
Apoptosis, or programmed cell death, is the mecha�

nism used by the organism for elimination of foreign

cells, genetically imperfect cells, and immune cells which

have completed their functions [1]. Apoptotic bodies are

rapidly eliminated from the organism by phagocytes:

macrophages, neutrophils, dendritic cells, and natural

killer cells [2, 3]. Elimination of apoptotic bodies is an

important stage in the organism’s life activity. Disorders

in this process result in intoxication and finally in the

death of the organism.

Tumor cells in early stages of transformation also die

through apoptosis. The surviving tumor cells realize some

changes increasing their antioxidant activity, and this

makes them resistant to macrophages and natural killers

[2, 3]. Impaired recognition by phagocytes of tumor cells

increases the tumorigenicity and metastasizing activity of

the transformed cells.

Studies on the mechanism of phagocytosis, in partic�

ular, of receptors responsible for the primary recognition

seems to be a key for approaches to directed stimulation

of phagocytosis during early stages of oncogenesis.

Lectins, along with the vitronectin receptor, CD36,

phosphatidylserine receptor, and scavenger receptor, are

involved in phagocytosis via binding to complementary

carbohydrates of target cells (lectin�mediated phagocyto�

sis) [3]. During inflammation, neutrophils are phagocy�

tized by fibroblasts by means of a fucose/mannose�specif�

ic lectin [4]. Macrophages and immature dendritic cells
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Abstract—Elimination of apoptotic bodies is one of the important functions of macrophages. The aim of this work was to

study the role of macrophage lectins in this process. Macrophage lectins were probed with neoglycoconjugates Glyc�PAA�

fluo where carbohydrate is linked to fluorescein�labeled polyacrylamide (MW 30 kD). It was shown that neoglycoconjugates

containing a Neu5Acα2�3Gal fragment bound to macrophages isolated from blood of healthy donors. Besides, carbohydrate

chains containing the same fragment were revealed on apoptotic bodies. Phagocytosis of apoptotic bodies by macrophages

was inhibited with sialooligosaccharide ligands of siglec�5 and MAbs to siglec�5. Thus, siglec�5 expressed on macrophages

could participate in phagocytosis of apoptotic bodies. In addition, the role of siglecs in engulfment of apoptotic bodies by

tumor�associated macrophages was studied. The phagocytic potency of macrophages isolated from blood of breast cancer

patients was lower than engulfment ability of macrophages obtained from healthy donors and depended on tumor degree.

Staining of macrophages obtained from blood of tumor patients with sialylated Glyc�PAA�fluo probes was more intense than

that of macrophages from healthy donors; phagocytosis of apoptotic bodies by tumor�associated  macrophages was inhibited

by carbohydrates that are known to be ligands for siglecs.
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can engulf tumor cells in early stages of breast, lungs,

intestine, ovaries, and pancreas cancers with involvement

of a galactose�binding lectin, which interacts with the

mucin O�chain carbohydrates carrying Galβ1�

3GalNAc/Thr/Ser epitope [5]. The same lectin interacts

with biantennal galactose�containing chains of desialylat�

ed low density lipoprotein and, thus, is involved in the

engulfment and accumulation of the lipoprotein by blood

macrophages of patients with coronary heart failure and

atherosclerosis [6]. Galectin�3 is reported to be involved

in the lectin�mediated phagocytosis. Indeed, elimination

of myelin in diseases of the peripheral nervous system is

associated with the recognition by galectin (MAC�2) of

carbohydrate chains of myelin [7]. Moreover, in galectin�

3 knockout  mice phagocytosis of apoptotic bodies by

macrophages is reduced [8].

