
Dendritic cells (DCs) are the main antigen-present-

ing cells which initiate and direct the immune response.

The maturity and functional activity of DCs determine

the direction of naive CD4+ T helper (Th) differentiation

and the type of immune response, contributing both to

the activation of effector T cells against foreign agents and

immune response inhibition via potentiating the genera-

tion of inducible regulatory T cells (iTreg) that determine

the tolerance [1, 2].

Pregnancy is an exciting example of tolerance devel-

opment by the mother’s immune system toward the semi-

allogenic fetus that occurs with the preservation of pro-

tective properties of mother’s organism as a whole [3].

During normal pregnancy, the proportion of immature

DCs capable of inducing the state of immune tolerance

increases in the peripheral blood [1, 3]. These cells are

characterized by reduced expression of costimulatory/

coactivator molecules (CD40, CD80, CD83, CD86),
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high levels of production of anti-inflammatory cytokines

[interleukin (IL)-10 and transforming growth factor-β1

(TGF-β1)], and increased activity of the enzyme

indolamine-2,3-dioxygenase (IDO) [1-3]. Tolerogenic

(immature) DCs inhibit T cell response via promoting

generation of iTreg cells and reducing the level of T

helpers producing IL-17 (Th17), thereby causing anergy

and apoptosis of cytotoxic T cells [3]. 

Unlike cytokines, IDO is a leading factor in the

induction of peripheral tolerance during pregnancy [1-4].

The enzyme is expressed by syncytiotrophoblasts, decid-

ual membrane cells, placental DCs, and macrophages

[5]. IDO is an inducible enzyme that converts L-trypto-

phan into kynurenine, 3-hydroxykynurenine, and 3-

hydroxyanthranilic acid [1-4]. This reaction leads to the

deficiency of tryptophan, which is necessary for protein

translation in activated T cells. The products of trypto-

phan degradation induce apoptosis of Th1 and cytotoxic

T lymphocytes [1-6]. IDO inhibition in pregnant mice

leads to the induction of anti-fetal immune response [7].

In addition, kynurenine can shift the Th17/Treg ratio

toward Treg cells [8]. Therefore, high IDO activity pro-

vides one of the key mechanisms for the maternal-fetal

tolerance formation [9].

Placental hormones can modulate the functional

activity of leukocytes due to the expression of specific

receptors on these cells [10-13]; hence, hormones can be

considered as physiological inducers of tolerogenic DCs.

Peptide hormones leptin and ghrelin are functional

antagonists in the regulation of feeding behavior and glu-

cose metabolism; they control energy homeostasis, as

well as functioning of the immune and reproductive sys-

tems [10]. By acting on hypothalamus, leptin and ghrelin

oppositely control hunger and appetite and regulate food

consumption, adipose tissue metabolism, energy homeo-

stasis, growth, and development [10]. Both hormones

exhibit the immunoregulatory activity [13-16]. The levels

of leptin and ghrelin in the peripheral blood significantly

increase during pregnancy, because both hormones are

actively produced by the placenta. They are necessary for

successful fetus implantation and development [10].

Receptors for leptin (LepR) and ghrelin (GHS-R) have

been found on DCs [12, 17, 18] and most cells of the

immune system [17-22]. Leptin has the proinflammatory

properties and promotes the dominance of the cell-medi-

ated immune response [17, 19]. Ghrelin, on the contrary,

displays the anti-inflammatory activity by blocking the

leptin-induced proinflammatory response [12]. Both

hormones can mutually regulate expression of receptors

for each other on the cells [12, 20]. The combined action

of leptin and ghrelin in a cell and at the organism level

produces the cooperative effects that connect energy

homeostasis and immune functions [10, 16, 20]. Leptin

enhances maturation of DCs by promoting expression of

CD40, production of IL-12, and ability to initiate Th1

response [17, 18, 21]. We have previously shown that lep-

tin and ghrelin, in concentrations characteristic of preg-

nancy, oppositely modulate the synthesis of IL-12, IL-10,

and TGF-β1 by DC and mediate DC differentiation of

iTreg and Th17 cells [14-16], as well as regulate the IDO

activity in the peripheral blood monocytes [22].

Elucidation of the hormonal mechanisms involved in the

control of DC functions is important for understanding

the patterns of immune response development and

immune tolerance formation during pregnancy and can

be the most efficient approach to the induction of anti-

gen-specific tolerance to donor, recipient, or own anti-

gens.

