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Abstract—In human milk we previously found catalytic antibodies (abzymes) catalyzing hydrolysis of DNA, RNA, NMP,
NDP, and NTP and also phosphorylation of proteins and lipids. In the present study we have analyzed nuclease activities of
antibodies in blood of women during pregnancy and lactation. Blood of healthy male and female volunteers lacked catalyti-
cally active antibodies, whereas antibodies from blood of pregnant women hydrolyzed DNA and RNA and their relative activ-
ity varied over a wide range. Relative blood abzyme activities significantly increased after delivery and at the beginning of lac-
tation. The highest abzyme activity was observed in blood of parturient women. Although the dynamics of changes in anti-
body DNase activity during pregnancy was rather individual for each woman, there was a common trend in the increase in
antibody activity in the first and/or third trimester of the pregnancy. The DNase activity of IgG and IgM from blood of
healthy pregnant women was 4-5 times less than that from pregnant women with pronounced autoimmune thyroiditis.
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During the last 15 years, the catalytic function of
antibodies has been recognized. Such antibodies were
called abzymes or catalytically active antibodies. There
are more than 100 various reactions catalyzed by anti-
bodies to stable analogs of transition state reaction com-
plexes. These data have been considered in several
reviews on design of effective catalytic antibodies and the
development of a new scientific discipline, abzymology
[1-7].

Natural abzymes exhibiting various catalytic activi-
ties are now known. These include proteolytic, phos-
phatase activities in patients with autoimmune diseases
(e.g., bronchial asthma, systemic lupus erythematosus,
autoimmune thyroiditis, polymyositis, polyarthritis, and
multiple sclerosis) and some viral diseases (e.g., hepatitis,
AIDS) (see for review [6, 8-11]).

Abbreviations: AB) antibody; ON) oligonucleotide; DTT)
dithiothreitol.
* To whom correspondence should be addressed.

Blood of patients with some autoimmune diseases
contains increased concentrations of DNA and anti-
DNA antibodies [10] which appear in blood as the result
of apoptosis. Apoptotic cell antigens are recognized as the
targets for autoantibodies [6-9]. Many anti-DNA anti-
bodies are against nucleosome histone—DNA complexes,
which appear as the result of apoptotic internucleosome
cleavage. Apoptotic cells are the primary source of anti-
gens and immunogens in systemic lupus erythematosus;
these peculiarities of recognition, “understanding”, pro-
cessing, and/or presentation of apoptotic autoantigen by
the antigen presenting cells may lead to autoimmune
processes [6-9].

Autoimmune diseases are characterized by sponta-
neous production of primary antibodies to proteins,
nucleic acids, and their complexes and then by produc-
tion of secondary antibodies to primary antibodies, etc.
[12, 13]. There is a notion that blood of patients with var-
ious autoimmune diseases may contain various antibod-
ies, including antibodies to antigen with altered confor-

0006-2979/03/6808-0890$25.00 ©2003 MAIK “Nauka/Interperiodica”



