effectively
hydrolyze basic myelin protein, a component of the
axonal myelin phospholipid membrane; this results in
impairments of nerve impulse propagation and develop-
ment of MS [32-34]. However, AB exhibiting proteolytic
activity in sepsis may play a positive role in the regulation
of capillary thrombosis, and the increase in their relative
activity correlates with improvement of conditions of
patients [71]. Maternal milk abzymes increase protective
properties of antibodies in passive immunity because they
not only bind foreign antigens but also effectively
hydrolyze them [5-9]. Abzymes with superoxide dismu-
tase [62, 63] and peroxidase activities can effectively
eliminate reactive oxygen species and oxidize various
mutagens and carcinogens reaching the circulation [65-
68].

POSSIBILITY OF APPLICATION
OF ABZYMES FOR DIAGNOSTICS
OF AUTOIMMUNE PATHOLOGY

It should be noted that determination of an AB titer
against any specific antigen characterizing any AID is a
much less sensitive test than analysis of abzyme catalytic
activity hydrolyzing this antigen (provided that this activ-
ity really exists). For example, using healthy donors as the
reference the increased concentrations of AB against
native and denatured DNA were found in 17-18 and 53%
of MS patients, respectively [72, 73], whereas DNA-
hydrolyzing AB with DNase activity were reliably detect-
ed in 90-95% of MS patients [16]. In SLE patients
increased concentration of AB against native DNA was
found in only 38% of patients [72], whereas abzymes with
DNase activity were found in 90-95% of patients [14, 74,
75]. This may be associated with the existence of some AB
to various autoantigens in healthy people and animals
[76, 77]. Frequently, the increase in mean values of AB
titers typical for healthy donors and AID patients is
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detected at late stages or during disease recurrence. In
healthy donors abzymes with various catalytic activities
are either absent (DNase, RNase, ATPase, MBP-
hydrolyzing activities [5-9, 12-17, 32-34, 54, 55]) or are
characterized by very low relative activity (hydrolysis of
VIP [10], thyroglobulin [28, 29], and polysaccharides
[23-26]). The presence of AB activity determined by its
intrinsic catalysis, which (in contrast to ELISA) is char-
acterized by generation of a reaction product due to large
turnover number of this catalyst and possibility of subse-
quent increase in the turnover number by extending reac-
tion time provide good opportunity for detection of even
a small quantity of abzymes with low activity in polyclon-
al AB preparations.

Studying AB from blood of patients with various
AID, we have demonstrated that statistically significant
abzyme appearance is detected at the earliest stages of
various pathologies, when changes in antibody titers to
antigens specific for various diseases, for example, DNA
(SLE, MS, AIT), basic myelin protein (MS), and thy-
roglobulin (AIT) are within the range of the AB titers
determined in healthy donors [5-9]. This was confirmed
during analysis of AB titers to DNA and relative abzyme
activities hydrolyzing DNA, ATP, and polysaccharides
during spontaneous development of SLE in MRL-1pr/Ipr
autoimmune mice [37, 38] (see below). It was concluded
that appearance or a large increase (by tens of times) of
the abzyme activity in blood of patients and animals (ver-
sus healthy individuals) can serve as the earliest indicators
of AID development [9, 38].

Several medical criteria proposed by Poser are used
for MS diagnostics [78, 79]; however, the final diagnosis
is verified by tomographic detection of plaques in the
brains of MS patients, but these plaques appear at later
stages of this disease. Anti-DNA antibodies in MS
patients were traditionally considered only as additional
evidence of systemic imbalance of immune regulation,
which did not have independent pathogenic importance.
However, in brain plaques and liquor only anti-DNA AB
were found; these are the major component of the intra-
cerebral IgG response and bind to the surface of neuronal
cells and oligodendrocytes [80]. These results were inter-
preted as evidence for the leading role of anti-DNA AB in
MS pathogenesis [80].

Examining three patients, A. S. Mogelnitskii sug-
gested the possibility of initial stages of MS, but the
symptoms did not meet Poser’s criteria [81]. However,
AB found in blood of these patients exhibited high DNase
activity, and this the suggested possibility of an early stage
of MS. One and a half years later these patients met
Poser’s criteria, and after 2-3 consecutive years brain
plaques were also found in these patients. According to
[32-34], detection of abzymes (IgG, IgA, and IgM)
hydrolyzing MBP can serve as a more reliable criterion of
the development of MS because such abzymes have not
been found in healthy individuals. The IgG-dependent
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specific cleavage of an oligopeptide corresponding to one
of the specific cleavage sites in MBP has been proposed as
a MS marker [82].

It should be noted that the use of detection of
abzyme activity for diagnostics of various AID meets
some problems. For example, VIP-hydrolyzing abzymes
have been found not only in asthmatic patients but also in
healthy donors [10], and thyroglobulin-hydrolyzing
abzymes were detected in AIT patients and patients with
polyarthritis [28, 29]. Polysaccharide-hydrolyzing
abzymes were found not only in AID patients but also in
healthy individuals [23]. Nevertheless, in AID patients
these abzyme activities were 1-3 orders of magnitude
higher. Thus, activities of these abzymes can be used in
AID diagnostics as additional criteria, and taking into
consideration normal ranges of these parameters in
healthy donors, as in the case of application of the anti-
DNA AB titers, for SLE diagnostics.

Although abzymes hydrolyzing DNA, RNA, and
ATP have not been found in healthy donors and they are
reliably detected in debut (initial stage) of various diseases
(SLE, MS, polyarthritis, Hashimoto’s thyroiditis [5-9]),
the use of the abzyme activity for diagnostics of these dis-
eases is complicated by some problems. The issue is that
such abzymes exhibiting low but reliably detected activity
have also been found in some infectious (bacterial and
viral) diseases [83]. In contrast to AID, the presence of
such abzymes in blood of patients with infectious bacter-
ial pathologies is transient, and they disappear after full
recovery. Nevertheless, diagnostics based on abzyme
detection can cause diagnostic errors. However, infec-
tious bacterial and viral diseases are recognized using var-
ious independent and specific diagnostic methods. Thus,
it is clear that AID diagnostics requires the use of known
independent methods to exclude other possible diseases.
But even in the absence of symptoms typical for other dis-
eases, AID diagnostics should be based on all known cri-
teria, and abzyme detection might help in specification of
diagnosis and indicate necessity of more detailed exami-
nation of patients. In this connection, it should be noted
that the RNA-hydrolyzing abzymes isolated from blood
of patients with various AID demonstrate various individ-
ual patterns of cleavage of tRNA specific for Phe and
other amino acids [84, 85]. This criterion may specify
particular type of diagnosed AID (SLE, MS, polyarthri-
tis, AIT, autoimmune viral hepatitis) characterized by
generation of the RNA-hydrolyzing abzymes.

