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Antibodies appearing in the blood serum of mice in the early period after immunization with Vi-anti-
gen of Salmonella typhi, and described as secondary cytophilic antibodies because of their property of
producing fixation of erythrocytes loaded with Vi-antigen on macrophages, belong to the class of yM-
globuline.

Investigation of immune sera obtained from mice on the 3rd-4th day after injection of Vi-antigen of
Salmonella typhi {1, 2] showed that the "early" antibodies contained in them are incapable of opsonizing
homologous erythrocytes loaded with Vi-antigen, but in vitro they cause adhesion of erythrocytes to the
surface of macrophages with the formation of the characteristic rosettes. Such erythrocytes fixed on macro-
phages are not ingested for a long time. Vi-antibodies causing fixation of antigen on macrophages differ
from the classical eytophilic antibodies [6, 9] in that their affinity for the surface of the macrophages is
exhibited only after interaction with antigen. They may therefore be described as "secondary cytophilic
antibodies."

The object of the present investigation was to determine the class of immune gobulins to which these
antibodies belong.

EXPERIMENTAL METHOD

Peritoneal macrophages of normal mice, mouse erythrocytes loaded with Vi-antigen, and mouse Vi-
antisera were obtained in accordance with the published data [1, 2]. The following methods were used to
identify the Vi-antibodies producing immune fixation or phagocytosis of the antigen invitro:1) treatment of
the sera with reducing substances: cysteine [3] and 2-mercaptoethanol (2-ME, Schuchardt, 0.1 M solution,
incubation for 2 h at 37°%); 2) chromatographic separation of serum proteins on columns with DEAE-cellulose
[4]. The results of immunoelectrophoresis showed that the method of fractionation adopted yielded the fol-
lowing fractions of immune globulins: fraction I — slow yG-globulins, fraction Il — fast vG- and v A-glob-
ulins, fraction III — yM-globuling with small traces of the fastest moving yG-globulins. The essential
feature is that immune globulins of the Y M type were eluted only from fraction III.

Experimental procedure. A suspension of mouse Vi-erythrocytes (10 million) in 1 ml of the test di-
lution of serum (fraction) was incubated for 1 h at 37° and added to peritoneal cells transplanted 1 h pre-
viously into flasks with cover slips (1 million cells per flask). The flasks were then incubated at 37° for
a further hour and specimens stained by Romanovsky's method were examined under the microscope [1, 2].
The intensity of opsonization was determined from the number of macrophages containing at least one eryth-
rocyte in their cytoplasm. The activity of the secondary cytophilic Vi-antibodies causing the formation of
erythrocyte rosetfes around the macrophages was estimated from the number of cells to which at least 3
erythrocytes were adherent. The results were expressed semiquantitatively in accordance with the follow-
ing scale: ++++ over 20% of active macrophages; +++10-20% of active macrophages; ++5-10%; + 1-5%, and
0 less than 1% of active cells.

The results of determination of Vi-antibodies in the passive hemagglutination reaction were expressed
on a scale of conventional units: 1) 1/10, 2) 1/20, 3) 1/40, 4) 1/80, and so on.
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TABLE 1. Effect of Treatment with Cysteine and 2- EXPERIMENTAL RESULTS
ME on Activity of Secondary Cytophiliec Vi-Antibodies

Treatment of the sera with reducing sub-

Without |After treatment| After treatment stances (cysteine, 2-ME) caused complete acti-
treatment |with cysteine with 2-ME vation of the secondary cytophilic Vi-antibodies
3 | ; ) (Table 1), indicating that these antibodies belong
Z .a 2 a iy § 2 to the class of yM-globulins. However, this con-
g nm: o E g ) g ?é 3 g clusicn cannot be final, because treatment in this
S E A &9 P 29 manner is known to cause injury also to type yG-
175] =k st = = o o . .
: S 2 = g § : g 2 antibodies, notably a decrease in their comple-
2|8 =3 3 8= 8 8= ment-fixing activity [14].
padl 4 = ot
Bla = = A = £ 3 = A more definite conclusion regarding the
M-15 71 ++H++ - - 0 0 nature of the secondary cytophilic Vi-antibodies
M-19 9| ++ - - 0 0 can be drawn on the basis of chromatographic in-
M-22 |12} +++ - - 0 0 vestigation (Table 2). During fractionation of the
M-104 | 9]+t - - 0 0 "early" Vi-antisera all the antibodies are found
M-76 8| ++++ 0 0 - - in the macroglobulin fraction III. They are sensi-
M-81 |11 [++++ 0 0 - - tive to the action of cysteine and exhibit marked
M-82- |12 |++++ 0 0 - = secondary cytophilic activity in a culture of macro-