There are scarce data on the involvement of siglecs

in lectin�mediated phagocytosis. Sialoside�binding

lectins, such as siglec�1, siglec�5, and siglec�11, are

expressed on macrophages. Siglecs recognize sialylated

carbohydrate chains of glycoproteins and glycolipids of

the cell membrane [9�11]. At present, 11 siglecs are

known. Except siglec�4 (a myelin�associated protein),

which is identified only on cells of the central and

peripheral nervous systems, siglecs are exposed on

immune cells and peripheral blood cells. By amino acid

sequence, siglecs are divided into two groups. The first

group includes sialoadhesin (siglec�1), CD22 (siglec�2),

and siglec�4, which are 25�30% homologous. The other

group (CD33�like proteins) includes siglecs with the 50�

80% homology to siglec�3 (CD33) [10, 11]. The structure

and carbohydrate specificity of siglecs are intensely  stud�

ied, but their biological role is poorly understood.

Sialylated chains of MUC1 and CD43 are reported to be

ligands for siglec�1 [12, 13]. Binding of siglec�1 to CD43

lead to contact stimulation between T�cells and

macrophages. Besides, siglec interaction with mucin car�

bohydrate chains provides increase of cell adhesion to

tumor�associated macrophages in breast cancer. Siglec�1

and siglec�5 were recently shown to be involved in phago�

cytosis of the bacterium Neisseria meningitides through

binding to the fragment Neu5Acα2�3Gal of lipopolysac�

charide [14].

The purpose of the present work was to study the role

of siglecs in phagocytosis of apoptotic bodies by

macrophages, including tumor�associated ones.

MATERIALS AND METHODS

The following reagents were used: bovine serum

albumin (BSA) (Serva, Germany); Ficoll�Paque

(Amersham, UK); the culture medium RPMI�1640, fetal

calf serum, glutamine, an antibiotic�antimycotic

(Invitrogen, Great Britain); GM�CSF (Lumax, France);

poly(2�hydroxyethyl methacrylate) and fluorescein iso�

thiocyanate (FITC) (Sigma, USA); digoxigenin�labeled

lectins from Maakia amurensis (MAA) and Sambucus

nigra (SNA), FITC�labeled IgG antibodies to digoxi�

genin (Roche, Germany); Glyc�PAA�fluo and Glyc�

PAA glycoconjugates (Lectinity, Russia); phycoerythrin�

labeled antibodies to the human antigen CD45 (anti�

CD45�RPE), FITC�labeled antibodies to macrophage�

associated antigens (Coltag, USA); FITC�labeled strep�

tavidin and FITC�labeled antibodies to mouse IgG

(Sigma). Other reagents were from Reakhim (Russia).

Monoclonal antibodies to siglec�5 and siglec�7 were pre�

sented by P. R. Crocker (Great Britain).

Mononuclear cells were isolated from blood of

healthy donors and of patients with breast cancer during

surgical operations in the Russian Research Center for

Roentgen Radiology, Russian Ministry of Public Health.

The stage of the patient’s disease was characterized by the

formula TxNyMz, where T is the tumor, N are metastases

located near the tumor along the lymphoid ducts, M are

distant metastases; x = 1 corresponds to tumor size no

more than 2 cm, x = 2 corresponds to tumor size of 2�

5 cm; y and z were the numbers of metastases. Blood sam�

ples were taken from six patients: T4N2M0 (one patient),

T2N1M0 (two patients), T2N0M0 (two patients), and

T1N0M0 (one patient).

Isolation of mononuclear leukocytes. Mononuclear

cells were isolated in the gradient of Ficoll�Paques.

Briefly, 4 ml of Ficoll�Paques was added to the blood

sample (10 ml) of a healthy donor or patients diluted

twofold in PBS. Cell suspension was centrifuged at

2800 rpm for 30 min. The fraction containing lympho�

cytes and monocytes was washed twice in PBS by cen�

trifugation at 800 rpm for 10 min at 4°C and cultured in

5 ml of RPMI�1640 containing 10% fetal calf serum and

2 mM glutamine. To obtain macrophages, cells were cul�

tured in medium supplemented with GM�CSF

(100 µg/ml) for 4 days at 37°C in the presence of 5% CO2.