Although use of relative catalytic activity of abzymes
has limited diagnostic capacity, abzymes might be suc-
cessfully used for evaluation of severity of Al processes in
patients with known diagnosis. Studying 120 AIT patients,
it was demonstrated that the increase in relative activity of
DNA-hydrolyzing abzymes correlated well with the
decrease in thyroid hormone concentration, increase in
AB concentration against thyroglobulin and microsomal
fraction, impairments in patient conditions, and degree of
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impairment of thyroid gland function [86, 87]. It was
demonstrated that treatment of patients with thyroxin
(widely used for therapy of thyroid gland diseases) caused
only transient normalization of the concentration of this
hormone and general condition of the patients; this treat-
ment did not influence the blood level of DNA-hydrolyz-
ing antibodies and severity of Al processes. At the same
time, treatment of AIT patients with Plaquenil, suppress-
ing the immune system, significantly decreased the blood
level of abzymes, which occurred in parallel with the
decrease in blood thyroglobulin and AB to this protein as
well as a decrease in other immunological and biochemi-
cal parameters. This was accompanied by increase in thy-
roid hormone concentrations (basically up to normal val-
ues), correlated with improved thyroid gland function and
with improvement of general conditions of these patients
[86, 87]. Thus, analyses of AB associated DNA-hydrolyz-
ing activity in AIT patients can serve as additional criteria
for diagnostics of this disease and can be used for evalua-
tion of significant decrease in thyroid gland function in
such patients. It appears that analyses of abzymes with
other catalytic activities might be a similar way for diag-
nostics of various AID.

FEATURES OF DNA- AND RNA-HYDROLYZING
ABZYMES

Human abzymes exhibiting nuclease activities are
characterized by very high heterogeneity as demonstrated
by AB chromatography on DNA-cellulose; use of a NaCl
gradient from 0.05 to 3 M resulted in distribution of AB
and their catalytic activity over the whole chromato-
graphic profile; a part of the abzymes was eluted from the
column only with 2-3 M MgCl, or acidic buffer [5-9].
Figure 1 shows the distribution of blood abzymes from
sick MRL-Ipr/Ipr mice into fractions characterized by
various affinity to DNA and the dependence of their rel-
ative activity on Mg?*, Mn?", and Ca’>" [88].

Some studies [84, 85, 89, 90] analyzed a possible
spectrum of changes in abzyme specificity using a large
set of natural tRNAs specific to various amino acids (and
their transcripts) and variations of reaction conditions. It
was demonstrated that using a wide range of experimen-
tal conditions it is possible to detect not only major but
also minor abzyme fractions, and patients with various
AID exhibit individual sets of RNase activities (some of
them are unique). In contrast to known viral and pro- and
eukaryotic RNases, the RNA-hydrolyzing AB are sensi-
tive to slight changes in the spatial structure of the RNA
molecule and slight changes in nucleotide sequences
including point base substitutions [84, 85, 89, 90].
Summarizing all the data [12, 13, 17, 52, 53, 84-91], we
have come to a general conclusion that in AID patients a
relatively narrow or rather large repertoire of monoclonal
DNA- and RNA-hydrolyzing abzymes can be formed
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within polyclonal IgG and IgM. These immunoglobulins
are extremely variable, can contain both k- and A-type
light chains, exhibit maximal activity at various pH val-
ues, can have various total charges, and can be character-
ized by different affinity for DNA and RNA and different
dependence of their catalytic activity on the presence of
monovalent and bivalent metal ions. Thus, a question
concerning the reasons for extreme heterogeneity of
polyclonal AB with nuclease activities arises. It should be
noted that, theoretically, the human immune system can
generate up to 10° AB variants against one antigen.
According to modern concepts, there are two ways for
abzyme generation. Natural abzymes as well as AB
against transition state analogs might be AB directly gen-
erated against a substrate (DNA, RNA, protein, etc.),
which might imitate a chemical reaction transition state
[1-4]. For example, the abzymes hydrolyzing VIP [10],
thyroglobulin [28, 29], basic myelin protein [32-34],
casein [56], and reverse transcriptase and HIV integrase
[35, 36] are AB generated directly against these proteins.
However, abzymes can be antiidiotypic (i.e. represent AB
against active sites of enzymes), and their appearance can
be explained by means of the model of Jerne’s antiidio-
typic network [92]. Monoclonal antiidiotypic abzymes
with acetylcholine esterase [93, 94|, carboxypeptidase
[95, 96], and B-lactamase [97], and urease [98] activities
have been described in the literature.

It has been suggested that a part of AB from blood of
SLE patients that exhibits DNase activity might be anti-
idiotypic AB against topoisomerase I [99]. Indeed,
immunization of rabbits with DNase I resulted in gener-
ation of idiotypic AB1, and subsequent immunization
with AB1 raised antiidiotypic AB2 exhibiting DNase
activity [100]. Thus, theoretically, DNA-hydrolyzing AB
can be both AB against DNA and its complexes with pro-
teins and antiidiotypic AB against active sites of DNA-
cleaving enzymes. It is known that DNases and RNases
do not hydrolyze RNA and DNA, respectively. However,
separation of AB from blood of patients with various AID
and human milk on DNA-cellulose yielded AB fractions
hydrolyzing both DNA and RNA [5-9]. In addition, it
was demonstrated that the rate of RNA hydrolysis
(autoimmune mouse) by monoclonal IgG against various
DNA sequences was 30-100-fold higher than that of
DNA [101]. This raised a question on the nature of mono-
clonal DNA- and RNA-hydrolyzing AB in blood of
patients with AID, ways of their generation, possible
immunogens that stimulate their production, and also
possibilities for the existence of abzymes exhibiting either
DNase or RNase activities as well as chimeric abzymes
with both these activities. Therefore, we have tried to
clarify this problem by immunizing rabbits with DNA,
RNA, DNase I, DNase II, and pancreatic RNase A [102-
105] followed by comparative analysis of properties of all
resultant pIgG. It was found that the immunization with
any of these antigens results in generation of plgG;
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Fig. 1. DNA-cellulose affinity chromatography of plgG from
serum of a sick mouse with high proteinuria. The solid line shows
optical absorbance at 280 nm. Columns designate relative DNase
activity (RA) of the plgG fractions eluted from the sorbent by
various concentrations of KCI or 2 M MgCl, in the presence of
Ca*" (a), Mg?* (b), and Mn?" (c). Maximal activity of one of the
IgG fractions assayed in the presence of Mn*" (c) was defined as
100%.
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although the rate of RNA hydrolysis by these plgG was
10°-10* times higher than that of DNA, the repertoire of
monoclonal (within polyclonal) abzymes obtained during
immunization by each of these antigens was individual.
Interestingly, blood of healthy mammals contains (in
testable amounts) auto-AB against DNA, RNA, and var-
ious proteins and enzymes interacting with nucleic acids
[76, 77, 106]. In addition, the DNA-sorbents can interact
not only with anti-DNA AB, but also with other AB, for
example, against phospholipids, polysaccharides, cell
surface proteins, and other antigens and thus exhibit
cross-reactivity [76, 77, 106]. As in the case of healthy
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Fig. 2. DNA-cellulose affinity chromatography of plgG from
blood of two rabbits. Solid and dashed lines show optical
absorbance at 280 nm for a non-immunized rabbit and the rabbit
immunized with DNase I, respectively (a). Relative DNase ([J)
and RNase () activity (RA) of separate fractions of plgG eluted
with NaCl from the sorbent for non-immunized (a) and immu-
nized rabbit (b). Full transition of 4.43 nM scDNA into its
hydrolyzed forms during 18 h and total hydrolysis of 140 uM
poly(C) after 2.5-h incubation were defined as 100% RA for
DNA and RNA hydrolysis, respectively.
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donors [5-9], a small proportion of pIgG (26-31%) from
blood of healthy non-immunized rabbits was adsorbed on
DNA-cellulose (Fig. 2), but all the fractions were catalyt-
ically inactive. Immunization of rabbits with complexes
of DNA and RNA with methylated BSA, DNase I,
DNase II, and RNase resulted in an increase in AB
bound to the DNA-sorbent to 77.5%.