Analysis of published data shows that the effects of

most placental hormones include inhibition of cytotoxic

responses, formation of the Th2-type immune response,

and generation of suppressor T cells in the utero-placen-

tal contact zone via stimulation of the cAMP-dependent

signaling [23]. Our previous studies have shown that the

cAMP signaling pathways are involved in the

immunomodulatory effects of ghrelin and combination of

ghrelin with leptin on lymphocytes [15]. According to

other authors, cAMP acts as a secondary messenger in the

leptin action on different types of cells [24, 25]. All of the

above facts determine the need to evaluate the role of

cAMP in the effects of leptin and ghrelin in the regulation

of DC functions.

The aim of this study was to investigate the ability of

leptin and ghrelin in concentrations typical for pregnan-

cy to influence maturation of DCs, as well as the amount

and activity of IDO, and to assess the role cAMP in these

processes.

MATERIALS ANS METHODS

DCs were generated from the peripheral blood

monocytes of healthy non-pregnant women of reproduc-

tive age (19-39 years) (n = 10). Blood samples were col-

lected during the follicular phase of the menstrual cycle

(1-7 days); peripheral blood mononuclear cells (PBMCs)

were isolated by centrifugation in a Ficoll–verografin

density gradient (1.077 g/cm3; Sigma, USA; Spofa,

Czechia). DCs were generated by the standard method

[26]. PBMCs ((1-5)·106 cells/ml) were resuspended in

complete nutrition media (CNM; RPMI-1640 supple-

mented with 10% fetal calf serum, 1 mM HEPES, 2 mM

L-glutamine, and 100 µg/ml streptomycin), plated in 24-

well polystyrene plates (2 ml per well; Costar, USA), and

cultured for 3 h at 37°C in 5% CO2 (3-h incubation time

was sufficient for monocytes to adhere to the plastic sur-

face). The non-adherent PBMCs were then washed off

with cold RPMI-1640 and 2 ml of CNM with hormones

was added to the wells. Leptin (Sigma, USA) was used at

a concentration of 35 ng/ml, which is close to its concen-

tration in the peripheral blood during the second and

third trimesters of gestation [27]. Ghrelin (Sigma, Israel)
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was added at a concentration 1.25 ng/ml, which is com-

parable with its concentration in the peripheral blood

during the first and second trimesters of gestation [28]. To

investigate the combined effect of both hormones, they

were added to the cells simultaneously (leptin, 35 ng/ml;

ghrelin, 1.25 ng/ml). Physiologic saline used for dissolv-

ing the hormones was added to the control samples.

Formation of DCs was induced by adding granulo-

cyte-macrophage colony-stimulating factor (GM-CSF)

(100 ng/ml; R&D, USA) and IL-4 (20 ng/ml;

BioLegend, USA) to the cells [26]. The cells were then

incubated at 37°C in 5% CO2 for 5 days. After 3 days of

culturing, a portion of the medium was replaced with the

new one containing the same cytokines (IL-4 and GM-

CSF) and lipopolysaccharide (LPS, 1 µg/ml, E. coli

serotype 0111:B4; Sigma) to induce DC maturation [26].

After 5 days of culturing, the supernatants were removed,

and the DC phenotype was assessed by flow cytometry

using a FACSCalibur flow cytometer (Becton Dickinson,

USA). Cells viability evaluated in the test with eosin after

120-h incubation with the hormones was 95-98%. The

gating strategy included initial gating on the monocyte

populations from the forward (FSC-H) and side scatter

(SSC-H) plot, followed by exclusion of non-viable cells

and then gating on viable cells and determination of spe-

cific DC markers in this region. Non-specific binding and

fluorescence-negative window were determined using the

corresponding isotype controls (mouse IgG1-FITC,

IgG1-PE, IgG2b-PE, IgG2a-PE, and IgG1 kappa-

FITC; eBio, USA). At least 105 cells were analyzed.

Expression of the surface CD14, CD83, CD86, HLA-

DR, and CD1c molecules reflecting the level of DC mat-

uration was estimated in gate of monocyte cells using the

corresponding monoclonal antibodies (anti-human

CD14-FITC 61D3/mouse IgG1, anti-human CD83-PE

HB15e/mouse IgG1, anti-human CD86-PE IT2.2/

mouse IgG2b, anti-human HLA-DR-PE L243/mouse

IgG2a, anti-human CD1c-FITC L161/mouse IgG1

kappa; eBio, USA).