The macrophages were phenotyped with interaction of

antibodies directed to macrophage antigens (CD11b,

CD14, and CD36), B�lymphocytes (CD40), and dendrit�

ic cells (CD86, CD83).

Labeling of apoptotic bodies with fluorescein isothio�
cyanate. Cell lines of human breast carcinoma MCF�7

(ATCC No. CRL�2351) and of human melanoma M44

presented by J. LePendu (France) were used. The cells

were cultured in the RPMI�1640 medium supplemented

with 10% fetal calf serum and 2 mM glutamine. Apoptosis

of the cells was induced by UV�radiation for 2 min. The

induction of apoptosis resulted in flotation of the pro�

duced apoptotic bodies. After 48 h, supernatant contain�

ing the apoptotic bodies was collected. The induction of

apoptosis was confirmed by electrophoresis of DNA in

1% agarose gel [15]. The electrophoregram showed frag�

mentation of DNA that suggested the apoptosis (data not

presented). The cells were washed thrice in RPMI�1640

by centrifugation at 1200 rpm, resuspended in 1 ml of the
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same medium, and supplemented with FITC solution in

the same medium (15 µmol per 106 cells). The cells were

incubated at 37°C for 40 min. After completion of the

reaction, the cells were washed thrice in PBA (PBS sup�

plemented with 0.2% BSA).

Determination of expression of carbohydrate struc�
tures on M44 and MCF�7 cells after the induction of apop�
tosis. Adhesive (a control) cells were removed from the

plastic with Versene solution. The suspension of apoptot�

ic cells was washed thrice in PBA with centrifugation at

1200 rpm. Fifty microliters of lectin solution digoxigenin

labeled was added to the U�well plate (Nunc, Denmark)

containing  2·105 cells per 100 µl. Cells were incubated for

30 min at 4°C, with a subsequent washing in PBA and

incubation with FITC�labeled antibodies to digoxigenin

(diluted 1 : 10 in PBA) for 30 min. On completion of the

reaction, the cells were washed in PBA by centrifugation

at 1200 rpm and resuspended in 2 ml of PBS. The cells

were analyzed using a DACO Galaxy laser flow cytometer

(Denmark) at 488 nm. To 100 µl of the cell suspension

2 ml of PBS was added and carefully mixed. The cell flu�

orescence was determined at room temperature. Data

were processed with the Flowmax program (DACO

Galaxy). In each sample, at least 5000 cells were ana�

lyzed.

Identification of lectins of the macrophage surface.
The cells were washed thrice by centrifugation in PBA.

Cells (2·105 per 100 µl) were incubated in U�well plate

with 50 µl of 100 µM Glyc�PAA�fluo for 40 min at 4°C.

On completion of the reaction, the cells were washed by

triple centrifugation in PBA at 1200 rpm. The stained

cells were analyzed as described above.

Phagocytosis of apoptotic bodies by macrophages.
Apoptotic bodies were washed thrice by centrifugation in

RPMI�1640 at 1200 rpm for 3 min. A 0.5�ml cell suspen�

sion sample containing macrophages (106 cells/ml) was

cultured in a 24�well plate (Nunc) pretreated with 2%

poly(2�hydroxyethyl methacrylate) in ethanol to prevent

the cell adhesion. To the macrophages 0.5 ml of FITC�

labeled apoptotic bodies (106 cells/ml) were added. The

plate was incubated overnight at 37°C in the atmosphere

with 5% CO2. To evaluate inhibition of phagocytosis, the

macrophages were washed thrice in RPMI�1640 and

incubated for 40 min at 37°C with inhibitors (100 µM

Glyc�PAA or 10 mM Neu5AcαOBn), or lectins (SNA or

MAA, 1 µg/ml), or monoclonal antibodies to siglecs

(10 µg/ml). After completion of the reaction, the cells

were washed, resuspended in 0.5 ml of RPMI�1640, and

cultured in a 24�well plate as described above. Forty�five

microliters of the cell suspension and 5 µl of anti�CD45�

RPE (10 µg/ml) were incubated in PBA in a U�well plate

for 1 h and washed twice in PBA. The cell fluorescence

was determined by flow cytometry as described above.