Table 1 summarizes data on the relative content and
activity of IgG in the peaks eluted from DNA-cellulose
during loading (peak /), and also elution with 0.1 (peak
2), 0.5 (peak 3), and 3 M NaCl (peak 4) and acidic buffer,
pH 2.6 (peak 5). One can see that immunization with
DNA results in generation of abzymes exhibiting the low-
est affinity towards DNA; the major proportion of DNase
activity (87.4%) was eluted from the sorbent during plgG
loading (peak 7), and this activity is absent in peaks 3-5.
Fractions with DNase activity were eluted only in peaks /
and 2, whereas peak 3 contains only AB hydrolyzing only
RNA. Interestingly, immunization of rabbits with RNA
resulted in generation of DNA-hydrolyzing AB with
higher affinity towards DNA; these AB were eluted in
peaks 2-4 (with maximal activity detected in peak 3). In
contrast to anti-DNA AB, peak 3 corresponding to the
anti-RNA abzymes also exhibits both DNA- and RNA-
hydrolyzing activities, and for these AB it is the only peak
with RNase activity. Rabbit immunization with DNase I,
DNase II, and a RNase—BSA conjugate results mainly in
generation of abzymes that are antiidiotypic AB against
active sites of these enzymes. However, some part of the
forming abzymes did not bind to sorbents containing
immobilized idiotypic AB against these enzymes. This
suggests that some abzymes formed during immunization
with DNase I, DNase II, and RNase might represent AB
against nucleic acid associated with these enzymes.
Interestingly, AB exhibiting higher affinity to DNA and
eluting from DNA-cellulose by the acid buffer, pH 2.6
(Table 1) appear only after immunization with the
enzymes. In the case of DNase II and RNase, AB corre-
sponding to all five peaks exhibit DNase activity, whereas
in the case of anti-DNase II AB catalytic activity was not
detected only in peak 4 (3 M NaCl). Interestingly, in the
case of anti-DNA I AB, RNase activity was detected only
in peak 3, in the case of anti-RNase AB it was detected in
peaks 2 and 3, whereas in the case of anti-DNase I AB
this activity was found only in IgG peaks /-3. The ratio of
relative DNA- and RNA-hydrolyzing activities corre-
sponding to IgG peaks differing by affinity towards DNA
was individual for each immunogen (Table 1).

Data of Table 2 indicate that affinity for DNA signif-
icantly varies in AB. It is possible that plgG fractions cor-
responding to each peak (/-5) are also heterogeneous (by
affinity for DNA) and they may contain AB subfractions
differing by both substrate specificity and k., values. It
should be noted that the k., values found for each eluted
fraction mainly characterize a major subfraction of each
analyzed fraction that has maximal k_,,.
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Table 1. Relative catalytic activity evaluated by hydrolysis of supercoiled DNA and poly(C) and relative content of
plgG in the fractions separated by affinity chromatography on DNA-cellulose [91-94]

Elution conditions RA, DNase RA, DNase RA, DNase
Peak* during chromatography RC, % (RNase), % RC, % (RNase), % RC, % (RNase), %
on DNA-cellulose**
non-immunized DNA RNA

0 before fractionation 100 0(0) 100 100 (100) 100 100 (100)

1 0.0 M NaCl 68.8 0(0) 22.5 87.4 (38.3) 56.0 0 (0)

2 0.1 M NaCl 9.3 0(0) 5.7 12.6 (26.2) 11.0 30.0 (0)

3 0.5 M NaCl 17.1 0(0) 66.6 0(35.5) 29.0 68.7 (100)

4 3 M NaCl 4.8 0(0) 5.2 0 (0) 4.0 1.3 (0)

5 pH 2.6 0 0(0) 0 0 (0) 0 0 (0)

DNase I DNase 11 Ribonuclease

0 before fractionation 100 100 (100) 100 100 (100) 100 100 (100)

1 0.0 M NaCl 37.3 9.3 (0) 55.6 5.5(19.7) 45.0 6.0 (0)

2 0.1 M NaCl 18.2 29.5 (0) 11.1 25.7 (52.9) 22.6 67.5(44.7)

3 0.5 M NaCl 34.2 54.6 (100) 28.3 27.8 (27.4) 15.8 6.4 (55.3)

4 3 M NaCl 0 0.0 (0) 2.0 22.3(0.0) 7.8 11.3 (0)

5 pH 2.6 10.3 6.6 (0) 3.0 18.6 (0.0) 8.8 8.8 (0)

Note: Immunogens, relative content (RC) of IgG in various peaks, and relative total activity (RA) of DNA and RNA hydrolysis are shown. Assay

error did not exceed 10-15%.

* Peak numbers are the same for all chromatographic procedures as in Fig. 2.
** Salt concentrations or buffer used for elution of IgG fractions from DNA-cellulose are shown.

Depending on the antigen used, the IgG fractions
eluted after affinity column loading were characterized by
the K., values for DNA ranging from 18.3 (anti-RNase) to
68.7 nM (anti-DNase I); AB affinity for DNA (in terms
of K., values) gradually increased with the increase in salt
concentration used for abzyme elution (Table 2). For
example, in the case of the fractions eluted with the acidic
buffer, the K, values were 9-190 times lower than for the
fractions eluted during loading. Anti-DNA IgG demon-
strated the lowest affinity to DNA and the highest rate of
its hydrolysis (k. = 2.5-10~* min™"). If we define the anti-
DNA AB k., value as 100%, the relative rate of DNA
hydrolysis by AB against other antigens decreases in the
following order: anti-DNA (100%) > anti-DNase 1
(~52%) > anti-DNase 11 (~40%) > anti-RNase (~12%) >
anti-RNA (~0.7%). However, the relative activities of
separate fractions of AB against each of these antigens
may differ by 1.5-26-fold in dependence on the particular
antigen (Table 2).