To assess the effect of hormones on DC maturation,

the number of CD83+, CD86+, HLA-DR+ in gate CD1c+

DC was studied [29].

The amount of IDO in lysates of DCs was deter-

mined by enzyme immunoassay (EIA) using commercial

ELISA kit for IDO (Cloud-Clone Corp, USA) according

to the manufacturer’s instructions.

To determine the IDO activity, L-tryptophan

(100 µM; Sigma) was added to the samples. The samples

were incubated for 4 h, and the supernatants were then

collected and assayed for the concentration of kynure-

nine, the first stable product of tryptophan degradation

[2]. LPS (100 ng/ml, E. coli serotype 0111:B4; Sigma)

was used to induce IDO activity [30]. The level of kynure-

nine in the samples was evaluated spectrophotometrically

by a standard method [2]. Spontaneous production of

kynurenine in the studied samples was 1.63 ± 0.54 µM.

The levels of intracellular cAMP in the lysates of

generated DCs were determined by EIA using a Direct

cAMP ELISA kit (Enzo Life Sciences, USA) according

to the manufacturer’s instructions.

Statistical analysis of the results was performed using

the STATISTICA (v. 11.0) software package. The nor-

mality of data distribution was tested using the χ2-test. If

the data followed the normal distribution, the statistical

significance was determined using the Student’s paired t-

test. The non-parametric Wilcoxon matched pairs test

was used if the data were not normally distributed. The

differences were considered significant at p < 0.05. For

multiple comparisons, Bonferroni correction were used.

Some of the results were processed using the Pearson’s (r)

correlation analysis.

RESULTS AND DISCUSSION

DC generation. Culturing monocytes in the presence

of IL-4 and GM-CSF led to the formation of DCs with a

typical phenotype characterized by the loss of CD14

(common monocyte marker) and increased expression of

HLA-DR (major histocompatibility complex class II

molecule), CD1c (antigen- presenting molecule), CD86

(costimulatory molecule), and CD83 (marker of mature

DCs). Culturing monocytes in the absence of IL-4 and

GM-CSF resulted in the increased expression of both

CD14 and HLA-DR (Fig. 1). The levels of HLA-DR

expression on the monocytes and maturing DCs were

comparable, whereas the amounts of CD1c, CD83, and

CD86 on maturing DCs were significantly lower. It

should be noted that CD1c, also called blood dendritic

cell antigen 1 (BDCA-1), is the main marker of classical

(myeloid) DCs, including most DCs circulating in the

peripheral blood and DCs generated from monocytes in

vitro [29, 30]. Therefore, the used procedure successfully

generated DCs from the peripheral blood monocytes.

Effect of leptin on the maturation and functional

activity of DCs. It is known that in homozygous ob/ob

(leptin mutation) and db/db (leptin receptor mutation)

mice, expression of the CD40, CD80, CD86, and HLA-

DR maturation markers on DCs is reduced [31].

Injection of leptin in these animals restores the mature

phenotype of DCs. Studies of the ability of leptin to gen-

erate human DCs in vitro demonstrated that the presence

of this hormone in the concentrations characteristic of

pregnancy has no statistically significant effect on the

expression of HLA-DR, CD83, and CD86 on the mem-

brane of cultured CD1c+ DCs (Fig. 2 and Table 1).

Apparently, during physiological pregnancy, leptin does

not realize its potential in contrast to the experimental

models using mice with genetic defects. It is known that

mature (myeloid) DCs take an active part in the immune

response against antigenic structures upon transplanta-

tion [7]. The absence of the stimulating effect of leptin
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suggests that the hormone concentration during pregnan-

cy is not sufficient to exhibit its action.

The presence of leptin during DC maturation

increased both the amount and the LPS-stimulated activ-

ity of IDO, thereby promoting L-tryptophan metabolism

with the formation of kynurenine (Table 2). At the same

time, no increase in the intracellular cAMP concentra-

tion was observed in vitro. Therefore, it can be concluded

that during pregnancy, leptin does not affect the matura-

tion of myeloid DCs, but rather enhances their tolero-

genic potential through upregulation of IDO synthesis

and, as a consequence, activation of L-tryptophan catab-

olism to kynurenine, which promotes anergy and death of

effector T lymphocytes in the uteroplacental interface

area. Previously, we have shown that leptin produces sim-

ilar effect on the LPS-stimulated activity of IDO in the

peripheral blood monocytes [22].