Statistical analysis on the data of phagocytosis by

macrophages of breast cancer patients was performed

using the Wilcoxon−Mann−Whitney U test [16].

RESULTS

Interaction of macrophages with Glyc�PAA�fluo.
Phenotype of macrophages isolated from peripheral

blood of healthy donors was confirmed by flow cytometry.

The fluorescent signal was displaced positively in the case

of cell interaction with antibodies to macrophage anti�

gens CD11c, CD14, CD36, and CD40 (Fig. 1). However,

the cells did not bind with antibodies to dendritic cell

antigens CD83 and CD86 and with antibodies to the

monocyte antigen CD15. These findings suggested that

the monocytes differentiated into macrophages. The

interaction of macrophages with fluorescein�labeled gly�

coconjugates containing Neu5Ac  was also studied

(table). The macrophages bound to oligosaccharides con�

taining the disaccharide fragment Neu5Acα2�3Gal, i.e.,

to 3′SiaLac, 3′SiaTF, and 3′SiaLec. The macrophages did

not bind to SiaLex, although this molecule also contained

the Neu5Acα2�3Gal fragment. The interaction of

macrophages with a derivative containing Neu5Acα2�

6Gal, i.e., with 6′SiaLac, was weaker than with the 2�3

isomer (3′SiaLac). Glycoconjugates containing neu�

raminic acid as monosaccharide, or 2�8 disialosides

(Sia2), or Neu5Acα2�6GalNAcα (SiaTn) did not interact

with macrophages, but pretreatment of the cells with

neuraminidase provided the binding to all sialylated gly�

coconjugates (table). Because Neu5Acα2�3Gal is the

most typical ligand for siglec�1 and siglec�5, these results

suggested that siglec�1 or siglec�5 should be exposed on

the macrophage surface. This is also supported by data on

the interaction with antibodies to siglec�5 (data not pre�

sented; similar results are published in [17]).

Glyc�PAA�fluo

Neu5Acα*

3'SiaLac

6'SiaLac

3'SiaTF

3'SiaLec

SiaTn

Sia2

SiaLex

before treatment
with neuraminidase

–

+

+/–

+

+

–

–

–

after treatment
with neuraminidase

+

+

+

+

+

+

+

n.a.**

Binding of macrophages isolated from peripheral blood

of a healthy donor to sialylated fluorescence labeled gly�

coconjugates (results are presented for one of three inde�

pendent experiments)

Interaction of macrophages

* Similar results were observed with neoglycoconjugates Neu5Acα
which had either aminopropyl� or para�glycylamidobenzyl spacer.

** n.a., not analyzed.
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Interaction of apoptotic bodies with sialic acid specif�
ic lectins SNA and MAA. Apoptosis of the M44 cells was

induced by UV radiation and then interaction of apoptot�

ic bodies with plant lectins SNA and MAA recognizing

Neu5Acα2�6Gal and Neu5Acα2�3Gal, respectively, was

studied (Fig. 2). The two lectins bound with the apoptot�

ic bodies, but their interaction was weaker than with the

initial cells. These results suggested that ligands (and,

consequently, also the binding sites) for siglecs should

remain on the apoptotic bodies.

Phagocytosis of apoptotic bodies. Engulfment of

apoptotic bodies by macrophages was studied by flow

cytometry. The apoptotic bodies were labeled with FITC.

Because the leukocyte�associated antigen CD45 was

expressed on the macrophages, we evaluated only phago�

cytosis by the CD45�positive macrophages (Fig. 3b).

