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The leading role in defense against the majority of infectious agents and the formation
of physiological interaction between the body and micro-organisms colonizing it in the neo-
natal period is played by protective mechanisms of the mucous membranes, one of the most im-
portant of which is what are known as immune factors. Attempts which have so far been under-
taken to analyze local immunity in the newborn have not given a complete picture of the char-
acteristics of cellular factors of immunity of the mucous membranes in the neonatal period,
mainly due to the difficulties involved in obtaining material for investigation. Consider=-
ing that the immune system of the mucous membranes includes lymphoid tissue associated with
the intestine, lymphoid tissue associated with the bronchi, immunocompetent cells, and or-
ganized lymphoid follicles in the conjunctiva, salivary glands, upper respiratory passages,
genitourinary tract, and mammary glands [7], we chose the mammary gland as a model withwhich
to analyze the development of local immunity in the neonatal period.

The aim of this investigation was to study the character of development of leocal immu-
nity in the neonatal period by studying the distribution of regulatory lymphocyte subsets, Ia-
positive cells, free secretory component (Sc), and secretory IgA (SIgA) in maternal milk and
in the secretion of the neonatal mammary gland (neonatal milk), formed during a sex crisisin
an infant, assuming that milk formation in the neonatal mammary gland is induced by the same
hormonal factors as in the maternal mammary gland [1].

EXPERIMENTAL METHOD

Observations were made on seven healthy full-~term neonates aged 5-12 days with distinct
manifestations of a sex crisis and on their seven mothers., The surface markers of immunocom=-
petent cells in the blood and milk were analyzed by means of monoclonal antibiotic (from NEN,
West Germany) against human Ia-antigen, monocytes, and cytotoxic (suppressors) and helper (in-
ducers) T lymphocytes., The milk samples were diluted twice with medium 199 and centrifuged
at 400 g for 15 min to remove fat; they were then washed twice with culture medium at 200 g

TABLE 1. Subpopulations of Immunocompetent Cells (in %) in Maternal anc Neonatal Blood
and Milk (M + m)

Subpopulations of immuno- Maternal Neonatal
competent cells blood (1) | milk (2 blood (37 | milk (4) | p
T lymphocytes
Helpers {inducers) 33,844,1 30,8429 31,84+2,5 30,3+£4,7
Cytotoxic (suppressors) 20,6-£2.8 23,642,7 19,84-2,5 239320
la-positive cells 17,041,5 30,6:£2,5 11,6-0,8 39,04-2.6 P1-2<<0,001
p1_3<0,0{
p2_4<0,05
P3_5<<0,0001
Monocvtes 6,108 33,8-4-1,6 8,5-+1,3 35,2458 P1—2<0,0001
P3-1<<0,001
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Fig. 1. Determination of SC and SIgA separately in neonatal
and maternal milk by two-directional rocket immunoelectro-
phoresis., Conditions of electrophoresis: gel contains 17
agar (Difco, USA) and 0.67% agarose (chemapol, Czechoslovakia)
in the ratio of 1:1, 1.5% antiserum to SIgA, Veronal-Medinal
buffer, pH 8.6, ionic strength 0,025, with 0.001M EGTA.
Wells contained 4 pl of standard preparation for the test
sample. Electrophoresis for 15 h with gradient of 6 V/em.
1, 3, 5, 7) Neonatal milk (dilution 1:8); 2, 4, 6) maternal
milk (dilution 1:8); 8, 9, 10, 11) four twofold dilutions of
standard preparations of Sc (above) and SIgA (below).