It should be noted that LPS and interferon-γ are the

most important factors initiating DC maturation and

IDO expression during pregnancy [32]. LPS is constantly

present in the urinary tract as a product of bacterial con-

tamination. LPS interaction with the Toll-like receptors 4

(TLR-4) on DCs leads to the activation of MyD88

(myeloid differentiation primary response 88 protein) and

PI3K (phosphatidylinositide 3-kinase), as well as Akt

(protein kinase B) and p38MAPK (mitogen-activated

protein kinase) [30, 33]. Both Akt and p38MAPK induce

activation of the nuclear transcription factor κB (NF-κB)

[33], that directly binds to the INDO promoter and acti-

vates IDO expression [30]. Leptin interaction with LepR

on DCs activates Jak2 kinases (Janus kinases) that phos-

phorylate IRS-2 protein (insulin receptor substrate 2) and

initiate the PI3K/Akt signaling pathway [34, 35].

Phosphorylation of Akt kinase simultaneously activates

MAPK and STAT3 (signal transduction protein and tran-

scription activator 3), which in its dimeric form promotes

NF-κB activation [21]. Therefore, leptin can enhance the

IDO-inducing action of LPS through PI3K, MAPK, and

STAT3, which explains our results.

Effect of ghrelin on the maturation and tolerogenic

function of DCs. The presence of ghrelin in the concen-

tration characteristic for pregnancy during DC matura-

tion reduces CD86 expression on CD1c+ DCs but does

not affect the amounts of CD83+CD1c+ and HLA-

DR+CD1c+ DCs (Fig. 2 and Table 1). Taking into

account that CD86 is a co-stimulating molecule neces-

sary for the interaction with CD28 on T-lymphocytes and

strengthening of the activating signal, it can be assumed

that the action of ghrelin during pregnancy reduces T-

lymphocyte activation or their anergy.

Unlike leptin, ghrelin did not affect the LPS-stimu-

lated IDO activity during DC maturation but reduced the

amount of the enzyme in these cells (Table 2). This effect

was directly related to the increase in the intracellular

cAMP concentration. Correlation analysis revealed the

inverse relationship between the decrease in the IDO

amount in the presence of ghrelin and increase in the

cAMP concentration (r = –0.95; p < 0.05); i.e., ghrelin

prevented an increase in the IDO amount proportionally

to the increase in the intracellular cAMP level. It is known

that ghrelin interaction with GHS-R, which belongs to

the Gq-protein-coupled receptors (GqPCRs), leads to the

Fig. 1. b) Expression of the membrane molecules CD14, HLA-DR, CD83, CD86, and CD1c on the monocytes and mature DCs (control).

Abscissa axis, studied groups: M (monocytes), C (control) (mature DCs obtained from monocytes by stimulation with IL-4 and GM-CSF

with subsequent activation by LPS); ordinate axis, percentage of cells carrying the corresponding marker; n = 10; the data are presented as

mean ± standard error (M ± m); * statistically significant difference with the control (p < 0.05) according to the paired Student t-test.

b
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Fig. 2. Histograms characterizing the gating strategy (a, b) and CD86 expression on CD1c+ DCs under the influence of hormones (c).

Ordinate axis, fluorescence intensity on the corresponding channels (FL); abscissa axis, forward scatter plot (FSC-H). Histograms from a typ-

ical experiment are presented. Designations: Control, mature DCs (obtained from monocytes via stimulation with IL-4 and GM-CSF fol-

lowed by LPS activation); Leptin, mature DCs cultured in the presence of leptin, 35 ng/ml; Leptin + ghrelin, mature DCs cultured in the

presence of leptin (35 ng/ml) and ghrelin (1.25 ng/ml); Ghrelin, mature DCs cultured in the presence of ghrelin, 1.25 ng/ml.

a

b

c
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activation of phospholipase C (PLC) and hydrolysis of

phosphatidylinositol 4,5-bisphosphate (PIP2) to inositol

1,4,5-triphosphate (IP3) resulting in the increase in the

Ca2+ and diacylglycerol (DAG) concentrations [36-38].