Addition of EDTA inhibited the engulfing activity of the

macrophages (Fig. 3c), and this is in agreement with the

literature data on involvement of Ca2+ in phagocytosis [3,

18]. To reveal the specificity of lectin involved in elimina�

tion of the apoptotic bodies, the macrophages were prein�

cubated with sialylated saccharides or glycoconjugates

Glyc�PAA. SiaLex�PAA had no effect on the engulfment

by macrophages of apoptotic bodies (Fig. 3d), while ben�

zyl glycoside Neu5AcαOBn (Fig. 3e) or its polyacryl�

amide conjugate (data not presented)  decreased by 50%

the phagocytosis. The engulfment by macrophages of the

apoptotic bodies was also decreased in the presence of

antibodies to siglec�5 (Fig. 3f) but not to siglec�7 (data

not presented).

Then involvement of sialoside�binding lectins was

studied in phagocytosis of apoptotic bodies by macro�

Fig. 1. Phenotype of macrophages isolated from the peripheral blood of healthy donor. The logs of fluorescence intensity (Y�axis) are plot�

ted against cell number. FITC�labeled antibodies against mouse IgG were used as a negative control. Results of one of three experiments

are presented.
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phages of breast cancer patients. The apoptotic bodies

were obtained from the breast carcinoma MCF�7 cells,

and the macrophages were isolated from peripheral blood

of the patients. Phagocytosis was assessed by number of

the CD45�positive macrophages, which had engulfed the

FITC�labeled apoptotic bodies. Flow cytometry analysis

of the blood cells showed that macrophages and neu�

trophils could engulf apoptotic bodies whereas mono�

cytes are inactive (Fig. 4). The phagocytosis by

macrophages from the patients’ blood was 6�10% and

phagocytosis by macrophages of healthy donors was up to

41% (Fig. 3b). In three patients with metastases, the

phagocytosis was 6�10%, and in two patients without

metastases it was 17%. In all cases, the engulfment by

neutrophils was no more than 8% and that of monocytes

was lower than 2% (Fig. 4).

Interaction of Glyc�PAA�fluo with macrophages from
blood of patients with breast cancer. The Glyc�PAA�fluo

interactions with macrophages from blood of a healthy

donor and with those of a patient with breast cancer are

shown in Fig. 5. The cells poorly interacted with the L�

selectin ligand 6(GlcNAc)OSuSiaLex, and this indicated the

cell differentiation into macrophages. However, the

patient’s macrophages bound with sialylated Glyc�PAA�

fluo even without the pretreatment with neuraminidase.

The interaction of the patient’s macrophages with

3′SiaLac and 6′SiaLac was fourfold and with Sia2 tenfold

higher than the interaction of the macrophages isolated

from blood of a healthy donor.

Phagocytosis of apoptotic bodies by macrophages
from blood of a patient with breast cancer. Analysis of

MCF�7 cells by means of lectins SNA and MAA showed

that after apoptosis induction as in the case of M44 cells,

Neu5Acα�containing glycans were detected on apoptotic

bodies. Quantities of sialylated glycans on the apoptotic

bodies obtained from the M44 and MCF�7 cells were

approximately the same, as shown by flow cytometry

using MAA and SNA lectins  (data not presented).

To identify the lectin�binding carbohydrate chains of

apoptotic bodies during their elimination by tumor�asso�

ciated macrophages, phagocytosis was studied in the

presence of two types of inhibitors: carbohydrates capable

of binding to siglecs and plant lectins capable of binding

to the corresponding carbohydrate chains on apoptotic

bodies. Preincubation of apoptotic bodies with MAA rec�

ognizing Neu5Acα2�3Gal inhibited the engulfment of

apoptotic bodies, whereas SNA, which bound

Neu5Acα2�6Gal, did not affect the phagocytosis (Fig.

6a). The engulfment of apoptotic bodies was also prevent�

ed by incubation of macrophages with 3′SiaLac�PAA or

Neu5AcαOBn, while other derivatives of N�acetylneur�

aminic acid, such as 6′SiaLac�PAA and Sia2�PAA, had no

effect (Fig. 6b).

DISCUSSION

Elimination of apoptotic bodies is an important

function of macrophages. As a tumor grows, it suppresses

the phagocytic and cytotoxic functions of macrophages.

