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(TGF-b), and IL-10 in the modulation of intercellular adhesion molecule-1

(ICAM-1) expression by macrophages during mycobacterial infection

H. TOMIOKA*, T. SHIMIZU*, W. W. MAW* & K. OGASAWARA*² *Department of Microbiology and Immunology, and

²Department of Otorhinolaryngology, Shimane Medical University, Izumo, Japan

(Accepted for publication 11 August 2000)

SUMMARY

Profiles of ICAM-1 expression on cultured murine peritoneal macrophages infected with Mycobacterium

avium complex (MAC) were examined, with special reference to modulating roles of TNF-a , TGF-b ,

and IL-10. When macrophages were infected with MAC, ICAM-1 expression, measured by microscopic

counting of ICAM-11 macrophages stained with anti-ICAM-1 antibody, ELISA, and flow cytometric

analysis, was rapidly increased, peaking at day 3 (early-phase up-regulation) due to endogenous TNF-a ,

and thereafter gradually declined to the normal level within 1 week or more (late-phase down-

regulation). The late-phase ICAM-1 down-regulation was also seen in macrophages phagocytosing heat-

killed MAC and those stimulated with lipopolysaccharide but not in macrophages phagocytosing latex

beads. ICAM-1 mRNA expression was augmented markedly at day 1 after MAC infection and thereafter

decreased. While TNF-a and IL-10 production by MAC-infected macrophages was observed during the

first 3 days, TGF-b production was initiated from day 3 and continued until day 14. Exogenously added

TGF-b strongly inhibited the early-phase increase in ICAM-1 expression by infected macrophages, and

the blockade of endogenous TGF-b with anti-TGF-b antibody markedly inhibited late-phase ICAM-1

down-regulation. Moderate blocking effect was also observed for anti-IL-10 antibody. On the other

hand, late-phase ICAM-1 down-regulation was not prevented by the addition of exogenous TNF-a .

Therefore, TGF-b and IL-10, especially the former, appear to play active roles in the late-phase down-

regulation of ICAM-1 in MAC-infected macrophages during long-term cultivation.
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INTRODUCTION

Disseminated and fatal Mycobacterium avium complex (MAC)

infections develop frequently in immunocompromised hosts such

as in AIDS patients [1]. MAC organisms persist at sites of

infection for long periods without producing the severe foci in

target organs which are observed in the case of tuberculosis [2].

We previously found that the persistence of MAC at sites of

infection is due in part to high resistance of MAC organisms to

microbicidal mechanisms of host macrophages [3±5]. Immuno-

suppressive cytokines, TGF-b and IL-10, which are endogenously

produced by macrophages infected with MAC, play roles in

persistence of the organisms in host macrophages [6±9]. These

cytokines reduce T cell functions [10,11] and down-regulate

macrophage anti-mycobacterial activity [6±9]. Thus, MAC

infection frequently causes impairment of host cellular immunity

including DTH reaction and antigen response of T cells in hosts

[12], due in part to immunosuppressive macrophages which

produce these cytokines [13].

Adhesion molecules expressed on immunocompetent cells are

involved in cellular interactions, playing roles in the development

of immunological responses [14]. The interaction of leucocyte

function-associated antigen-1 (LFA-1) with ICAM-1 is required

for conjugate formation of T cells with antigen-presenting cells

(APC), leading to the activation of resting T cells [14±16]. ICAM-

1 plays an important role in the antigen response of T cells to

purified protein derivative of M. tuberculosis (MTB) [17,18]. It

was reported that ICAM-1 expression by the THP-1 human

macrophage-like cell line was strongly increased due to MTB

infection during 3-day cultivation and that this increase was

mediated by TNF-a [18]. However, profiles of ICAM-1

expression during macrophage cultivation longer than 3 days

have not yet been examined. In this study we therefore studied the

profiles of ICAM-1 expression during long-term cultivation of
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macrophages after mycobacterial infection. Moreover, we also

determined the roles of TNF-a , TGF-b , and IL-10 in the

modulation of macrophage ICAM-1 expression.