DAG activates PKC (protein kinase C), leading to the

upregulation of the MAPK cascade activity

(JNK/p38/ERKI/II) and phosphorylation of CREB

(cAMP response element-binding protein) [36-39].

CREB induces transcription and synthesis of SOCS3

(suppressor of cytokine signal transduction 3) that binds to

the ITIM2 (inhibiting phosphorylation motif of tyrosine

2) domain of IDO, thereby inducing proteasomal degra-

dation of the IDO molecule [40, 41]. The increase in the

cAMP intracellular level under the influence of ghrelin is

probably due to the ability of Ca2+/CaM (calmodulin) to

activate adenylate cyclase (AC) [42]. The increase in the

cAMP concentration in the cells results in the activation

of protein kinase A (PKA) and EPAC (exchange protein

directly activated by cAMP), which also promotes SOCS3

synthesis [42]. In addition, CaM stimulates the activity of

AMP-activated protein kinase (AMPK) [43] leading to

the formation of active CREB. Hence, downregulation of

the LPS-induced IDO expression under the influence of

ghrelin in DCs can be explained by the

cAMP/CREB/SOCS3-mediated proteasomal degrada-

tion of the enzyme [44]. Apparently, the SOCS3-depend-

ent mechanism also determines the reduction of the CD86

expression on the CD1c+ DCs matured in the presence of

ghrelin. According to the literature, SOCS3 can directly

induce proteasomal degradation of CD86, as well as pro-

mote degradation of activated transcription factors

responsible for CD86 expression [45, 46].

Combined effect of leptin and ghrelin on the matura-

tion and functions of DCs. Blood cells simultaneously

experience the influence of a large number of signaling

molecules present in the peripheral blood; therefore,

analysis of the combined effects of hormones, especially,

a pair of hormones with antagonistic action, might help

us to understand the physiological mechanisms of preg-

nancy. It is found that simultaneous presence of leptin

Experimental
conditions

Monocytes

Control

Leptin, 35 ng/ml

Leptin, 35 ng/ml + 
ghrelin, 1.25 ng/ml

Ghrelin, 1.25 ng/ml

Table 1. Effects of leptin and ghrelin on the expression of membrane molecules on CD1c+ DCs generated in the pres-

ence of the hormones

CD86+ in gate of CD1c+

DCs, %

20.6 (18.2-25.4), р = 0.006*

70.6 (59.1-84.9)

69.8 (56.5-88.0)

63.3 (36.2-72.6), р = 0.023*

47.1 (35.3-77.5), р = 0.022*

CD83+ in gate of CD1c+

DCs, %

33.0 (31.9-34.8), р = 0.004*

75.3 (69.1-80.6)

79.9 (64.2-91.1)

74.8 (71.1-79.0)

77.3 (72.0-81.2)

HLA-DR+ in gate of CD1c+

DCs, %

59.6 (46.7-63.1), р = 0.011*

73.7 (66.4-75.6)

76.9 (71.5-82.4)

79.9 (68.0-84.4)

72.5 (61.1-78.2)

Note: The data are presented as median with lower and upper quartiles [IU (LQ; UQ)]. Here and in Table 2: Monocytes, monocytes cultured in the

absence of IL-4, GM-CSF, and LPS; Control, mature DCs (obtained from the monocytes via stimulation with IL-4 and GM-CSF followed

by LPS activation); Leptin, 35 ng/ml, mature DCs cultured in the presence of leptin, 35 ng/ml; Leptin, 35 ng/ml + Ghrelin, 1.25 ng/ml,

mature DCs cultured in the presence of leptin (35 ng/ml) and ghrelin (1.25 ng/ml); Ghrelin, 1,25 ng/ml, mature DCs cultured in the pres-

ence of ghrelin, 1.25 ng/ml.

* Statistically significant differences with the control according to the Wilcoxon matched pairs test for paired dependent samples; n = 10.