There were fewer IgG fractions with RNase activity
than with DNase activity (Table 2), but relative DNA-
hydrolyzing activity of rabbit AB (as in the blood AB from
AID patients [4-9]) was several orders of magnitude lower
(Table 3). In the case of rabbit immunization with RNA
or DNase I, only one fraction with RNase activity eluted
in peak 3 (0.5 M NaCl) was formed; each of these frac-
tions (from RNA- and DNase [-immunized rabbits)
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demonstrated comparable relative activity (Table 3). At
the same time, immunization with DNA, DNase II, and
RNase resulted in formation of two or three abzyme frac-
tions hydrolyzing RNA, and their affinity for poly(C)
increase with the increase in NaCl concentration (Table
3). Interestingly, rabbit immunization with DNA caused
generation of abzymes exhibiting maximal DNA- and
RNA-hydrolyzing activity, although the rate of poly(C)
hydrolysis was three orders of magnitude higher. If we
define the k., value for poly(C) hydrolysis by anti-DNA
AB as 100%, the relative rates of RNA hydrolysis by non-
fractionated (on the DNA sorbent) AB against other anti-
gens decreased in the following order: anti-DNA
(100%) > anti-DNase II (~81.8%) > RNase (~54.5%) >
anti-DNase I (~12.7%) > anti-RNA (~11.4%) (Table 3).
However, the relative activities of individual (separated on
DNA-cellulose) fractions of AB against each of these
antigens can differ by 2-13-fold.

The abilities of the antigens used to induce genera-
tion of abzymes with RNA- and DNA-hydrolyzing
activities significantly differed. For example, immuniza-
tion with DNase I caused generation of abzymes with
high DNase but low RNase activity, whereas RNase
induced AB with high RNase and low DNase activity. It
appears that IgG from each peak eluted from DNA-cel-
lulose at various NaCl concentrations can contain AB
hydrolyzing only DNA, only RNA, or AB that can
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Table 2. The K, and k,,, values of supercoiled DNA hydrolysis characterizing blood pIgG fractions from rabbits immu-

nized with DNA, RNA, DNase I, DNase II, and RNase

Peak Elution condition during chromatography K., nM Koy x 104, K, nM ki x 104,
on DNA-cellulose min~" min~!
DNA RNA
0 before fractionation 58.9+13.9 25%£0.3 20.0 £5.0 0.017 £0.002
1 0.0 M NaCl 68.1 114 6.9+0.7 0 0
2 0.1 M NaCl 21.5+4.0 4.7+04 21.0+ 5.0 0.07 £0.02
3 0.5 M NaCl 0.0 0.0 12.0 £ 3.0 0.12+£0.2
DNase 1 DNase 11
0 before fractionation 8.8+ 1.0 1.28 £0.02 15.8+£2.0 1.0 £0.1
0.28 £0.02
1 0.0 M NaCl 68.7 £ 8.8 0.1+0.015 60.8 £10.5 0.53 +£0.08
2 0.1 M NaCl 9.5+1.5 0.28 £0.035 18.3 £ 3.5 22404
3 0.5 M NaCl 7.0+0.8 0.46 £ 0.07 13.5£2.5 8.7+1.7
4 3 M NaCl 0.0 0.0 0.8 £0.1 39+£0.5
5 pH 2.6 0.36 £0.05 0.16 £0.02 0.5+0.09 1.1+0.2
RNase
0 before fractionation 1.0+04 0.16 £0.05
154 +£3.7 0.61 £0.22
1 0.0 M NaCl 18.3 £ 3.3 0.32 £0.04
2 0.1 M NaCl 156 £ 1.6 47+1.0
3 0.5 M NaCl 11.3 £ 3.0 0.18 £0.03
4 3 M NaCl 0.8 +0.1 0.3 +0.05
5 pH 2.6 0.5+0.1 0.45 £+ 0.06

Note: Fractions were obtained during separation of total pIgG preparations by affinity chromatography on DNA-cellulose [91-94]; salt concentra-
tions or buffer used for elution of IgG fraction from DNA-cellulose are shown. Assay error did not exceed 15-20%.

hydrolyze both RNA and DNA. However, separation of
such three types of IgG fractions by chromatography on
DNA-cellulose represents a rather serious problem. Only
in the case of anti-DNA IgG was it possible to separate a
fraction that actively hydrolyzed RNA but was inactive in
DNA hydrolysis (fraction 3, 0.5 M NaCl) (Tables 2 and
3). This is the first example of plgG that can hydrolyze
only RNA. However, in the case of AB against all the
antigens there were fractions hydrolyzing both DNA and
RNA, and lack of any fraction exhibiting only DNase
activity was only in the case of anti-DNA IgG (Tables 2
and 3). The possibility of the existence of abzymes with a
chimeric structure in IgG fractions is supported by the
fact that monoclonal (mouse SLE) AB against various
DNA sequences were 30-100 times more active in
hydrolysis of RNA than DNA [101]. Rabbit immuniza-
tion with any antigen used (DNA, RNA, DNase I,
DNase II, RNase) caused generation of a large number
of abzymes exhibiting various affinity to DNA and RNA;
these abzymes also differed in relative rates of hydrolysis
of these substrates. In addition, each of these antigens is
characterized by an individual repertoire of monoclonal

abzymes exhibiting only DNA- or only RNA-hydrolyz-
ing activity and also abzymes possessing both these activ-
ities.

These data suggest that DNA, RNA, their various
complexes with histones and other proteins, and enzymes
of cell nuclei, cytoplasm, and blood, and also DNases,
RNases, as well as other various cell and blood enzymes
cleaving DNA and RNA can represent antigens in AID.
Consequently, one of reasons underlying extreme hetero-
geneity of DNA- and RNA-hydrolyzing abzymes in
patients with some autoimmune and viral diseases con-
sists of extremely large number of antigens and autoim-
munization with these antigens causes generation of a
large number of monoclonal abzymes with nuclease
activities.