MATERIALS AND METHODS

Organisms

MAC N-260 SmT variant was isolated from a clinical specimen of

the patient with MAC infection and identified as M. intracellulare

by a DNA probe test. It belonged to serovar 16 in Schaefer's

seroagglutination test.

Special agents

Recombinant mouse TNF-a , recombinant mouse IL-10, ultrapure

natural human TGF-b1, mouse anti-human TGF-b MoAb (also

specific to mouse TGF-b ), and rat anti-mouse IL-10 MoAb were

purchased from Genzyme (Cambridge, MA). These agents were

essentially free from lipopolysaccharide (LPS) contamination by

Limulus testing. Rat anti-mouse ICAM-1 MoAb purified from

ascites by affinity column chromatography was obtained from

Seikagaku Co. (Tokyo, Japan). FITC-conjugated hamster anti-

mouse ICAM-1 MoAb purified from tissue culture supernatant by

affinity column chromatography was purchased from PharMingen

(San Diego, CA). These MoAbs recognize the mouse ICAM-1

molecule in a specific manner (the manuals of these MoAbs

written by Seikagaku Co. and PharMingen Co.).

Peritoneal macrophages

Three types of peritoneal macrophage cultures were prepared

using 7±10-week-old female BALB/c mice (Japan Clea Co.,

Osaka, Japan), as follows.

Method A. Ten millilitres each of peptone-starch-elicited

peritoneal exudate cell (PEC) suspension in RPMI 1640 medium

supplemented with 25 mm HEPES, 2 mm glutamine, and 10% (v/

v) heat-inactivated fetal bovine serum (FBS; BioWhittaker Co.,

Walkersville, MD) at a cell density of 5 � 106/ml were poured

onto a 90-mm cell culture plate which was overlaid with 14-mm

plastic culture sheets (about 20 sheets/plate). After 2 h incubation

at 378C in a CO2 incubator (5% CO2295% humidified air), the

resultant plastic sheets were removed and rinsed with Hanks'

balanced salt solution (HBSS) containing 2% FBS.

Method B. The PEC (3 � 107 cells) suspended in 10 ml of

10% FBS±RPMI 1640 medium were seeded into FBS-coated 90-

mm cell culture plate and incubated at 378C for 2 h. After washing

with 2% FBS±HBSS, adherent cells were scraped off using a

rubber policemen and collected by subsequent centrifugation.

Method C. The PEC (1 � 106 cells) suspended in 1´0 ml of

10% FBS±RPMI 1640 medium were seeded into 16-mm culture

wells and incubated at 378C for 2 h. After washing, culture

medium was overlaid onto the resultant macrophage monolayer

culture.

These three methods gave essentially pure macrophage

cultures without granulocyte contamination, with potent pinocytic

ability for neutral red and phagocytic activity against latex beads.

ICAM-1 expression

The following methods were used for measurement of macro-

phage ICAM-1 expression.

Microscopic assay. Macrophage monolayer cultures (method

A) were immersed into 16-mm culture wells containing 1´0 ml of

10% FBS±RPMI 1640 medium. The macrophages infected with

1 � 106 colony-forming units (CFU)/ml of MAC were then

cultured in the medium (1´0 ml) with or without the addition of

test agents at 378C for up to 7 days, unless otherwise specified. At

intervals, the macrophage monolayer culture was removed,

washed with PBS containing 0´2% bovine serum albumin

(BSA), fixed with 1% paraformaldehyde, incubated in 1%

BSA±PBS at room temperature for 30 min, and then reacted

with rat anti-mouse ICAM-1 MoAb (Seikagaku) at a

concentration of 1:200 for 1 h. After rinsing with 0´1% BSA±

PBS, the macrophages were reacted with alkaline phosphatase

(AP)-conjugated anti-rat immunoglobulin MoAb (Seikagaku) for

1 h, and then washed with 0´1% BSA±PBS. Colour development

was achieved using nitroblue tetrazolium/5 0-bromo-4-chloro-3-

indolylphosphate (NBT-BCIP) substrate and the ratio of blue-

stained macrophages containing $ 20 formasan granules (ICAM-

11 cells) was enumerated by microscopic counting.