ABZYME NUCLEASE ACTIVITY DURING PREGNANCY AND LACTATION

mation (transition state analogs) or antiidiotypic anti-
bodies. Their appearance may be explained on the basis
of Jerne’s model of an antiidiotypic network [14].
According to modern concepts, the presence of catalytic
antibodies in the blood is a clear sign underlying the
development of autoimmune processes in patients [9-
11]. The existence of natural abzymes in donors without
manifestations of any pathology of immune status was
considered for a long time as improbable due to the
absence of evident immunization. However, we initially
described the presence of sIgA in milk of healthy parturi-
ent women; these antibodies catalyzed protein phospho-
rylation [15-17]. Later we found that small subfractions
of polyclonal IgG and sIgA from human milk catalyzed
hydrolysis of DNA, RNA [18-21], ribo- and deoxyribo-
NMP, -NDP, and -NTP [22] and also cleavage of 5'-ter-
minal phosphate of DNA and RNA (phosphatase) [20,
21] and polysaccharide hydrolysis [23]. Human milk
antibodies are usually characterized by higher catalytic
activity than most known abzymes from patients with
autoimmune diseases [9-11]. It should be noted that
abzymes were not found in healthy people and in patients
with influenza, pneumonia, tuberculosis, tonsillitis,
duodenal ulcer, and in some malignant tumors (e.g.,
uterus, breast, and intestine cancers) [9-11] which do not
alter the immune status. This raised absolutely new ques-
tions on the origin of abzymes and on immune status of
pregnant and lactating women. Taking into consideration
these problems, we have analyzed the literature data on
immune system of women during pregnancy and lacta-
tion. According to the literature data, blood of pregnant
women (as well as blood of patients with autoimmune
diseases) contains increased concentrations of DNA [24-
26] and low concentrations of fetal cells [27]. There is
correlation between increased incidences of fetal cells in
mother’s peripheral blood and such autoimmune disease
as scleroderma [27]. However, manifestations of
rheumatoid arthritis reduce or even disappear during
pregnancy [26], but other autoimmune diseases (e.g.,
systemic lupus erythematosus, anti-phospholipid syn-
drome [28], etc.) exacerbate in pregnant women.
Appearance of some autoimmune diseases was also
found during pregnancy of healthy women. Delivery may
cause sharp provocation of autoimmune pathology
(autoimmune shock). In some women, postpartum
autoimmune pathologies develop irrespectively to autoim-
mune shock. These include thyroiditis, renal insufficiency,
hemolytic—uremic syndrome, idiopathic polymyositis,
anti-phospholipid syndrome, and autoimmune myocardi-
tis [27, 29]. Postpartum autoimmune diseases may appear
right after delivery or later. Autoimmune thyroiditis is one
of the most frequent autoimmune disorders. According to
different studies, its frequency varies from 1.9 to 16.7%
[30, 31]. Maximal manifestation of autoimmune thyroidi-
tis is usually observed during the first 3-6 months, but not
later than one year after delivery.
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Thus, analysis of literature data provides convincing
evidence for the existence of pregnancy- and/or delivery-
provoked predisposition to autoimmune processes similar
to that observed in patients with autoimmune diseases.
The question is whether all these autoimmune processes
in patients with autoimmune diseases and in parturient
women have similar nature and whether they involve sim-
ilar or different mechanisms. It should be mentioned that
typical autoimmune diseases are chronic diseases charac-
terized by periods of attack and remission, whereas preg-
nancy-associated signs of autoimmune disorders are
often limited by pregnancy and postpartum period. For
example, the concentration of autoantibodies to thy-
roglobulin is lower during pregnancy than that before
pregnancy and after delivery; the lowest concentration is
observed during the third trimester [32, 33]. Study of 545
pregnant women revealed antibodies to thyroid hormone
and/or thyroid peroxidase (Tab+) in 102 (18.7%) of preg-
nant women and 33% of them suffered from postpartum
thyroiditis. In pregnant women lacking antibodies to
these autoantigens, only 3% of pregnant women had inci-
dences of autoimmune thyroiditis [34]. In other words,
disappearance of autoimmune disorders during the post-
partum period is normal although in some cases “typical
activation of autoimmune processes” in pregnant women
may be smoothly or sharply (via autoimmune shock)
transformed into typical chronic autoimmune process.

The behavior of the immune system during pregnan-
cy is of great interest. Progress in immunology of preg-
nancy promotes development of transplantation meth-
ods; this needs detailed study of immunologic tolerance
of mother and fetus. In spite of numerous data that have
accumulated, this problem still requires clarification of
many important points and some controversial results.
Pregnancy is characterized by significant reorganization
of the immune system, which does not disturb fetal devel-
opment; moreover, it does protect the fetal organism
against infection and embryo implantation triggers this
process.

As stated above, in human milk of parturient women
we found abzymes with various catalytic activities includ-
ing unique protein and lipid kinase activities [35, 36].
However, abzymes from blood of pregnant and lactating
women have not been investigated yet. Study of catalytic
activities of antibodies during pregnancy and lactation of
healthy women and those with autoimmune diseases may
help to evaluate features of their immune status and spec-
ify or determine possible reasons and mechanisms under-
lying appearance of autoimmune disorders in pregnant
and lactating women.

In the present study, we have analyzed DNA- and
RNA-hydrolyzing activity of antibodies in blood of
women before and after delivery and investigated the
dynamics of catalytic activities of antibodies during preg-
nancy. The data indicate that relative activities of various
abzymes may vary over a wide range (and even be absent
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in some cases), but generally their level significantly
increases after delivery and onset of lactation.

MATERIALS AND METHODS

Blood plasma of healthy pregnant and parturient
women was obtained from Polyclinic No. 1, Central
Clinical Hospital, Siberian Branch of the Russian
Academy of Sciences (Novosibirsk). Human milk was
obtained from various donors 0.3-5 months after onset of
lactation. Blood plasma of women suffering pregnancy-
induced autoimmune thyroiditis was obtained from the
Novosibirsk Medical University. These women were
observed at Novosibirsk city clinics.

Milk IgG and sIgA antibodies were isolated by affini-
ty chromatography on protein A-Sepharose followed by
chromatography on DEAE-cellulose and gel filtration
under conditions of decomposition of the immune com-
plexes (separation of IgG and sIgA antibodies) [18-21].
Before FPLC gel filtration, 250 pl of antibody solution
(about 1 mg/ml) was mixed with 83 ul 3 M MgCl, and
166 ul 3 M NaCl, incubated for 30 min and centrifuged at
10,000 rpm for 10 min. High performance gel filtration
was carried out using a Superdex 200 HR column 10/30
(100 x 300 mm) and Sprint Biocard chromatograph
(Pharmacia, Sweden). The column was equilibrated with
20 mM Tris-HCl buffer, pH 7.5. A sample (antibody solu-
tion) was applied onto the column after addition of 2 ml
of buffer containing 0.5 M MgCl, and 1 M NaCl.
Proteins were eluted with 20 mM Tris-HCI buffer,
pH 7.5, at a flow rate 0.2 ml/min.