In this connection, it should be mentioned again
that, theoretically, the human immune system is able to
generate up to 10° variants of AB against one antigen.
Development of Al reactions is accompanied by active
apoptosis of cells, and various nuclear and cytoplasmic
components including degraded DNA and RNA and also
their complexes with various proteins and enzymes enter
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Table 3. The K, and k_,, values of poly(C) hydrolysis characterizing blood plgG fractions from rabbits immunized with

DNA, RNA, DNase I, DNase II, and RNase

Peak Elution conditions during chromatography K, utM Ko, min~! K, utM Ko, min™!
on DNA-cellulose
DNA RNA
0 before fractionation 339+ 7.8 0.22 +£0.02 13.0 £ 2.0 0.025 = 0.005
1 0.0 M NaCl 73.2+14.8 0.32 £0.03 0 0
2 0.1 M NaCl 28.5+ 3.0 3504 0 0
3 0.5 M NaCl 252+%5.6 1.1£0.1 14.0 £2.0 0.1 £0.02
DNase 1 DNase 11
0 before fractionation 13.4+2.0 0.028 = 0.003 329+37 0.18 = 0.02
1 0.0 M NaCl 0 0 83.7+£9.8 0.07 £0.01
2 0.1 M NaCl 0 0 342+49 0.88 = 0.09
3 0.5 M NaCl 122+ 1.8 0.11 £0.015 154 +£2.0 0.17 £0.025
RNase
0 before fractionation 18.4+2.7 0.12+0.2
1 0.0 M NaCl 0.0 0.0
2 0.1 M NaCl 184 +2.2 0.39 £0.04
3 0.5 M NaCl 18.7£2.6 0.69 £0.08

Note: Fractions were obtained during separation of total plgG preparations by affinity chromatography on DNA-cellulose [91-94]; salt concentra-
tions or buffer used for elution of IgG fractions from DNA-cellulose are shown. Assay error did not exceed 15-20%.

the mammalian circulation. The immune system can
raise AB against relatively short DNA and RNA frag-
ments of any sequences, especially if they are in complex-
es with proteins [107-110]. According to [104, 105], for
rabbit immunization with DNase I, DNase II, and
RNase the major proportion of DNA- and RNA-
hydrolyzing AB represent antiidiotypic AB against active
sites of these enzymes, but a small part does not bind to
IgG against these enzymes and might thus represent AB
against nucleic acid existing in complexes with these
enzymes. Besides five RNases and a few DNases of
human blood, various enzymes from human cells, for
example, topoisomerase I [99] capable of cleaving DNA,
can act as antigens inducing generation of antiidiotypic
AB.

Thus, a large number of antigens and many AB vari-
ants formed in response to each antigen are the most
probable reasons underlying extreme diversity of DNA-
and RNA-hydrolyzing abzymes. Using immunization of
healthy rabbits with various antigens, it is possible to
model only formation of DNA- and RNA-hydrolyzing
abzymes in healthy mammals. Since immunization of Al
mice results in much higher increase in the relative con-
tent of abzymes and their catalytic activity than in ordi-
nary mice [111, 112] it is possible that additional mecha-
nisms extending the repertoire of monoclonal AB variants
interacting with DNA and RNA and hydrolyzing these
substrates also exist in patients with AID.
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ASSOCIATION OF ABZYME GENERATION
WITH CHANGES IN DIFFERENTIATION
AND PROLIFERATION OF BONE MARROW
STEM CELLS

MRL-Ipr/Ipr mice are characterized by spontaneous
development of SLE. This disease starts at approximately
4 month of age, and at the age of 7 months the major pro-
portion of these mice has clear symptoms and also bio-
chemical (proteinuria >3 mg/ml) and immunological
(high concentration of anti-DNA AB) parameters typical
for this disease. At the age of 2-3 months all parameters of
healthy AI-MRL-Ipr/Ipr mice did not differ from control
healthy non-autoimmune mice, and blood AB from these
mice lacked catalytic activity (Table 4) [38]. Some MRL-
Ipr/Ipr mice did not have statistically significant changes
of proteinuria and titers of anti-DNA AB even at the age
of 7 months; however, AB of these mice already exhibited
reliably detected DNase and ATPase activities. The con-
dition of these mice may be considered as a pre-disease,
and 1-1.5 months after identification of reliably detected
catalytic activity in mice of any age (2-7 months) they
usually demonstrate all symptoms and biochemical and
immunological parameters of severe SLE pathology;
these parameters are typical for sick males and females at
the age of 7 months (Table 4). We have demonstrated that
as in the case of humans [4-9] at the earliest stages of
SLE, in MRL-Ipr/Ipr mice the only statistically signifi-
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Table 4. Biochemical and immunological characteristics of autoimmune MRL-Ipr/Ipr and control non-autoimmune
mice [38]

Group type Group | Proteinuria, | AB to native | AB to dena- DNase ATPase Amylase

number mg/ml DNA, As5 | tured DNA, activity, % activity, % activity, %
A450
Control mice, males and females
(CBA x C57BL) 1 0.12 £0.07 0.04+0.01 | 0.02+0.01 0** 0 1.0+ 0.5
F1 (3-7 months)
BALB/c (3-7 months) 2 0.1 £0.08 0.03+0.01 | 0.017 £ 0.004 0 0 1.1+£0.5
MRL-Ipr/lIpr, males
Healthy 3 0.38 £ 0.1 0.032 £ 0.01 | 0.09 £0.07 0 0 1.9+1.2
(2-3 months)*
Healthy, pre-disease 5 0.8+0.3 0.1 £0.05| 0.16%+0.05 3.0+ 1.0 0.4 £0.25 n.d.
(7 months)*
Sick (7 months) 7 8.0 + 3.1+ 0.2+0.05| 0.23%+0.11 22.0 +24.0 68.3 + 98.0 3.7+ 1.0
Immunized, healthy 9 9.5 + 1.7** 0.6 £0.17 1.1+£0.16 | 360.0 =230.0 | 1333 £+ 530 17.6 £ 7.5
(2-3 months)
MRL-Ipr/lpr, females

Healthy 4 0.31+0.03 0.08 £0.03 | 0.12 £0.06 0 0 1.8 £ 1.1
(2-3 months)*
Healthy, pre-disease 6 0.9+0.2 0.18 £ 0.1 0.08 + 0.04 6.1+2.8 24+ 1.7 n.d.
(7 months)*
Sick (7 months) 8 5.0 £3.8% | 0.23+0.1 0.21 £0.12 20.0 +21.0 65.0 + 93.0 9.2+5.4
Pregnant 10 0.31+£0.2 0.24 £0.05 | 0.25+0.07 7.3+6.0 39.31+42.8 39+3.6
(2-3 months)
Lactating (3 months), 11 0.32+0.1 0.54 + 0.3 0.35 £ 0.21 44.4 + 40.6 367 + 548 31.7+£273
4 days after delivery
Lactating (3 months), 12 0.70 £ 0.3 0.57+0.28 | 0.39+0.18 19.0 + 24.0 191 + 173 13.7 £ 11.0
14 days after delivery

Note: Proteinuria corresponded to >3 mg protein per ml urine. n.d., not determined. Parameters significantly different (»p < 0.05) from those in
healthy MRL-Ipr/lpr male and female mice are shown in bold.

