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The mechanisms of the antiproliferative effect of o -acid glycoprotein (AGP) isolated from
the blood of healthy donors (nAGP) and from the ascitic fluid of patients with stomach
cancer (aAGP) are studied. Three fractions of AGP are divided into 3 groups according
to their ability to bind to concanavalin A (ConA): AGP not binding to ConA (AGP-1)
and AGP weakly (AGP-2) and strongly (AGP-3) binding to ConA. It is shown that
native preparation of aAGP has a more potent inhibitory effect on lymphocyte prolifera-
tion than native preparation of nAGP. The most potent inhibitory effect is exerted by
AGP-3. Native preparation of aAGP does not affect the secretion of interleukin-2 (1L-2)
by lymphocytes, whereas AGP-1 inhibits this process. The weakly bound fraction has a
stimulatory effect both on the proliferative response and on IL-2 secretion.
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a-Acid glycoprotein (orosomucoid) is an acute phase
protein that may play an important role in the
adaptation of the immune system to stress. Experi-
mental data suggest that AGP is a naturally occur-
ring immunomodulating agent which is present in
blood serum in both health and pathology (neo-
plasms, rheumatoid arthritis, burn disease), and its
blood level in the latter case may be 2- to 5-fold
higher than normal [8,9,12]. There is evidence indi-
cating that in some pathological processes an incre-
ase in the blood content of AGP is paralleled by stru-
ctural changes in the hydrocarbon chains of this gly-
coprotein, which may affect its biological activity [§8].
It has also been demonstrated that AGP with diffe-
rent degrees of glycosylation vary in the ability to inhi-
bit the proliferation of cultured lymphocytes [6,11].
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In this study we attempted to investigate some
mechanisms of the antiproliferative activity of vari-
ous AGP forms that differ in degree of glycosyla-
tion. For this purpose we assessed in a wide dose
range the ability of AGP preparations to inhibit
the proliferation of lymphocytes and examined the
effect of these preparations on the secretion of
interleukin-2 (IL-2) by these cells.

MATERIALS AND METHODS

AGP was purified from the blood of healthy do-
nors and from the ascitic fluid of patients with
stomach cancer, as described elsewhere {1,5]. Frac-
tionation by the glycosylation level was performed
on a ConA-Sepharose column as described previ-
ously [4]. Three AGP fractions were obtained: not
binding (AGP-1), weakly binding (AGP-2), and
strongly binding (AGP-3) to ConA. The immuno-
modulating effects of these preparations were stud-
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Fig. 1. Effects of nAGP (a) and aAGP (b) on the proliferati-
ve response of PHA —stimulated peripheral blood lymphocytes.
1) native AGP preparation; 2) AGP—1; 3) AGP—~2; 4 AGP—3.

ied in a culture of lymphocytes isolated from the
peripheral blood of healthy donors by centrifuga-
tion on a Ficoll-Verografin gradient. Inhibition of
lymphocyte proliferation in response to phytohe-
magglutinin (PHA) was studied as described previ-
ously [2,3]. Briefly, the cells were incubated in
flat-bottomed 96-well plates with six different con-
centrations of AGP in the presence of the opti-
mal concentration of PHA (5 pg/ml). Incubation
was carried out in RPMI-1640 medium supple-
mented with additives and 10% horse serum in a
humid atmosphere containing 5% CO,. The inten-
sity of proliferation was evaluated by [*H}thymidine
incorporation. The IL-2 secretion was assessed as
described [11]. The cells were incubated in the
presence of ConA (20 pg/ml) in 24-well plates in
1.5 ml culture medium with various concentrations
of AGP or without the agent. After 4 h of incu-
bation the cells were washed, resuspended in fresh
medium, and incubated for another 20 h. The
culture medium was then aspirated, and the activ-
ity of IL-2 was evaluated by its ability to promote
growth of the IL-2-dependent cytotoxic cell line
CTLL-2. Titration curves were compared using
probit analysis.

RESULTS

The characteristics of native AGP preparations and
fractions are given in Table 1. It can be seen from
the table that individual fractions differ both in the
carbohydrate content and in the degree of carbo-
hydrate chain branching. For example, the percent-
age of biantennary chains in a native AGP prepa-
ration isolated from the ascitic fluid is higher than
that in AGP isolated from donor blood. The
prevalence of such fractions is noticeable in the
fraction strongly binding to the sorbent.