Isolation of IgG from blood plasma. Plasma obtained
after mixing of 2.0 ml of the whole blood with 0.5 ml of
4% citrate buffer followed by centrifugation at 5000 rpm
for 10 min was mixed with saturated ammonium sulfate
solution (1 : 1 v/v). Homogenous antibody preparations
were obtained by the above described procedures for
purification of milk abzymes, which included gel filtra-
tion (separation of IgG and IgM). Electrophoresis of pro-
teins in the presence of sodium dodecyl sulfate was car-
ried out by the method of Laemmli [18, 37]; silver stain-
ing of proteins was carried out as described [38].

Abzyme purification on protein A-Sepharose
included so-called acidic shock; such treatment is often
fatal for many enzymes, which are completely inactivated
[9-11]. After such treatment, antibodies slowly recover
during storage in neutral buffer at 4°C for 0.5-2 months.
So, catalytic activity of antibodies was analyzed at least 1-
3 weeks after the last purification stage. During this peri-
od some antibodies were partially destroyed with forma-
tion of free light and heavy chains.

DNA hydrolysis. Catalytic activity of antibodies was
evaluated by conversion of supercoiled DNA of
Bluescript plasmid into circular nicking and linear forms
and short oligonucleotides (as in the case of phage A
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DNA). The reaction mixture (final volume 20 pl) con-
tained 20 mM Tris-HCI, pH 7.5, 5 mM MgCl,, | mM
EDTA, 150 ng of phage A DNA (or Bluescript plasmid).
The reaction initiated by adding 107°-5-10~7 M antibody
was carried out at 37°C for 2 h. Reaction products were
analyzed by electrophoresis in 1% agarose gel using the
following buffer: 40 mM Tris-acetate, pH 7.5, 1 mM
EDTA. For evaluation of DNA conversion, the gels were
stained with ethidium bromide (0.5 pg/ml), washed with
water, and photographed under UV light.

Hydrolysis of oligodeoxyribonuleotides (ON).
Homogenous 5'-[*?P]ON were obtained as described in
[39]; their concentrations were determined using molar
absorbance coefficients [40]. The reaction medium (of
total volume of 10-20 pl) contained 20 mM Tris-HCI
buffer, pH 7.5, 5 mM MgCl,, 1 mM EDTA, 1073-5-10° M
ON substrate. The reaction was started by adding 107°-
51077 M antibody. After incubation for 3-6 h, the reac-
tion medium was mixed with an equal volume of 95% form-
amide containing 0.1 mM EDTA, 0.025% xylene
cyanole, and 0.025% bromophenol blue. The reaction
products were analyzed by electrophoresis in 20% poly-
acrylamide gel containing 7 M urea and autoradio-
graphed for 15 min. The degree of hydrolysis was deter-
mined by the ratio of the sum of all products to initial
labeled ON; gel sites corresponding to spots on the
radioautograph were excised and the amount of labeled
compounds was determined by the Cherenkov method.

In gel analysis of DNA-hydrolyzing activity of anti-
body (in situ) [18]. This testing was carried out by means
of SDS-electrophoresis in polyacrylamide gel containing
5-20 pg/ml polymerized bovine spleen DNA. For intact
antibodies, electrophoresis was carried out in gradient 5-
15% polyacrylamide gel; 12% gel was used for analysis of
reduced antibody preparations (light and heavy chains).
The reduction procedure was carried out by incubating
preparations in the presence of 1 mM dithiothreitol at
37°C for 20 min. After the electrophoretic separation of
proteins, gels were washed with 4 M urea (for 1 h) and
water (10 times for 7 min) to remove SDS. For reduction
of antibody activity, gels were incubated in 20 mM Tris-
HCI buffer, pH 7.5, containing 5 mM MgCl,, 1 mM
EDTA at 37°C for 16 h. After this procedure the gels were
stained with ethidium bromide (0.5 pg/ml). Hydrolysis of
DNA was developed as a dark spot on homogenous fluo-
rescent background. Position of protein bands was identi-
fied after staining with Coomassie R-250.

Chemicals. Tris, 2-mercaptoethanol, 1,4-dithiothre-
itol (DTT), ammonium persulfate, EDTA, and agarose
were from Serva (Germany); SDS was from Merck
(Germany); N,N’-methylene-bis-acrylamide, acryl-
amide, bromophenol blue, and protein A-Sepharose CL-
4B were from Pharmacia (Sweden); magnesium chloride
was from Sigma (USA). Superdex 200 HR 30/10 was pur-
chased from Amersham-Pharmacia-Biotech (Sweden);
[y-*P]ATP (specific activity 0.7-0.8 Ci/mmol) was pro-

BIOCHEMISTRY (Moscow) Vol. 68 No.8 2003



ABZYME NUCLEASE ACTIVITY DURING PREGNANCY AND LACTATION

duced by Biosan (Novosibirsk, Russia). ON were kindly
presented by G. A. Maksakova (NIBKh, Siberian Branch
of the Russian Academy of Sciences). Phage T4 polynu-
cleotide kinase (specific activity 10 U/ul) was from
SibEnzyme (Novosibirsk, Russia); phage . DNA was
produced by NPO Vector (Novosibirsk, Russia).
Bluescript plasmid was the generous gift by D. V. Bugreev
(NIBKh, Siberian Branch of the Russian Academy of
Sciences). All other chemicals of “specially pure grade”
were produced by Reakhim (Russia).