* MRL-Ipr/Ipr mice without symptoms of SLE; the mice with all parameters basically the same as in healthy control or autoimmune mice are
conditionally defined as healthy mice; the other group of these mice with the same parameters as in healthy mice, but demonstrating detectable
abzyme activity, is defined as pre-diseased mice.

** 100% of relative activity corresponded to total conversion of substrate to product in the presence of 0.1 mg/ml IgG.

cant parameter indicating the onset of this disease is
detectable abzyme activity [37, 38]. It should be noted
that immunization of MRL-Ipr/lpr mice with the com-
plex of DNA with methylated BSA resulted in appearance
of all symptoms of SLE, and their blood contains high
concentrations of anti-DNA AB characterized by high
catalytic activities (Table 4).

Pregnancy is another special condition of both mice
and humans [5-9], when AB with high catalytic activities
are detected. Lactation is characterized by 6-10-fold
increase in abzyme activity (Table 4). Generation of

abzymes in pregnant and lactating mice is not associated
with proteinuria; however, there is statistically significant
increase in AB titers to native but not denatured DNA.
According to literature data, numerous Al impair-
ments can be associated with changes in proliferation and
differentiation of bone marrow stem cells (BMSC) [113].
Taking into consideration these data, we have performed
correlation analysis between biochemical and immuno-
logical parameters and also correlation analysis between
relative activities of abzymes and relative content of three
types of blood cell progenitors — erythroid burst-forming
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unit (BFU-E), granulocytic-macrophagic colony-forming
unit (CFU-GM), granulocytic-erythroid-megakaryocyt-
ic-macrophagic colony-forming unit (CFU-GEMM) —
in bone marrow of 12 groups of mice [38]. In healthy con-
trol and MRL-Ipr/lpr mice (2-7 month old) there were no
reliably detected abzyme activities and the levels of prolif-
eration and differentiation of BMSC were also compara-
ble (groups 1, 3, and 4; Table 5). Appearance of reliably
detected abzyme activity in the pre-diseased mice was
accompanied by a sharp and statistically significant
change in the differentiation profile and increase in the
proliferation level of BMSC; there was a significant
increase in the size of colonies (groups 5 and 6).
Transition from the pre-disease (groups 5 and 6) into the
true pathological condition (groups 7 and 8) was accom-
panied by a decrease in colony size to normal and also by
a sharp change in the differentiation profile, the level of
BMSC proliferation, and a sharp increase in the catalytic
activity of abzymes (Tables 4 and 5).

In contrast to the situation with spontaneous SLE,
immunization of mice with DNA caused the highest
increase in abzyme activity and manifestation of immu-
nization-induced symptoms of this disease (Table 4).
However, this was not associated with alteration of the
bone marrow immune system: the differentiation profile
and the level of differentiation of BMSC of these mice

(group 9) did not differ from those seen in healthy indi-
viduals (groups 1, 3, and 4). This suggests that immuniza-
tion of healthy mice with various antigens would have no
influence on BMSC. We have demonstrated [38] that
immunization of MRL-Ipr/Ipr mice with DNA caused a
sharp increase in lymphocyte proliferation, first of all in
lymph nodes, and to a lesser extent in spleen and thymus;
this was accompanied by a sharp inhibition of lymphocyte
apoptosis in these organs. During spontaneous develop-
ment of SLE the increase in lymphocyte proliferation in
these organs was markedly lower, and inhibition of apop-
tosis was less pronounced than in immunized mice. In
other words, the development of SLE induced by immu-
nization of MRL-Ipr/Ipr mice occurs at the level of pre-
differentiation and due to the increase in proliferation
and simultaneous suppression of lymphocyte apoptosis in
internal organs; spontaneous development of SLE is
characterized by altered differentiation profile and the
level of BMSC proliferation (the lymphocyte system of
internal organs is less affected). These data explain why
abzyme repertoire and relative level of abzyme activity is
significantly lower during immunization of mice that are
not prone to AID as compared with Al mice [111, 112].
Special attention ought to be paid to analysis of data
obtained using pregnant and lactating MRL-1pr/Ipr mice.
Appearance of reliably detected abzyme activities in preg-

Table 5. Formation of various blood cell progenitors in bone marrow of MRL-Ipr/Ipr and control non-autoimmune

mice [38]
Visual Group Number of colonies
Type of the group symptoms number
BFU-E** CFU-GM | CFU-GEMM
CBA (3-7 months) no 1 3.0£0.5 73+£1.0 0.25+0.05
MRL-Ipr/lpr, males
Healthy (2-3 months)* no 3 6.5+ 1.5 70+ 1.0 0.5+0.1
Healthy, pre-disease (7 months)* no 5 127+ 1.4 30.0 1.3 92+1.9
Sick (7 months) yes 7 25.3+9.8 74104 39+2.0
Immunized, healthy (2-3 months) yes, weak 9 7.0+ 2.1 6.0£2.6 0.9x0.7
MRL-Ipr/lpr, females
Healthy (2-3 months)* no 4 55+£0.5 11£2.5 0.5+0.2
Healthy, pre-disease (7 months)* no 6 11.5+£2.0 23.0 £ 3.0 8.2+3.0
Sick (7 months) yes 8 22.1£8.0 9.0+ 39 24+ 1.8
Pregnant (2-3 months) no 10 6.8 £2.0 7.8+ 1.5 0.1 £0.08
Lactating (3 months), 4 days after delivery no 11 8.8 £2.0 19.1+ 1.8 0.25+0.2
Lactating (3 months), 14 days after delivery no 12 21.0 £ 8.0 9.7+0.5 2.1+0.7

Note: Parameters significantly different (p < 0.05) from those in healthy MRL-1pr/lpr male and female mice are shown in bold.

* MRL-Ipr/Ipr mice without symptoms of SLE; the mice with all parameters basically the same as in healthy control or autoimmune mice are
conditionally defined as healthy mice; the other group of these mice with the same parameters as in healthy mice but demonstrating
detectable abzyme activity is defined as pre-diseased mice.

** BFU-E, erythroid burst-forming unit; CFU-GM, granulocytic-macrophagic colony-forming unit; CFU-GEMM, granulocytic-erythroid-

megakaryocytic-macrophagic colony-forming unit.

BIOCHEMISTRY (Moscow) Vol. 74 No. 9 2009



956

nant mice was associated with a sharp decrease in the dif-
ferentiation profile and suppression of BMSC prolifera-
tion (Tables 4 and 5) and also with simultaneous and very
potent decrease in lymphocyte apoptosis in lymph nodes,
thymus, spleen, and bone marrow. It should be accepted
that under normal conditions abzyme-synthesizing lym-
phocytes are eliminated via apoptosis. In this case, sup-
pression of apoptosis in pregnant mice might be the main
cause for abzyme generation in reliably detected quanti-
ties.