for 10 min, and mononuclear cells were isolated from maternal milk and maternal and fetal

blood is a Ficoll-Verografin density gradient (d = 1.077). The isolated cells, numbering &4 X
10%-5 x 10% in 0.2 ml of mecdium 199 with 5% fetal calf serum (IEM, Minsk) were incubated for
30 min with monoclonal antibodies, taken in optimal doses. Considering the small volume of
the sample of neonatal milk and the relatively higher level of lymphocytes in it, the mono-
nuclear cells of neonatal milk were labeled without preliminary isolation. After beingwashed
twice, the cells were resuspended in 0.1 ml medium and incubated with 0.1 ml of diluted (1:
50) fluorescein-conjugated F(ab'), immunoglobulin fragment of sheep serum against mouse im-
munoglobulins (from NEN), The cells were washed twice and resuspended in medium 199 with 30%
viscerol. All operations were carried out at 4°C., The cells were spread out on a slide and
studied under the LYUMAM I-1 microscope. Altogether 100-~200 cells were counted. Only mono-
nuclears were counted in neonatal milk. Luminescence in the control did not exceed 3-5%,

Sc and STIgA in milk were determined separately by the two-dimensional rocket immunoelec-
trophoresis method [5]. A Soviet-produced monospecific serum against human SIgA (I. I. Mech-
nikov Central Research Institute of Vaccines and Sera), the globulin fraction of which was
obtained by salting out twice with ammonium sulfate, was used as the antiserum. The antise-
rum was carbamylated with NaCNO [3]. The samples were diluted eightfold before being intro-
duced into the wells. Because of the marked excess of Sc over SIgA in neonatal milk and the
impossibility of choosing optimal concentrations of antiserum to determine them simultane-
ously, the SIgA level in neonatal milk was estimated by radial immunodiffusion, using an anti-
a-serum (IEM, Gorkii), and a commercial standard SIgA. Saliva from a 10-year-old child with
selective IgA deficiency was used as the Sc standard. Samples of milk taken for analysis of
Sc and SIgA were defatted by centrifugation for 30 min at 15,000g and 4°C, quickly frozen,
and kept at —20°C., The results were subjected to statistical analysis by Student's t test
and determination of the coefficient of correlation.

EXPERIMENTAL RESULTS

The total number of cells in the maternal and neonatal milk was (1.2 %= 0.2) x 10° and
(0.99 = 0.3) x 10%/ml respectively. Comparison of the distribution of regulatory lymphocyte
subsets in the mammary gland secretions and blood revealed a tendency for the number of cyto-
toxic (suppressor) lymphocytes to rise and the number of helper (inducer) lymphocytes to fall
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Fig. 2. Content of free Sc (in conventional units/liter)
and SIgA (in g/liter) in maternal (1) and neonatal (2)
milk, a) Sc, b) SIgA.

in both maternal and neonatal milk, but these differences were not statistically significant
(Table 1). In maternal and neonatal milk the number of cells carrying monocytic antigen was
considerably greater than in blood. Mathematical analysis showed no correlation between the
percentage distribution of cell subsets in the blood and mammary gland secretions of neonates
and mothers, confirming the view that local immunity is to some degree autonomous in the neo=-
natal period already. The principles of distribution of the Ia-positive cells that were found
are particularly interesting. Whereas in neonatal blood there were significantly fewer of
these cells than in maternal blood, the opposite tendency was observed with respect to secre-
tions (Table 1). The level of Ia-positive cells, as we know, is an indicator of functional
activity of the immune system [2]. The neonatal period is evidently characterized by activa-
tion of local immunity when functional activity of systemic immunity is depressed. A close cor-
relation was found between the SIgA level and the relative percentage of Ia-positive cells in
maternal milk (r = 0,915, p < 0.01), This correlation can be explained by the participation
of Ia-antigens in the activation of helper T cells, regulating antibody formation. Asignificant
negative correlation was found between the free Sc level and the percentage of cytotoxic (sup=-
pressor) lymphocytes in maternal milk (r = —0.908, p < 0.01). The presence of this correla-
tion was probably due to the need to create optimal conditions for SIgA synthesis. For in-
stance, SIgA production is promoted by a high Sc level, for the latter plays the most impor-
tant role in IgA transport [14] and is evidently a factor in the selective localization of
precursors of IgA~synthesizing cells [6]. Meanwhile it is logical to suggest that a low sup-
pressor T cell level would predispose to SIgA synthesis., Any direct effect of Sc on suppres-
sor cells, or vice versa, is unlikely. Tt is more probable that the same factors, most probably hor-
monal, cause an increase in Sc production and a fall in the suppressor level, as a result of
which favorable conditions are created for SIgA synthesis. No correlation could be found be-
tween cellular and secretory factors in neonatal milk, such as are characteristic of maternal
milk, This fact is evidently explained by the relative immaturity of local immunity in the
neonatal period, which is also reflected in a low SIgA level, accompanied by a high Sc level
in neonatal milk (Figs. 1 and 2).