RESULTS AND DISCUSSION

Our original method developed for abzyme purifica-
tion from human milk and blood includes affinity chro-
matography on protein A-Sepharose, ion-exchange chro-
matography on DEAE-cellulose, and gel filtration on
Superdex 200 HR [10]. Use of this method yields elec-
trophoretically homogenous IgG, sIgA, and IgM anti-
body preparations. Figure 1 shows the result of typical
electrophoretic analysis of IgG from blood of a pregnant
woman. These abzyme preparations are homogenous
before (Fig. 1, lane 2) and after (Fig. 1, lane 5) treatment
with DTT. The IgG preparation contained only light (L)
and heavy (H) chains of 25 and 50 kD, respectively.

Evidence for the existence of nuclease activity of anti-
bodies. Experimental evidence underlying catalytic activ-
ity of an antibody should usually meet 13 rather strict cri-
teria (see for review [10, 11]). Earlier we employed all
these criteria for attribution of DNA- and/or RNA-
hydrolyzing activities to IgG and sIgA antibodies from
parturient women. Analysis of these criteria revealed lack

123 45 6 7 8
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Fig. 1. Electrophoretic analysis of purified 1gG preparations
(Coomassie staining) isolated from human milk before (lane 2)
and after treatment with DTT (lane 5). Lanes / and 4 corre-
spond to analysis of milk IgG activity by the in gel method in
situ (gel contains DNA, negatives are shown). Lanes 6, 7, and
& correspond to analysis of activity of IgG from parturient
women’s blood by in situ method before (6) and after total (7)
and also after partial (§) reduction of disulfide bonds with
DTT. Lane 3 contains protein markers of known molecular
mass.
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of catalytic activity of antibodies isolated from blood of
healthy donors (men and women). In this study, we inves-
tigated the possibility of the existence of catalytic activity
of antibodies from milk and blood of healthy pregnant
and lactating women. Employment of some of the 13 cri-
teria revealed that antibodies from these groups of women
can catalyze DNA hydrolysis (data not shown). It should
be noted that the criteria employed gave definitive on the
attribution of catalytic activity to antibodies rather than
to any possible contamination. These include demonstra-
tion of catalytic activity of antibodies in situ after protein
separation by SDS-electrophoresis in gel containing a
substrate [18]. Previously we found that this is the strictest
criterion; if it is applicable, other (less strict) criteria are
applicable too [9-11].

Figure 1 shows that after SDS-electrophoresis of milk
IgG in DNA-containing gel, hydrolysis of DNA is
observed before reduction only in the sites corresponding
to position of protein bands of initial IgG (Fig. 1, lane 1).
After disulfide bond reduction with DTT, sites of DNA
hydrolysis corresponded to position of antibody light chain
(Fig. 1, lane 4). This unequivocally suggests that catalytic
activity is an intrinsic property of milk IgG light chains.

DNase activity of human plasma antibodies of preg-
nant and lactating women was significantly lower than
that of milk antibodies. Previously we demonstrated that
treatment of abzymes with SDS cause their deep denatu-
ration accompanied by loss of catalytic activity [9-11].
During subsequent renaturation, catalytic activity was
restored in a small proportion of antibody molecules. So,
only the most active antibody preparations could catalyze
hydrolysis of Bluescript plasmid. Nevertheless, Fig. 1
shows, that DNase activity was detected in the case of
IgG and IgG light chains from blood plasma of pregnant
and lactating women.

Thus, in the present study we have demonstrated for
the first time that not only milk but also blood plasma of
pregnant and lactating women may contain DNA-
hydrolyzing abzymes. As in the case of human milk IgG,
DNase activity of blood plasma Ig is the intrinsic proper-
ty of antibody light chain. This is consistent with litera-
ture data that in most cases catalytic sites of various
abzymes are located in the variable parts of Ig light chains
[10]. However, certain evidence exists that active site for-
mation in natural abzymes and in antibodies with catalyt-
ic activity induced by transition state analog formation of
active sites may involve not only light chains but also
heavy chain [10]. For example, formation of DNA-
hydrolyzing sIgA and ATP-hydrolyzing IgG of human
milk involves both light and heavy chains [21, 22].
Perhaps, organization of active sites of natural abzymes
may vary from one catalytic antibody to another, but
DNA-hydrolyzing IgG from blood plasma of parturient
women are related to the most common type of abzymes
found in autoimmune diseases, when the active site is
located in the light chain.
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Dynamics of DNase activity of blood antibodies dur-
ing pregnancy and post-parturient period. There were
several reasons to compare relative catalytic activity of
blood antibodies during pregnancy and also before and
after onset of lactation. At the first glance, during preg-
nancy and after delivery women lack evident signs of
autoimmune diseases. However, literature data suggest
that during pregnancy women are subjected to “latent
external” and “internal immunization”, autoimmuniza-
tion [11]. As stated above, blood of pregnant women con-
tains increased concentrations of DNA and small
amounts of fetal cells. It is also known that immuniza-
tion of animals with various proteins 1-3 months before
delivery (but not earlier!) was accompanied by accumu-
lation of high levels of antibodies to these proteins in
milk [41, 42]. According to results of our studies [43-45],
levels of human milk abzymes increased by orders when
women suffered from viral or allergic diseases during
pregnancy (not far from delivery). In other words, preg-
nant women are characterized by special type of
“immune response” to food antigens and various viruses
or bacteria. This suggests that pregnant women have spe-
cific “immune memory” [11]. However, it remains
unclear whether “latent external” and “internal” immu-
nizations of women may be realized during pregnancy or
only after onset of lactation.