ELISA. Macrophages (1 � 105 cells; Method B) suspended in

0´2 ml of 10% FBS±RPMI 1640 medium were infected with

1 � 106 CFU/ml of MAC or allowed to phagocytose heat (1218C,

15 min)-killed MAC or latex beads (3 mm diameter) at 1 � 106/

ml, and then cultivated in 96-well flat-bottomed microculture

plates in the medium (0´2 ml) with or without the addition of test

agents at 378C for up to 7 days. In some experiments,

macrophages were stimulated with LPS (Escherichia coli

O111:B4; Sigma Chemical Co., St Louis, MO) at 1 ng/ml or

10 mg/ml. At intervals, macrophage monolayers were fixed with

1% paraformaldehyde and subjected to blocking with 2% BSA±

PBS for 1 h. The resulting macrophages were reacted with rat

anti-mouse ICAM-1 MoAb (Seikagaku) at a concentration of

1:200 for 1 h, washed with 0´2% BSA±PBS, and thereafter

reacted with AP-conjugated anti-rat immunoglobulin MoAb. After

washing with 0´2% BSA±PBS, colour development was achieved

using p-nitrophenyl phosphate as substrate. The plates were read

on an ELISA reader at 405 nm.

Flow cytometric analysis. Macrophages (1 � 105 cells;

Method B) suspended in 1´0 ml of 10% FBS±RPMI 1640

medium were infected with 1 � 106 CFU/ml of MAC and then

cultivated in polypropylene tubes (12 � 75 mm) in the medium

(1´0 ml) at 378C for up to 7 days. At intervals, a monodispersed

cell suspension was obtained by treatment with PBS containing

0´02% EDTA. After blocking with 10% FBS±PBS, the resultant

cells were reacted with FITC-conjugated hamster anti-mouse

ICAM-1 MoAb (PharMingen) at a concentration of 1:625 for 1 h,

washed twice with 0´2% BSA±PBS, and fixed with 1%

paraformaldehyde in PBS pH 7´2 for 10 min. After washing

with PBS, the resulting macrophage cells were subjected to flow

cytometry using FACStar (Becton Dickinson, Mountain View,

CA).

Cytokine production

The macrophage monolayer cultures in 16-mm culture wells

(Method C) were infected with 1 � 107 CFU/ml of MAC and then

cultivated in 1´0 ml of 10% FBS±RPMI 1640 medium at 378C for

up to 14 days. The 10 times higher multiplicity of infection than

those for the ICAM-1 expression assay was employed in order to

achieve significant levels of TNF-a and TGF-b production by

MAC-infected macrophages. At intervals, culture fluid was

withdrawn and concentrations of TNF-a , IL-10, and TGF-b were

measured by ELISA as previously described [19], using rat anti-

mouse TNF-a MoAb (PharMingen), mouse anti-human TGF-b
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MoAb (specific to mouse TGF-b ) (Genzyme), and rat anti-mouse

IL-10 MoAb (Genzyme) as capture antibodies.

ICAM-1 mRNA expression

ICAM-1 mRNA in MAC-infected macrophages was measured by

the reverse transcription-polymerase chain reaction (RT-PCR)

method as previously described [19]. Macrophages (Method B)

were infected with 1 � 106 CFU/ml of MAC and cultured in

10 ml of 10% FBS±RPMI 1640 medium in 25-cm2 tissue culture

flasks at a density of 1´6 � 105 cells/flask, at 378C for up to

14 days. At intervals total RNA was isolated from macrophages,

using the ISOGEN kit (Nippon Gene Co., Toyama, Japan)

followed by reverse transcription reaction using random hexamer

primers (Gibco BRL, Rockville, MD) and Superscript II reverse

transcriptase (Gibco). The resulting cDNAs were amplified by

PCR (25 cycles: denaturing at 948C for 1 min; annealing at 588C
for 2 min; extension at 728C for 2 min) in the standard reaction

mixture using Taq DNA polymerase (Takara Biomedicals Co.,

Tokyo, Japan) and sense and antisense primers for ICAM-1

(CAGGAGAGCACAAACAGCAGTG/AGAGCGGCAGAGCAA

AAGAAGC). PCR products were analysed by electrophoresis on

ethidium bromide-stained 2% agarose gels.