phages. Even more demonstrative results were
obtained by the investigation of "late" Vi-antisera (M-4, M-30, M-23, M-21). After chromatographic frac-
tionation, Vi-antibodies were found in all three fractions, although only fraction III, containing the macro-
globulins, possessed secondary cytophilic activity in a culture of macrophages. Fraction I (slow yG-glob-
ulins) exhibited marked opsonizing properties in vitro, while fraction II, when tested in a culture of macro-
phages, as a rule was completely inactive, despite its high content of hemagglutinating Vi-antibodies.
These experiments showed that antibodies belonging to different classes of immune globulins differ con-
siderably also in their effe¢t on the reaction between antigen and macrophages. The opsonizing activity
demonstrates a link with antibodies of the y‘G type, while secondary cytophilic Vi-antibodies are linked
with the macroglobulin fraction.

TABLE 2. Investigation of Activity of Chromatographic Fractions

Test material | Index Serum No,
M-22 M-4 M-30 M-23 |} M-21
Original Titer of PHR 9/0%* 12/6 11/11 11/10 | 12/8
serum Secondary cytophilic' +++ 4+ ++H+ + ++++
activity
Opsonizing activity 0 ++ ++ + ++
Fraction I Titer of PHR 0 0 6/5 - 2/2
Secondary cytophilic 0 0 + 0 0
activity
Opsonizing activity 0 + +++ ++ ++
Fraction II Titer of PHR 0 3/3 10/7 7/7 9/5
Secondary cytophillic 0 0 + 0 +
activity
Opsonizing activity - 0 ++ 0 0 0
Fraction III Titer of PHR 10/ 0 10/0 11/2 7/0 11/0
Secondary cytophilic ++++ +++ b 4+ +H++
activity
Opsonizing activity 0 0 0 + 0

* Titer of antibodies without cysteine treatment/titer after treatment with
cysteine.
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Discussion of the results will be limited to their comparison with the known data concerning the
nature of opsonizing antibodies. These data are contradictory. Investigations based on determination of
the blood clearance (in vitro) lead fo the conclusion that antibodies of type yM possess the strongest opson-
izing activity [8, 12]. However, in vitro investigations lead to the opposite conclusion—higher opsonizing
activity of type vG antibodies {11, 13], in agreement with the results of the present investigation. This
contradiction can be removed if it is accepted that immune fixation of antigen on macrophages can take
place not only in vitro, but also in vivo [10]. This phenomenon, linked with yM-antibodies, is probably cap-
able of yielding very high blood clearance indices, although it is based not on ingestion, but merely on fix-
ation of the antigen by the reticulo-endothelial cells. High activity of the macroglobulin antibodies in the
experiments with determination of the blood clearance thus received an alternative explanation, removing
the contradiction with the result of direct tests of opsonizing activity in vitro.

The concept has recently been developed that induction of antibody formation is a two-stage process:
in the first stage macrophages interact with antigen, liberating a highly immunogenic material the nature
of which is at present the subject of discussion {5,7]. This material is the inducer.of antibody formation
in the lymphoid cells in the second stage of the process. Data indicating that the reaction between macro-
phages and antigen does not always take place in the same manner, but that it may occur not only as phago-
cytosis but also as fixation of the antigen on the surface of the cells, also raise another question: what is
the importance of each of these types of interaction for the fate of the antigen and induction of antibody
formation.
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