As it has already been mentioned, the immune mem-
ory of pregnant women accumulates information about
all hazardous environmental factors that appeared during
the third trimester of pregnancy. A switch of the immune
memory occurs right after deliver with onset of lactation;
foremilk, early milk, and blood contain AB to all the haz-
ardous factors penetrating into the female body orally or
due to some viral or bacterial infections. Four days after
delivery there was a sharp increase in the relative activity
of abzymes in mice (Table 4); this was associated with the
first step of alteration of the differentiation profile and the
increase in the proliferation level of BMSC of lactating
mice (Table 5); 14 days after birth there was a marked
decrease in relative activity of abzymes, and this activity
gradually decreases up to total disappearance by the end
of lactation and the differentiation profile and the prolif-
eration level of BMSC returns to the norm. Women were
characterized by basically the same pattern of altered rel-
ative activity of abzymes during pregnancy and onset and
termination of lactation [47, 55]. Transition from preg-
nancy to lactation is characterized by a 6-10-fold increase
in abzymes from blood of women [47, 55] and female
mice [38], but the abzyme activity in milk of parturient
women can be 10-1600-fold higher than in blood.
Interestingly, relative activity of DNA-hydrolyzing
abzymes in blood of pregnant women with pregnancy-
induced AIT was 6-10 time higher than in women without
clear symptoms of AID [47].

There is some similarity in abzyme production and
changes in differentiation profiles and the levels of BMSC
in MRL-Ipr/lpr mice with SLE, on one hand, and in
pregnant and lactating individuals, on the other hand. At
the same time, differentiation profiles and relative prolif-
eration levels of BMSC had marked differences in these
groups of mice (Table 5). In addition, autoimmune-like
proteins observed in parturient women are transient, and
in most cases their immune system returns to the normal
level after termination of lactation. However, typical AID
are chronic diseases with transient recurrence and remis-
sions, and they are basically incurable. This suggests exis-
tence of significant differences in changes in BMSC in
lactating woman and typical AID patients.

Based on the above-considered data, we should con-
clude that the appearance of new clones of abzyme-syn-
thesizing lymphocytes attributed to changes in differenti-
ation profiles and the level of BMSC proliferation repre-
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sent another reason underlying extreme heterogeneity of
DNA- and RNA-hydrolyzing abzymes in AID-patients
as compared with healthy non-immunized and immu-
nized individuals. This might account for the sharp
increase of monoclonal (within polyclonal) abzymes in
AID patients.

HETEROGENEITY OF ABZYMES
WITH PROTEOLYTIC ACTIVITY

Theoretically, catalytic heterogeneity of proteolytic
abzymes specifically hydrolyzing just one oligopeptide or
protein should be significantly lower than in the case of
DNA- and RNA-hydrolyzing abzymes because in this
case the number of antigens stimulating generation of
such abzymes is significantly lower (frequently, one anti-
gen). Originally, such clear catalytic heterogeneity was
found in IgG abzymes from blood of MS patients; these
abzymes specifically hydrolyzed MBP [32-34]. It was
demonstrated that plgG contained not only subfractions
of abzymes with proteolytic activity similar to that of ser-
ine proteases, but also subfractions exhibiting metallo-
protease-like activity [32-34]. Chromatography on a
metal ion-chelating sorbent resulted in separation of AB
with metalloprotease activity into many subfractions
exhibiting different affinity to metals and effectiveness of
MBP hydrolysis in the presence of various metal ions
[34]. Later it was demonstrated [114] that IgG abzymes
from MS patients hydrolyze MBP by four sequences cor-
responding to four main antigenic determinants of MBP.
Using the MBP-hydrolyzing abzymes from blood of MS
patients, we have demonstrated for the first time that the
proteolytic activity can be associated with IgG A- and k-
light chains and also with IgG antibodies, subclasses I-1V.

The IgG antibodies with specific B-casein hydrolyz-
ing activity isolated from blood of HIV-infected patients
are a second example of catalytic heterogeneity of proteo-
lytic abzymes [35]. During IgG chromatography on
Sepharose with immobilized 3-casein, they were separat-
ed into many catalytically active subfractions exhibiting
different affinity to casein. Being isolated from various
patients, plgG demonstrated various profiles of their rel-
ative activity on pH; this suggests the existence of various
repertoires of monoclonal AB with acidic, neutral, and
alkaline proteolytic activities, which obviously depend on
individual features of patients and also on severity of Al
processes.

CATALYTIC HETEROGENEITY
OF NUCLEOTIDE-DEPENDENT ABZYMES

Originally, catalytic heterogeneity of nucleotide-

dependent abzymes was found in milk sIgA from parturi-
ent women; these abzymes phosphorylated serine
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residues in approximately 15 various milk proteins [49,
50]. Later this was found in milk AB hydrolyzing ATP,
ADP, and AMP [55]. Subsequently, high catalytic hetero-
geneity was also demonstrated for human milk sIgA and
IgG catalyzing phosphorylation of minor lipids [57, 58]
and polysaccharides [59, 60]. During chromatography on
ATP-Sepharose, abzymes with all these activities were
separated into many subfractions different in affinity for
ATP. Analysis of K, and V,,, values for reactions cat-
alyzed by these AB revealed from two to four values of
each of these parameters (in dependence on preparation
used). In some cases the increase in ATP concentrations
caused a wave-like increase in the reaction rate during a
wide-range variation of substrate concentration (up to 3-
4 orders of magnitude); this suggested the presence of an
extremely high number of monoclonal abzymes with dif-
ferent affinity to ATP in the total AB pool.

CATALYTIC HETEROGENEITY OF ABZYMES
WITH OXIDOREDUCTASE ACTIVITIES

In contrast to abzymes with DNase, RNase,
nucleotide-dependent, and proteolytic activities isolated
from animal and human blood, IgG antibodies isolated
from blood of healthy Wistar rats [64-67] were character-
ized by single K, and V,,,, values for oxidized substrates
(aromatic amines and phenols) in the reactions of H,O,-
dependent peroxidation and H,0,-independent oxidore-
ductase oxidation. At the same time, plgG contained
subfractions strongly different in affinity for hydrogen
peroxide, and pH optima varied from very acidic (3-4) to
alkaline pH values (9-10) [67]. During chromatography
on the Chelex sorbent chelating metal ions, there was
adsorption up to 40% of total AB pool and distribution of
peroxidase and oxidoreductase activities over the whole
chromatographic profile (during elution with NaCl gradi-
ent from 10 mM to 1 M) [65]. Some very small AB frac-
tions exhibited higher activity in the presence of Cu?*
than Fe?*, whereas others demonstrated the opposite
preference.