Activation primarily of the immune system of the mucous membranes thus takes place in the
neonatal period, whereas functional activity of systemic immunity is depressed compared with
that in adults, Meanwhile, in the newborn local immunity is relatively immature, as shown by
the low SIgA level and absence of the correlations between Sc and cytotoxic (suppressor) lym—
phocytes, SIgA, and Ia-positive cells, characteristic of maternal milk. The distinctive fea-
tures of the immune system of the mucous membrane in the neonatal period and its definite au-
tonomy make it essential to use parameters characterizing local immunity when the immune status
of neonates is assessed,
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Mice, rats, and guinea pigs are widely used in laboratory practice to study the princi-
ples governing the formation of the immune response and, in particular, to evaluate vaccine
preparations. In infections of the mucous membranes a definite role for local immunity has
been demonstrated, and its study requires determination of serum and secretory IgA and of
antibodies bound with them, This raises the problem of obtaining monospecific antisera to
the IgA of these laboratory animals.

The traditional method of obtaining antisera, based on isolation and purification of a
protein antigen, is unsuitable for the present task because of the small volume of material,
especially when the serum IgA level is low (guinea pigs), and the absence of an affinity ad-
sorbent which is sufficiently specific for IgA. Isolation of IgA from secretioms in which it
is the dominant component is difficult because of the difficulty of obtaining secretions in
sufficient amounts for fractionation., Various methods not requiring purification of the an-
tigen, and based on the use of immune precipitates [l, 4, 6, 7, 11] or of other inscluble im~
mune complexes [3, 9, 10], which include the required antigen, have been suggested., These
methods, however, can yield monospecific antisera only in the early stages of immunization
[4], for during long-term immunization with the same precipitate, obtained with a polyspe-
cific antiserum, antibodies to impurities appear.

The method of cascade immunization suggested in this paper does not require isolation
and purification of the antigen, but envisages the use of immune preparation including IgA.
The specificity of the antisera is achieved by successive 2-3-stage (cascade) immunization
with exchange of the antiserum=-producing animals and source of IgA by means of which the pre-
cipitate for immunization is obtained,

To obtain the first-order antiserum to mouse IgA, a serum fraction obtained on DEAE-cel-
lulose by elution with 0.01 M phosphate buffer, pH 8.0, was used. This fraction, according
to the results of immunochemical testing, contained only IgG, but the serum obtained by immu-
nization with this fraction gave a line not only of IgG, but also of IgA (Fig. la). To pre-
pare immune precipitates, a mouse coprofiltrate was used: this was obtained by washing seg-
ments of the small intestine with a solution containing protease inhibitors [5], followed by
tenfold concentration, by precipitation with ammonium sulfate at 50% saturation.

To obtain antiserum to rat IgA two secretions were used: bile, obtained through a can~-
nula inserted into the bile duct of the anesthetized animal, and saliva, stimulated by sub-
cutaneous injection of 1 mg pilocarpine.

To obtain antiserum to guinea pig IgA we used tear fluid, secretion of which was stimu-
lated by application of a piece of red pepper to the conjunctiva of the eye, and colostrum,
clarified by centrifugation at 10,000 rpm.

To remove antibodies to IgG present as impurities in antisera to IgA, adsorbents pre-
pared from the IgG fractions of mouse, rat, and guinea pig sera were used. The fractions
were obtained on DEAE~cellulose, as described above for mouse serum.
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