First, this is associated with secretion by tumor cells of

cytokines, which inhibit the functions of macrophages [2,

19�21]. To make tumor�associated macrophages act

against a tumor is an important problem of antitumor

therapy. To activate interaction of macrophage receptors

with the appropriate ligands on apoptotic bodies seems to

Fig. 2. Flow cytometry analysis of interaction between the M44

cells (the darkened area) and the apoptotic bodies obtained from

these cells (the light area) with lectins SNA and MAA.
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Fig. 3. Phagocytosis by macrophages of apoptotic bodies obtained from M44 cells. Two�parametric histogram displays light scatter of log�

arithmic FITC (X�axis) and RPE (Y�axis) fluorescence intensities. Phagocytosis was assessed by the number of the CD45�positive

macrophages, which had engulfed FITC�labeled apoptotic bodies. a) The population of macrophages bound to anti�CD45�RPE. b�f) The

population of CD45�positive macrophages which had engulfed apoptotic bodies: b) phagocytosis of apoptotic bodies; c) the same in the

presence of 2 mM EDTA; d, e, f) phagocytosis in the presence of 100 µM SiaLex�PAA, 10 mM Neu5AcαOBn, and antibodies to siglec�5

(10 µg/ml), respectively. Presented here are results of one of three experiments with macrophages isolated from the peripheral blood of

healthy donors.

100

FL�2

102 104 104102100

104

a

41% 1%
F

L�
1

102

100

b c

d e f

104

102

100

100 102 104

35% 19% 14%

Fig. 4. Phagocytosis of apoptotic bodies by neutrophils (a), monocytes (b), and macrophages (c) from peripheral blood of a patient with
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be an approach for recovery of the engulfment ability of

macrophages with subsequent events. Therefore, it is

interesting to reveal functional receptor−ligand pairs dur�

ing phagocytosis.

In the present work, we studied the involvement of

siglecs in phagocytosis of apoptotic bodies by

macrophages from peripheral blood of healthy donors

and also by macrophages from blood of patients with

breast cancer.

Siglecs were detected on the macrophages by means

of polyacrylamide neoglycoconjugates and phagocytosis

was studied afterwards.

Macrophages preferentially bound to Neu5Acα2�

3Gal�containing neoglycoconjugates. However, the

macrophages pretreated with neuraminidase also recog�

nized Neu5Acα2�6Gal and Neu5Acα2�8Neu5Acα. Such

an increased interaction was explained by the decreased

masking cis�interaction of siglecs with the neighboring

sialylated carbohydrate chains [11, 12, 22]. We interpret

the findings as follows: the cells contain a Neu5Acα2�

3Gal�specific siglec, which is only partially masked by

Neu5Acα2�3Gal�containing glycans, whereas a

Neu5Acα2�6Gal�specific siglec (or siglecs) is completely

masked by Neu5Acα2�6Gal chains. We have earlier

found that siglec�1 and siglec�5 display the highest affin�

ity for Neu5AcαOBn (unpublished). Considering our

data on the interaction with Neu5AcαOBn, the literature

data on the expression of siglec�1 and siglec�5 on

macrophages, and the interaction of macrophages with

monoclonal antibodies to siglec�5, it was suggested that

siglec�5 should be involved in recognizing Neu5Acα�

containing carbohydrate chains of apoptotic bodies dur�

ing their phagocytosis by macrophages, but involvement

of siglec�1 is also possible.

Phagocytosis was studied on the human melanoma

cell line M44 characterized by a high content of sialylat�

ed glycans, which could be potential partners for siglecs.

To identify targets of macrophage siglecs on apoptotic

bodies, the carbohydrate composition of the M44 cells

was studied after the induction of apoptosis. The exposi�

tion of both Neu5Acα2�3Gal� and Neu5Acα2�6Gal�

containing glycans was found to be decreased, which was

in agreement with the earlier observations on human

colon carcinoma HT�29 cells [15].