Experimental conditions

Control

Leptin, 35 ng/ml

Leptin, 35 ng/ml + ghrelin, 1.25 ng/ml

Ghrelin, 1.25 ng/ml

Table 2. Effects of leptin and ghrelin on the amount and LPS-induced activity of IDO and intracellular cAMP con-

centration in DCs generated in the presence of the hormones

cAMP,
pmol/ml (106 cells)

0.89 ± 0.12

1.06 ± 0.11

1.10 ± 0.11

1.23 ± 0.09, р = 0.01*

IDO, pg/ml

1.60 ± 0.04

1.73 ± 0.07, р = 0.023*

1.47 ± 0.13

1.03 ± 0.15, р = 0.002*

Kynurenine concentration,
µM

2.24 ± 0.17

6.06 ± 2.07, р = 0.02*

6.13 ± 1.22, р = 0.005*

4.64 ± 1.47

Note: The results are presented as arithmetic mean ± standard error (M ± SEM); * statistically significant differences with the control according to 

the Student’s paired t-test; n = 10.
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and ghrelin during DC maturation in concentrations typ-

ical for pregnancy reduces expression of CD86 on CD1c+

DCs but does not affect the number of CD83+CD1c+ and

HLA-DR+CD1c+ DCs (Fig. 2 and Table 1). According to

the correlation analysis, the decrease in the amount of

CD86+CD1c+ DCs in the presence of both hormones was

caused by ghrelin (r = 0.75; p < 0.05). As mentioned

above, ghrelin reduces CD86 expression on CD1c+ DCs

via cAMP-dependent activation of CREB/SOCS3,

which is also realized upon the combined action of the

hormones [39, 40].

Analysis of the leptin and ghrelin combined effect on

the activity and amount of IDO in DCs showed that the

presence of hormones during DC maturation does not

affect the amount of the enzyme by increases its LPS-

stimulated activity in DCs, which is also accompanied by

the increase in the kynurenine concentration (Table 2).

According to the correlation analysis, the increase in the

LPS-stimulated activity of IDO upon the combined

action of the hormones was caused by leptin (r = 0.95; p <

0.05). This suggests that in the presence of ghrelin, leptin

retains only its ability to activate IDO, since ghrelin pre-

vents leptin-induced accumulation of new enzyme mole-

cules due to their ghrelin/SOCS3-induced proteasomal

degradation [39, 40]. This assumption is consistent with

the published data that ghrelin is able to significantly

inhibit leptin-induced phosphorylation of STAT3 via

EPAC-dependent activation of SOCS3 [39, 40]. At the

same time, the combined presence leptin and ghrelin dur-

ing DC maturation did not noticeably affect the intracel-

lular cAMP level (Table 2). It is known that leptin is able

to reduce the cAMP level by activating the PI3K-cat-

alyzed reaction. The product of this reaction, phos-

phatidylinositol 3,4,5-triphosphate (PIP3), stimulates

Akt, which in turn, phosphorylates membrane-associated

phosphodiesterase 3B (PDE3B) [47]. This effect of leptin

explains the absence of the increase in the intracellular

cAMP concentration upon the combined action of the

hormones. Apparently, in the presence of both hormones,

ghrelin predominantly acts through the PKC/MAPK-

dependent CREB phosphorylation and SOCS3 activa-

tion.

Therefore, despite the fact that leptin and ghrelin

exert the opposite modulating effects on the main func-

tions of DCs, stimulation of the LPS-induced activity of

IDO by leptin and downregulation of the co-stimulating

Fig. 3. Hypothetical scheme for regulation of CD86 expression, amount and LPS-stimulated IDO activity in DCs by the combination of lep-

tin and ghrelin. Solid arrows, stimulating effect; dotted arrows, inhibitory effect.
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CD86 molecule expression on CD1c+ DCs by ghrelin are

preserved upon the combined action of these hormones.

Figure 3 shows possible mechanisms of the hormonal

control of the maturation and functional activity of DCs.

The obtained results expand and complement our

understanding of the mechanisms of leptin and ghrelin par-

ticipation in the regulation of the functional activity of DCs

in pregnancy and in the formation of immune tolerance in

general. During physiological pregnancy, it is the combined

effect of physiological concentrations of leptin and ghrelin

in the peripheral blood that contributes to the activation of

the IDO-dependent mechanism of peripheral tolerance

induction with the involvement of DCs and predominant

formation of iTreg cells. Understanding molecular mecha-

nisms of the interaction between leptin and ghrelin is prom-

ising for pharmacological correction of DC differentiation

and can also be used to develop efficient approaches to

enhance the induction of specific tolerance to donor/recip-

ient histocompatibility antigens or to own antigens.
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