The ability of AGP preparations to inhibit the
proliferative response of cultured lymphocytes var-
ied, AGP isolated from the blood having a less

Fig. 2. Effects of aAGP preparations on IL —2 production
by lymphocytes isolated from peripheral blood obtained from
two donors (g, b). 1) native aAGP; 2} aAGP—1; 3) aAGP-2.

pronounced inhibitory effect compared with AGP
isolated from the ascitic fluid (Fig. 1). The activ-
ity of individual fractions differed considerably
from the activity of native preparation. For ex-
ample, all fractions of nAGP with a moderate
antiproliferative activity (ED,,=1147 pg/ml) had a
pronounced inhibitory effect on lymphocyte prolif-
eration. In this case nAGP-3, which strongly
binds to ConA due to the presence of three
biantennary chains, exhibited the highest activity
(ED,,=115.1 pg/ml). The nAGP-1 fraction (not
binding to ConA) displayed a lower activity
(ED,,=333.7 pg/ml). The nAGP-2 fraction (mod-
erate binding to ConA) had the lowest antiprolif-
erative activity (ED,= 412.1 pg/ml, Fig. 1, a);
this AGP fraction contains only two biantennary
chains. The results were somewhat different with
AGP isolated from the ascitic fluid: nAGP exhib-
ited a high antiproliferating activity (ED,=256.1 pg/
ml). The AGP-1 fraction also inhibited lymphocyte
proliferation, although less effectively (ED,=2539.1
pg/ml), whereas the AGP-2 fraction had a stimu-
latory effect (Fig. 1, b).

The AGP preparations affected not only lym-
phocyte proliferation but also IL-2 secretion, which
plays a key role in the immune response. We
studied the effect of native aAGP and of two frac-
tions, aAGP-1 and aAGP-2, on the in vitro se-
cretion of IL-2 by lymphocytes isolated from the
peripheral blood of two donors. While in both
cases native aAGP had no appreciable effect on the
production of this lymphokine, aAGP-1 had a
pronounced inhibitory effect (Fig. 2). In contrast,
aAGP-2 (tested on lymphocytes of only one do-
nor) exhibited stimulatory activity (Fig. 2, 5). The
fraction strongly binding to ConA-Sepharose was
not studied in these series of experiments.

Thus, orosomucoid preparations isolated from
the peripheral blood of healthy donors and from
the ascitic fluid of patients with stomach cancer
inhibit proliferation of PHA-stimulated lympho-
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TABLE 1. Characterization of Different Forms of AGP
Content
Preparation M, kD) | carbohydrates,| NeuSAc, antennary chains, %

% mol/mol 4 3- 2-
. nAGP 43.5 39.5 15.0 48 39 12
nAGP=1 | 435 o400 ) 1e0 ol 4y L A Lo
nAGP—2 412 37.0 130 32 30 ’
aAGP 38
aAGP-2 31

cytes, the inhibitory activity of the preparation iso-
lated from the ascitic fluid being considerably
higher. All nAGP fractions had a pronounced
antiproliferating activity, the highest activity being
displayed by the fraction strongly binding to the
sorbent. These results agree with the published data
[10]. Although aAGP had a higher inhibitory ac-
tivity compared with nAGP, one of its fractions
(aAGP-2) stimulated lymphocyte proliferation.
Evidence confirming the ambivalent action of
orosomucoids has been obtained in other experi-
mental systems [7,10,12]. Our data on the effect
of AGP on IL-2 production contribute to the
concepts regarding the mechanisms of the immu-
nomodulating effect of this orosomucoid. Despite
the fact that native aAGP had a pronounced in-
hibitory effect on lymphocyte proliferation, we did
not find it to have any appreciable effect on the
production of IL-2, whereas the aAGP-1 fraction
strongly inhibited this (Fig. 2). On the other
hand, while this fraction inhibited the proliferation
of lymphocytes; it did so to a lesser degree than
the native AGP preparation.

Thus, several mechanisms seem to be respon-
sible for the immunomodulating effect of AGP.
The inhibition of IL-2 secretion is one of these
mechanisms. At the same time, it was demon-
strated that aAGP-2 stimulates both lymphocyte
proliferation and IL-2 production. It can be as-
sumed that the direction of the immunomodulat-
ing effects is determined by the structural pecu-

liarities of the oligosaccharide chains in the AGP
molecule.
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