Since DNA level increases in blood or pregnant
women at the first and the third trimesters [24-26] we
investigated DNA-hydrolyzing activity of blood antibod-
ies in women during various trimesters of pregnancy.
DNase activity of antibody preparations was determined
in blood serum using phage . DNA and Bluescript plas-
mid DNA. Figure 2 shows that blood serum DNase activ-
ity of IgG from donors of closing period of gestation (28-
32 weeks) significantly differed depending on the donor.
For example, antibodies from donors 1 and 2 exhibited
high DNase activity, whereas in antibodies of donors 7
and 9 this catalytic activity was not found. Thus, it is clear
that relative DNase activity is an individual feature of the
certain donor.

Figure 3 shows the dependence of relative DNase
activity of antibodies from four women on gestation peri-
od. In the first donor, increase in DNase activity was
observed during the first trimester (8 weeks) and then this
activity remained at the same level. In the case of the
fourth donor, the activity remained unchanged over the
whole gestation period. The tenth donor (as well as the
first one) was characterized by pronounced increase in
DNase activity during the first trimester (at 12-13 weeks),
then the activity decreased (14-19 weeks) and increased
again at the end of gestation. In the 11th donor initially
low DNase activity sharply increased at gestation period
of 18-26 weeks and then it sharply returned to the initial
level.

These results clearly demonstrate that patterns of
changes of DNase activity of antibodies do not coincide
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Fig. 2. DNase activity of IgG preparations from blood of preg-
nant women (28-32 weeks). Bluescript plasmid DNA was used
as substrate. (Negatives are shown.) Lane numbers /- 11 corre-
spond to donor number. K,) DNA incubated in the absence of
antibodies; K,) milk antibody (positive control). Forms of plas-
mid: C) circular; L) linear; SC) supercoiled.

in different pregnant women during gestation.
Nevertheless, in three of four cases higher catalytic activ-
ity of antibodies was found in the first than in the third
trimesters (Fig. 3). This is consistent with observation
that increased DNA content in blood of pregnant women
is often observed during the first and the third trimesters
of gestation [26], and the last gestation trimester is char-
acterized by apoptosis typical for autoimmune diseases
[46]. The second trimester is usually characterized by
decreased DNA content in blood. Generally, the level of
DNase activity in the third trimester is one order of mag-
nitude higher than that observed during the first trimester.

In the same series of donors, we tested changes of
catalytic activity of antibodies by hydrolysis of single
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Fig. 3. Dynamics of relative DNA-hydrolyzing activity of anti-
bodies from blood of four pregnant women (I-4).
Concentrations of antibody preparations selected for determi-
nation of relative catalytic activity favored preferential forma-
tion of circular nicking form during DNA hydrolysis. The
degree of hydrolysis was evaluated by transition of supercoiled
DNA into the circular form (in %). The highest activity of
antibody preparation among all antibody preparations tested
was defined as 100%. At 1077 M this antibody preparation
caused 100% transition of supercoiled DNA into the circular
form.
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stranded oligonucleotides (data not shown). These exper-
iments revealed that in one case oligonucleotide hydroly-
sis was not detected, but in the three other cases low cat-
alytic activity of abzymes increased in the third trimester.
This activity of blood abzymes was higher with r(pU),,
rather than with d(pT),, employed as substrates. This is
consistent with literature data that IgG from blood of
patients with various autoimmune diseases can hydrolyze
various types of RNA 10-1000-fold more effectively than
oligodeoxyribonucleotides [47]. Moreover, even mouse
monoclonal antibodies to various DNA sequences were
50-100-fold more active in hydrolysis of ribonucleotides
than deoxyribonucleotides [48].

For studies of catalytic activity of antibodies we
elected four donors; three of them characterized by
detectable DNA-hydrolyzing activity at later gestation
period. Blood of one woman lacked this activity before
delivery. Figure 4 shows the dynamics of DNase activity
at later stages of gestation and after delivery. Delivery
caused marked increase in DNA hydrolyzing activity.
Even in the case of complete absence of the catalytic
activity of antibodies (donor 7) during gestation, DNase
activity appeared after delivery. Comparison of DNase
activities of antibodies in milk and plasma of the same
parturient women revealed that milk abzymes are more
active than blood abzymes (Fig. 5). Thus, it is clear that
lactation is the major factor responsible for increase in
abzyme activity; it has more pronounced effect on cat-
alytic activity of milk rather than blood antibodies.