All known plant, bacterial, and eukaryotic oxidases,
peroxidases, and dismutases utilizing reactive oxygen
species as substrates are enzymes exhibiting dependence
of their catalytic activity on metal ions [115]. Selenium-
dependent glutathione peroxidase is the only enzyme that
does not depend on metal ion. Two known eukaryotic
superoxide dismutases are the Mn- and Cu,Zn-depend-
ent enzymes, whereas in some bacteria Ni- and Fe-
dependent dismutases have been recognized. Human
Fe**-dependent catalase is mainly localized in hepato-
cytes and peroxisomes. There are some plant peroxidases
that share enzymatic properties with horseradish peroxi-
dase, one of the most active enzymes, which also exhibits
wide substrate specificity. All known plant peroxidases are
porphyrin-dependent enzymes.
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In contrast to horseradish (and other plant) peroxi-
dase and also oxidoreductases, abzymes exhibiting oxi-
doreductase activities can be activated by various transi-
tion metal ions (Fe?*, Cu>*, Mn?*, Co?", Ni**) [66]. After
separation on Chelex, individual plgG fractions exhibit-
ed different effectiveness of their activation by various
metal ions. Moreover, these abzymes exhibited the high-
est activity in the presence of two types of metal ions:
Cu2+ + Mn2+, Cu2+ + Zn2+’ Fe2+ + Mn2+, Fe2+ + Zn2+
[116]. All these data suggest very high catalytic hetero-
geneity of rat abzymes with oxidoreductase activities.

Thus, there is evidence that the immune system of
higher organisms can generate many various AB variants
to each foreign and in the case of AID own (auto)antigen.
It appears that among all AB variants against one antigen,
the major proportion of AB lacks catalytic activity
because even generation of AB against chemically stable
transition state analogs (as haptens) results in AB genera-
tion, but only a part of them exhibits catalytic activity [4].
However, in contrast to canonic proteases cleaving any
proteins, small AB fractions generated in various AID
selectively hydrolyze just one protein: VIP in asthma [10],
thyroglobulin in AIT [28, 29], MBP in MS [32-34], and
HIV reverse transcriptase and integrase and also casein
and human serum albumin (HSA) in AIDS [35]. Taking
into consideration these facts, abzymes should be consid-
ered as a source of enzymes with new catalytic activities
otherwise absent in nature.

It is known that auto-AB are generated not only in
patients with AID, but also in healthy donors; in the latter
case the auto-AB titer could be rather high. However,
abzymes with some reliably detected activities (e.g. DNase
and RNase) that can be harmful for the body are not
detected in blood of healthy donors. It appears that clones
of lymphocytes synthesizing such abzymes are constantly
eliminated by apoptosis in healthy individuals. However,
blood of healthy people may contain AB hydrolyzing poly-
saccharides, VIP, and thyroglobulin [10, 23, 29]. Although
this suggests abzyme generation in healthy people, it is
possible that such abzymes are less harmful for them.

Blood AB with DNase and ATPase activities are
detected in both pregnant women and female mice even
in the cases of lack of such activities in plgG before preg-
nancy. First of all this can be attributed to suppression of
lymphocyte apoptosis in all organs during pregnancys; this
can result in accumulation of lymphocyte clones generat-
ing abzymes. Pregnancy is characterized by rearrange-
ments of the mouse bone marrow immune system, and
when the immune memory begins to function (with onset
of lactation) it synthesizes large quantities of various AB
and abzymes. It is possible that small clones of abzyme-
synthesizing lymphocytes might be formed even during
pregnancy, and appearance of these clones is associated
with an altered differentiation profile of BMSC.

It should be emphasized that immunization of
healthy mice mainly involves lymphocytes of peripheral
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organs (lymph nodes, spleen, and thymus) but not BMSC
[38]. This suggests that the huge diversity of DNA-
hydrolyzing abzymes that appeared during immunization
of healthy rabbits with DNA, RNA, DNase I, DNase II,
RNase [102-105] is determined by processes of alterna-
tive lymphocyte differentiation in the internal organ.
Rabbit immunization with DNA and RNA resulted in
generation of abzymes with low affinity to DNA only in
the case of generation of antiidiotypic AB against active
sites of DNase I, DNase II, and RNase [102-105].
Although separation of the plgG obtained from various
AID patients on DNA-cellulose revealed AB distributed
over the whole chromatographic profile (0-3 M NaCl),
small abzyme fractions were eluted by means of 3 M
MgCl, or acidic buffer (pH 2.6) [4-9]. Thus, it is clear
that DNA- and RNA-hydrolyzing abzymes detected in
AID represent a “cocktail” of AB against DNA and RNA
and antiidiotypes against various DNA- and RNA-
hydrolyzing enzymes.

Since mice with spontaneous SLE and healthy mice
subjected to immunization with DNA are characterized
by increased lymphocyte proliferation in internal organs,
it appears that abzyme generation in sick mice might be
partially determined by alternative lymphocytes similar to
that observed in healthy mice. However, in mice with SLE
specific change in the differentiation profile and the
increase in BMSC proliferation level might significantly
influence the lymphocyte repertoire diversity in internal
organs. Obviously, the change in the BMSC differentia-
tion profile results in appearance of lymphocytes synthe-
sizing abzymes of higher activity and possibly with other
biological functions. In this connection, it should be
noted that DNA-hydrolyzing IgG from blood of healthy
rabbits immunized with DNA, RNA, DNase I, DNase
II, and RNase are not cytotoxic to cancer cells. Only
DNA-hydrolyzing abzymes from about 30% of MS
patients exhibited marked cytotoxicity [8]. At the same
time, DNA-hydrolyzing abzymes from blood of all SLE-
patients exhibit reliably detected cytotoxicity, but there
was no strict correlation with relative activity of these
abzymes (AB with lower DNA activity could exhibit
higher cytotoxicity and vice versa). This suggests that not
all DNA-hydrolyzing abzymes are cytotoxic and that for-
mation of specific lymphocytes generating abzymes with
the highest cytotoxicity might occur mainly in AID. In
addition, RNA-hydrolyzing abzymes from blood of
patients with various AID differ in patterns of cleavage of
various tRNAs [84, 85]. Consequently, structure of active
sites of abzymes may also depend on type of diseases.

Thus, it appears that a part of lymphocytes, which
synthesize various abzymes in patients with Al reactions,
can be eliminated by apoptosis. However, our data indi-
cate that many clones remain, and our pilot estimations
indicate that their number may exceed tens and in some
cases even hundreds, and this underlies the extreme het-
erogeneity of abzymes exhibiting various activities. In the
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case of DNA- and RNA-hydrolyzing AB, the number of
abzymes also increases due to the presence of many anti-
gens in the human body. These antigens can induce gen-
eration of such abzymes.
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