RESULTS

ICAM-1 expression by MAC-infected macrophages during

cultivation

In the first series of experiments, we examined the mode of

macrophage ICAM-1 expression in response to MAC infection.

As shown in Fig. 1a, when ICAM-1 expression was measured by

the microscopic method, a temporary increase in the ratio of

ICAM-11 macrophages was observed in the early periods of

macrophage cultivation after MAC infection, reaching a peak at

day 3 (the early phase ICAM-1 up-regulation) and thereafter

declining to nearly the normal level by day 7 (the late phase

ICAM-1 down-regulation). In contrast, uninfected control macro-

phages did not show such changes in ICAM-1 expression. The

same profiles of ICAM-1 expression were observed when MAC-

infected macrophages were cultured in serum-free GPI medium

(data not shown). In a separate experiment performed under the

same conditions, the number of bacterial CFU associated with

macrophage monolayer on a plastic sheet was enumerated as

follows (106 CFU/sheet; n � 3): time 0, 1´00; day 1, 4´27 ^ 0´59;

day 3, 8´32 ^ 0´39; day 7, 17´0 ^ 2´0 (the number of CFU

recovered from macrophages by SDS (0´07%) treatment was

counted on Middlebrook 7H11 agar plates). This increase in CFU

values principally reflects the intramacrophagial growth of

infected MAC, since similar profiles of intracellular growth of

MAC were observed by microscopic counting of MAC residing in

macrophages on plastic sheets after Ziehl±Neelsen staining (data

not shown). Moreover, no significant growth of the MAC

organisms was noted in the medium for macrophage cultivation

used in this study.

We next examined macrophage ICAM-1 expression by ELISA

testing. As shown in Fig. 1b, a similar mode of the ICAM-1

expression was observed for MAC-infected macrophages during

7-day cultivation. Macrophage ICAM-1 expression markedly

increased during the first 3 days, followed by a subsequent decline

at day 7. In separate experiments, the ICAM-1 expression returned

to the base line by day 9. In contrast, uninfected macrophages did

not show such marked changes in their ICAM-1 expression. As

shown in Fig. 2a, macrophages phagocytosing heat-killed MAC

also displayed significantly increased expression of ICAM-1 at

days 1 and 3, followed by subsequent reduction at day 7. This

change was not so marked as observed in the case of macrophages

infected with live MAC organisms. On the other hand, macro-

phages phagocytosing latex beads (3´0 mm diameter) displayed a

progressive increase of ICAM-1 expression until day 7. As shown

in Fig. 2b, macrophages stimulated with high-dose (10 mg/ml)

LPS also displayed significantly increased ICAM-1 expression
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Fig. 1. ICAM-1 expression by Mycobacterium avium complex (MAC)-

infected macrophages during cultivation. Macrophage ICAM-1 expression

was measured by the microscopic method (a) or ELISA method (b). MAC-

infected macrophages (B) or uninfected macrophages (A) were cultivated

for up to 7 days. Each bar indicates the mean ^ s.e.m. (n � 3).

Experiments were repeated three times or more and the representative

results are indicated. Significantly larger than the value of uninfected

macrophages: *P , 0´05; **P , 0´01.
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during day 1 to day 3, as previously reported by other

investigators [20,21], followed by a reduction to normal levels

at day 7. Macrophages stimulated with low-dose (1 ng/ml) LPS

showed small increases in ICAM-1 expression in the early phase

but displayed marked down-regulation of ICAM-1 in the late

phase. Notably, in LPS-stimulated macrophages, the late-phase

ICAM-1 down-regulation was much more marked than in the case

of MAC-infected macrophages (Fig. 2a,b).