Abzyme production during gestation is very individ-
ual. This is consistent with literature data on individual
characteristics of abzyme production in blood of patients
with various autoimmune diseases. In these patients the
repertoire of DNA- and RNA-hydrolyzing polyclonal
IgG and IgM may be quite narrow or wide and very het-
erogeneous catalytically active antibodies may contain
light chains of both type k and A. They can exhibit cat-
alytic activity at various pH-optima, have different total
charge and affinity to substrates, and demonstrate various
dependence of catalytic activity on the presence of
mono- and bivalent metal ions [10, 11, 47-61].

Since blood of healthy volunteers lacks detectable
quantities of DNA-hydrolyzing antibodies and IgG of
pregnant women are catalytically active, changes in
DNase activity of antibodies during gestation may be
considered as specific characteristics of altered immune
status of (pregnant) women.

Effect of autoimmune reactions during pregnancy on
the level of catalytically active antibodies in blood. Earlier
we studied occurrence of DNA-hydrolyzing abzymes in
120 (male and female) patients with autoimmune thy-
roiditis [59, 60]. These studies revealed that relative level
of catalytic activity of Ig-abzymes in DNA hydrolysis
accompanied increase in blood concentration of thy-
roglobulin and antibodies against it. Antibodies possess-
ing DNase activity were found in 65% of patients with
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Fig. 4. Comparison of DNase activity of antibody preparations
from blood of the same women before (a) and after (b) delivery.
Bluescript plasmid DNA was used as substrate. (Negatives are
shown.) Lane numbers correspond to number of preparations
(4, 5, 6, and 7). K,) DNA incubated in the absence of antibod-
ies; K,) milk antibody (positive control). Forms of plasmid: C)
circular; L) linear; SC) supercoiled.

autoimmune thyroiditis. All patients (100%) with
reduced concentrations of blood thyroxine and tri-
iodothyronine and high level of thyrotropin (hypothy-
roidism) were characterized by high level of catalytically

Fig. 5. Comparison of DNase activity of antibody preparations
from blood of the same woman before and after delivery and
also in milk. Bluescript plasmid DNA was used as substrate.
(Negatives are shown.) K) DNA incubated in the absence of
antibodies; 7) blood IgG during pregnancy; 2) milk IgG; 3)
blood IgG after delivery.
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active antibodies. Relative activity of antibodies may serve
as a criterion reflecting intensity of autoimmune process-
es in these patients.

As demonstrated above, abzymes also appear in
blood of pregnant women without evident manifestations
of autoimmune pathologies such as autoimmune thy-
roiditis. So it was interesting to compare relative levels of
abzyme activity in healthy woman and in pregnant
women with autoimmune thyroiditis.

Using third trimester blood of 14 women with preg-
nancy induced autoimmune thyroiditis, we isolated anti-
bodies on protein A-Sepharose and separated them by
immunoglobulin classes by means of gel filtration. Figure
6 shows gel filtration profile and analysis of DNA-
hydrolyzing activity of antibody fractions using plasmid
DNA as substrate. In 4 of 14 women there was clearly
distinguishable additional peak Il corresponding to
immunoglobulin class A (~29%). In antibodies from
other women this peak was not detected and gel filtration
profile basically corresponded to the profile typical for
healthy pregnant women (Fig. 7). Figures 6 and 7 show
results obtained for individual donors; the results for the
whole group of donors are summarized in the table.
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Fig. 6. Elution profile of high performance gel filtration on
Superdex 200 HR 10/30 column of antibodies from blood of
woman with parturient autoimmune thyroiditis (a) and DNase
activity of fractions (b). Bluescript plasmid DNA was used as sub-
strate. (Negatives are shown.) 1) IgM; 11) IgA; I11) IgG; I-15) frac-
tion numbers; K) DNA incubated in the absence of antibodies.
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Increased synthesis of IgA correlated with pro-
nounced DNase activity of IgA. Comparison of relative
activity of IgG and IgM preparations from blood of
healthy women and those with signs of autoimmune thy-
roiditis (14 donors) revealed that catalytic activity of
antibodies in healthy women was 4.0-4.6 time less than
that found in patients with autoimmune thyroiditis
(table). Thus, development of pregnancy induced
autoimmune thyroiditis accompanied by impaired func-
tioning of the thyroid gland causes an increase in pro-
duction of subfractions of polyclonal antibodies exhibit-
ing catalytic activity.

The data suggest that pregnancy may be accompa-
nied by activation of clones of immunocompetent cells
producing autoantibodies including abzymes. However,
this process is individual for each pregnant woman. In
some cases abzymes (which were absent during pregnan-
cy) appear after the beginning of lactation both in blood
and milk and their activity in milk is significantly higher.
During pregnancy the dynamics of accumulation of anti-
bodies with DNase activity correlated with the dynamics
of increase in blood DNA concentration [26] and cell
apoptosis [46].