Then we studied phagocytosis as it is, i.e., involve�

ment of macrophage siglecs in this process. The engulf�

ment of apoptotic bodies by macrophages was inhibited in

the presence of a carbohydrate ligand for siglec�5 and also

of antibodies to siglec�5, whereas antibodies to siglec�7

did not affect phagocytosis. These findings support the

involvement of the macrophage siglec�5 in the lectin�

mediated phagocytosis.

We also studied whether macrophages isolated from

blood of patients with breast cancer retained the ability

for siglec�mediated phagocytosis. Macrophages and neu�

trophils of the patients engulfed apoptotic bodies, while

Fig. 5. Flow cytometry analysis of interaction of macrophages from peripheral blood of a healthy donor (light bars) and a breast cancer

patient (dark bars) with Glyc�PAA�fluo (100 µM). Along the abscissa axis, the increase in fluorescence, which was calculated by the for�

mula [(Ii/I0)·100] – 100%, where Ii was the fluorescence intensity after incubation of the macrophages with Glyc�PAA�fluo, I0 was the flu�

orescence intensity after incubation of the macrophages with PAA�fluo (control). Results of one of three experiments are presented.
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monocytes failed to do this. The phagocytic activity of

macrophages of patients with tumors, including those

with metastases, was several times lower than the activity

of macrophages of healthy donors. But the binding of

macrophages of the patients with sialyl�glycoconjugates

was higher than that of macrophages of healthy donors.

The increased expression of siglecs could be due to secre�

tion by the tumor cells of cytokines, some of which, e.g.,

IL�4, can stimulate the synthesis of siglecs [22]. The

increased secretion of siglecs on macrophages was favor�

able for the tumor, because the recognition by siglecs of

sialylated receptors prevented the recognition of the

tumor cells as “foreign”. Phagocytosis of apoptotic bod�

ies resulting from the MCF�7 cells was inhibited by

Neu5Acα�OBn�PAA and 3′SiaLac�PAA, but not by Sia2�

PAA and 6′SiaLac�PAA. Note that macrophages inter�

acted with 6′SiaLac�PAA. Both siglec�5 and siglec�1 dis�

played a certain affinity for disialoside, but it was signifi�

cantly less pronounced than the affinity for Neu5Acα2�

3Gal and Neu5AcαOBn [23, 24]. This explained the

absence of disialoside effect on phagocytosis in our exper�

iments. In addition to siglec�1 and siglec�5, siglec�3 was

expressed on macrophages, and 6′SiaLac was the prefer�

ential ligand for this siglec. It seems that some sialoside�

binding lectins, first of all siglec�5, promoted phagocyto�

sis, and other siglecs were not involved in elimination of

apoptotic bodies.

Sialylation of the cell surface influenced the lectin�

mediated adaptive cell immunity and was manifested, in

particular, by masking ligands for galectins of these cells.

Indeed, masking of polylactosamine chains of T�lympho�

cytes by 2�6 sialylation inhibited apoptosis of lympho�

cytes induced by galectin�1 [25] and sialylation of glyco�

lipids prevented their interaction with galectin�3 [26, 27].

We described earlier the galectin�dependent phagocytosis

of apoptotic bodies by THP�1 cells of macrophage origin

[28]. In the present study, we also observed the galectin�

dependent phagocytosis of apoptotic bodies, but this was

the phagocytosis by macrophages only of patients with

tumors and not by macrophages of healthy donors. It

seems that both siglecs and galectin�1 can be involved in

phagocytosis of apoptotic bodies by macrophages. It

remains to be elucidated whether the involvement of

siglecs and galectins in apoptosis is concerted, independ�

ent, or antagonistic.

From the standpoint of oncotherapy, the findings

suggest that directional changes in the carbohydrate com�

position of apoptotic bodies (in particular, by creating

additional binding sites for siglecs or galectins) is promis�

ing for activation of their phagocytosis and, as a result, for

the subsequent exposition of tumor antigens to cells of the

immune system.
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