As indicated in Fig. 3, flow cytometric analysis also revealed

a transient increase in the number of ICAM-1-positive macro-

phages in the early phase (day 3) of cultivation after MAC

infection, followed by subsequent decline to the normal level at

day 7 (Fig. 3a). In contrast, there was only a slight increase in the

fluorescence intensity in the case of uninfected macrophages

(Fig. 3b).

These findings indicate that the early-phase ICAM-1 up-

regulation on MAC-infected macrophages was the phenomenon

specific to MAC infection. Moreover, in separate experiments

using the microscopic method, late-phase ICAM-1 down-regula-

tion was also noted, even when half medium changes were done

every 3 days during cultivation (data not shown). This indicates

that the late-phase ICAM-1 down-regulation was not due to

nutrient defects during long-term cultivation of macrophages.

Figure 4 shows the expression of ICAM-1 mRNA in MAC-

infected macrophages during 7-day cultivation after MAC

infection. ICAM-1 mRNA expression rapidly increased during

the first 24 h and thereafter decreased until day 7, but a significant

level of ICAM-1 mRNA was detected even at this stage. Since the

expression of ICAM-1 in protein level by MAC-infected

macrophages was markedly decreased at day 7 (Figs 1b and 2a),

it is thought that not only transcriptional but also post-

transcriptional regulation of ICAM-1 expression is related to
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Fig. 2. ICAM-1 expression by macrophages in response to stimulation

with various irritants during long-term cultivation. Macrophage ICAM-1

expression was measured by ELISA method. (a) Macrophages infected

with Mycobacterium avium complex (MAC) (B), or those phagocytosing

heat-killed MAC (hatched bars) or latex beads (cross-hatched bars) were

measured for their ICAM-1 expression. (b) Macrophages stimulated with

lipopolysaccharide (LPS) at 1 ng/ml (hatched bars) or 10 mg/ml (B) were

measured for their ICAM-1 expression. A, ICAM-1 expression on

unstimulated control macrophages. Each bar indicates the mean ^ s.e.m.

(n � 3). Significantly different from the value of unstimulated control

macrophages: *P , 0´05; **P , 0´01.
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Fig. 3. ICAM-1 expression by Mycobacterium avium complex (MAC)-

infected macrophages (a) and uninfected macrophages (b) during

cultivation for up to 7 days. Macrophage ICAM-1 expression was

measured by flow cytometric analysis. Macrophages were harvested and

subjected to flow cytometric analysis on day 0 (´ ´ ´ ´ ´ ), day 1 (±±±±±),

day 3 (±±±±±), and day 7 (± ´ 2 ´ ±). Broken line indicates the basal

level of fluorescence on macrophages without anti-ICAM-1 antibody

staining.
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late-phase ICAM-1 down-regulation in MAC-infected macro-

phages.

The role of TNF-a in early-phase ICAM-1 up-regulation

In separate experiments using uninfected macrophages, exogen-

ously added TNF-a increased the percentage of ICAM-11

macrophages at day 3: 1 TNF-a , 62´0 ^ 7%; 2 TNF-a ,

21´0 ^ 2%, indicating the roles of TNF-a in the early-phase

ICAM-1 up-regulation in MAC-infected macrophages. Indeed,

TNF-a production by MAC-infected macrophages increased in

the early phase of macrophage cultivation, followed by a

subsequent decline leading to diminishment at day 7:

day 0, , 0´10 ng/ml; day 1, 0´27 ^ 0´17 ng/ml; day 3,

0´66 ^ 0´24 ng/ml; day 7, 0´14 ^ 0´04 ng/ml (n � 3). This

supports the concept that TNF-a plays central roles in early-

phase ICAM-1 expression in MAC-infected macrophages. There-

fore, it is possible that late-phase ICAM-1 down-regulation in

MAC-infected macrophages is also due to a decrease in the

amounts of macrophage-produced TNF-a in culture medium.