Fraction number

Asgo 1 2 3 4567 8 9
0.9 4 | [ T TT 0 T 1 [
0.6 4 I
0.3 1
|
Y T
5 10 15 Volume, ml
b
1234567 8 9K
- - o W «C
- i D Ghan B an ey e <« SC

Fig. 7. Elution profile of high performance gel filtration on
Superdex 200 HR 10/30 column of antibodies from blood of
healthy woman (a) and DNase activity of fractions (b).
Bluescript plasmid DNA was used as substrate. (Negatives are
shown.) I) IgM; 1) IgG; [-9) fraction numbers; K) DNA
incubated in the absence of antibodies.
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Relative DNA-hydrolyzing activity of IgG and IgM from blood of pregnant women in the third trimester

Preparation Donors Relative Mean value Relative Mean value
number IgG activity*, for IgG activity, IgM activity*, for IgM activity,
% % % %

1 Healthy  pregnant 0.26 —

4 women 0.46 —

10 0.025 0.3+£0.2 21.0 15.0 £ 6.0
11 0.44 —

12 0.5 9.0

1 Women with preg- 2.5 100

2 nancy-induced auto- 1.7 93

3 immune thyroiditis 0.84 76

4 1.2 82

5 2.0 92

6 0.55 64

7 1.05 1.2+0.5 50 68.6 = 21.6
8 0.9 91

9 0.12 15

10 0.5 35

11 0.7 44

12 0.6 53

13 0.9 79

14 1.0 87

* Activity is expressed as % of control antibody preparation from human milk (100%).

It should be noted that autoantibodies (including
some abzymes) may also be found in healthy donors [62,
63]. However, their concentration in healthy donors is
significantly lower than in patients with autoimmune dis-
eases and in healthy donors these autoantibodies exist as
tight autoimmune complexes. So reliable testing of these
autoantibodies represent a rather difficult task. The pos-
sibility of the existence of autoantibodies in healthy
donors is very important for interpretation of results on
abzymes obtained for patients with autoimmune diseases
and in pregnant women as well. The development of the-
oretical considerations in abzymology resulted in a
hypothesis on abzyme appearance on the basis of Jerne’s
model of an antiidiotypic network [14]. According to this
model the first antibody AB1 (idiotype) elaborated in
response to an antigen represents the antigen for produc-
tion of secondary antibody AB2 (antiidiotype). The latter
may also serve as the antigen for production of AB3, then
AB4, AB5S, etc. This network of idiotypes—antiidiotypes
was shown to be actually realized in healthy humans and
it maintains equilibrium of various antibodies [14]. Since
abzymes may have antiidiotypic nature, it is possible that
production of high quantities of abzymes in healthy per-
sons is suppressed due to equilibrium in the
idiotype—antiidiotype network, whereas in patients with
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autoimmune diseases impairments of the network equi-
librium occur. This results in accumulation of free
abzymes (which are not bound to idiotype—antiidiotype
complexes) and increase in their concentrations.
According to our data [10, 11], the initial period of
autoimmune diseases is characterized by a set of blood
abzymes with narrow substrate specificity. The spectrum
of catalytic activity of these abzymes significantly
enlarges during the development and attacks of these dis-
eases. In other words, the development of such disease is
characterized by constant induction of additional clones
of cells producing abzymes with new spectra of substrate
specificity. The main problem is which factors are respon-
sible for impairment of the equilibrium in idiotype—anti-
idiotype network in patients with autoimmune diseases
and in pregnant women and whether these factors differ
in pregnancy and autoimmune diseases.

Many authors believe that the major reason for the
development of autoimmune diseases consists in altered
functional activity and differentiation of stem cells [64,
65]. According to our data, autoimmune MRLIpr/1pr
mice are characterized by spontanecous increase in activi-
ty and directed differentiation of stem cells towards
immunocompetent cells (to be published separately).
Such increase in the activity and irreversible change in
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stem cell differentiation in MRLI1pr/1pr mice towards
production of clones of cells producing abzymes with
DNase activity may be easily induced by immunization of
mice with DNA and its complexes with proteins. These
data suggest that appearance of autoimmune diseases may
also be attributed to altered activity and differentiation
direction of the stem cell which is a common precursor
for a part of hemopoietic and immunocompetent cells.
Increase of blood concentrations of DNA, proteins, lipid,
and other autoantigens occurs due to impaired function-
ing of some organs and/or damage of their cells and also
due to cell apoptosis. Increase of thyroglobulin concen-
trations during thyroid gland diseases may result in spe-
cific changes of cell differentiation accompanied by
increase of anti-thyroglobulin antibodies and also anti-
bodies to some components of cells (DNA) damaged dur-
ing autoimmune diseases. Since these chronic diseases
are characterized by periods of attacks and remissions, it
is possible that the impaired immune system functioning
may be to some degree irreversible. In this connection, it
is relevant to mentioned our studies on the effect of vari-
ous drugs on autoimmune processes in patients with
autoimmune thyroiditis [59, 60]. Treatment of patients
with thyroxin widely used for therapy of thyroid gland
diseases causes only temporary normalization of blood
thyroxine concentration and general condition of
patients. However, such treatment did not influence
blood levels of DNA-hydrolyzing antibodies and autoim-
mune processes as well. Treatment of patients with
immunosuppressant plaquenil caused significant reduc-
tion of blood level of catalytically active antibodies and
decrease in blood concentrations of thyroglobulin and
antibodies to this protein. Such treatment (without thy-
roid hormone therapy) also caused increase (up to nor-
mal level) of blood concentration of thyroid hormones,
and decrease in thyrotropin  concentration.
Normalization of these biochemical parameters was
accompanied by improvement of general conditions of
patients. These results suggest that general suppression of
the immune system in patients with autoimmune thy-
roiditis by using immunosuppressants reduces function-
ing of cell clones producing various abzymes.

So, it is interesting to consider which factors may
promote induction of cells producing abzymes in preg-
nant women. Increase in DNA concentration and
appearance of “foreign” embryonal in maternal blood
may represent such factor(s). Pregnant women are also
characterized by altered ratio between T- and B-lympho-
cytes and also between T-activators and T-suppressors.
Decrease in T-lymphocytes and increase in B-lympho-
cytes in the first trimester may stimulate production of
antibodies against the father’s antigens (and possibly
abzymes) which may function as facilitating antibodies
[24]. The level of fetal cells in a woman’s blood should
strongly depend on the permeability of the placental bar-
rier. Subsequent reduction of abzyme level in the second
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trimester correlates (to some extent) with reduced syn-
thesis of antibodies against the father’s antigens and
change in ratio between T- and B-lymphocytes. In some
cases increased antibody activity may be associated with
selective interaction of T-suppressors with B-lympho-
cytes producing abzymes.

Evidently, pregnancy and the parturient period are
accompanied by rearrangement of the immune system,
which obviously occurs in at least two stages.
Compatibility between the mother’s body and (partial-
ly) “foreign” fetus organism requires rearrangement of
the immune system towards its tolerance to the fetal
organism and also preparation of the immune system
for subsequent rearrangement which occurs simultane-
ously with onset of lactation. Triggering of specific
immune memory of pregnant women, which accumu-
lates “data” on all types of internal and external
immunogens, is an important factor in the second stage
of rearrangement of the immune system. (This immune
memory stems from contacts with food antigens and or
viruses and bacteria.) This triggers synthesis of antibod-
ies against all antigens that appeared during the last
months of pregnancy and were kept by the immune
memory of the mother’s body up to delivery. Increase in
abzyme titer in blood and milk of women after delivery
may represent only a part of a general process of anti-
body production triggered by the immune memory.
Sometimes cardinal rearrangements of the second stage
may cause parturient autoimmune shock which may
even be fatal. However, appropriate treatment of such
parturient women can neutralize such a “flash” of
autoimmune reactions and after termination of lacta-
tion period it is even possible to annihilate signs of par-
turient autoimmune diseases. Nevertheless, in some
cases it is impossible to suppress such a flash of autoim-
mune reactions and these parturient autoimmune dis-
orders are gradually transformed into typical progress-
ing autoimmune disease.

So, it is possible that autoimmune reactions in
women during pregnancy and lactation and in patients
with autoimmune diseases may share some common
mechanisms. However, it is clear that mechanisms under-
lying triggering and arrest of these autoimmune processes
differ. In parturient women it is possible to switch the
immune system from “temporary autoimmune abnor-
mality” to normal functioning without external treat-
ments, whereas patients with autoimmune diseases lack
such possibility. In women with weak immune systems,
parturient rearrangement may cause irreversible switch of
the immune system into the “mode” of autoimmune
processes leading to chronic autoimmune diseases.

We have demonstrated that the development of
autoimmune thyroiditis in pregnant women results in
increase in relative DNA-hydrolyzing activity of
abzymes. However, all patients lacked any signs of
autoimmune shock and subsequent observation did not
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reveal any evident symptoms of autoimmune processes.
Thus, the reasonable question arises which level of cat-
alytic activity may characterize abzymes from women
with autoimmune parturient shock and how subsequent
transition of immune system from normal to autoimmune
“mode” of functioning occurs. We believe that more
detailed comparison of autoimmune processes in patients
with autoimmune diseases and in pregnant women will
reveal natural factors responsible for the switch of the
immune system of parturient women from normal to
autoimmune mode and vice versa.

Thus, we conclude that latent and evident immu-
nization “prepares” the immune system for production of
various antibodies including abzymes. After delivery,
these abzymes with mother’s milk appear in a newborn
baby. These milk catalytic antibodies [10, 11] may play a
positive role in protection of the newborn baby against
various environmental factors. It is also possible that
abzymes represent a reserved form of catalytic resources
which are realized under such specific conditions as preg-
nancy, autoimmune diseases, and possibly some other
(vet unknown) cases. It is relevant to suggest that the
potential of the immune system in generation of antibod-
ies with various catalytic properties is not limited by the
spectrum of catalytic activities found in abzymes.
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