However, exogenously added TNF-a (500 U/ml) failed to

overcome the late-phase (day 7) down-regulation of ICAM-1 in

MAC-infected macrophages (data not shown). This finding

implies that alternative mediators are related to the late-phase

ICAM-1 down-regulation.

Roles of TGF-b and IL-10 in late-phase ICAM-1 down-regulation

We determined the roles of immunosuppressive cytokines in the

late-phase down-regulation of ICAM-1 expression by MAC-

infected macrophages. Figure 5 shows the modes of IL-10 and

TGF-b production by MAC-infected macrophages during cultiva-

tion. IL-10 production rapidly increased after MAC infection,

peaked between day 1 and day 3, and thereafter decreased,

returning to normal levels by day 7. On the other hand, TGF-b
levels in macrophage culture fluids began to increase from day 3

and continuously increased until day 14.

Next, we examined the effects of exogenous IL-10 and TGF-

b , or anti-TGF-b and anti-IL-10 antibodies on ICAM-1 expres-

sion of MAC-infected macrophages measured by the microscopic

method. In this experiment, ICAM-1 expression by MAC-infected

macrophages temporarily increased at day 3, followed by

subsequent decline, reaching normal levels by day 7. As shown

in Fig. 6a, although exogenously added IL-10 did not affect

ICAM-1 expression on days 3 and 7, anti-IL-10 antibody blocked

the late-phase (day 7) down-regulation in MAC-infected macro-

phages. It thus appears that endogenous IL-10 produced in the

early phase is partly responsible for the induction of late-phase

ICAM-1 down-regulation. As shown in Fig. 6b, the exogenous

addition of TGF-b significantly suppressed early-phase (day 3)

ICAM-1 expression. In addition, anti-TGF-b antibody moderately

potentiated ICAM-1 expression on day 3 and completely blocked

subsequent diminishment of the ICAM-1 expression up to day 7.

Therefore, it appears that TGF-b directly mediated late-phase

ICAM-1 down-regulation in MAC-infected macrophages. In

separate experiments, TGF-b -mediated ICAM-1 down-regulation

was also demonstrated by ELISA testing (data not shown).

DISCUSSION

The present study indicates that MAC infection caused TNF-a -

mediated up-regulation of ICAM-1 expression by murine

peritoneal macrophages on day 3 of cultivation. A similar

phenomenon has been reported for MTB-infected human macro-

phages [18]. These findings are consistent with the in vivo

findings that granulomas in leprosy lesions and that keratinocytes

in tuberculoid-type lesional skin of leprosy patients exhibited a

pronounced expression of ICAM-1 [22,23]. Notably, it was

previously reported that neither MAC infection nor TNF-a
treatment of murine macrophages affected their LFA-1 expression

[24]. It thus appears that the ICAM-1 and LFA-1 expression by

MAC-infected macrophages are differentially modulated.

In the present study, we newly found that macrophage ICAM-

1 expression peaked at day 3 after MAC infection and thereafter

gradually decreased and returned to nearly normal levels within

1 week or more. Immunosuppressive cytokines, TGF-b and IL-10

[10,11], especially the former, appeared to play the roles in late-

phase ICAM-1 down-regulation, as demonstrated by blocking

experiments using anti-TGF-b antibody (Fig. 6). This concept is

consistent with previous findings that TGF-b down-regulated

ICAM-1 expression on interferon-gamma (IFN-g)-stimulated rat
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Fig. 5. Production of IL-10 and TGF-b by Mycobacterium avium

complex (MAC)-infected macrophages during cultivation for up to

14 days. At intervals, culture fluid was withdrawn and concentrations of

IL-10 and TGF-b were measured by ELISA. Open symbols indicate IL-10

(W) and TGF-b (A) production by uninfected macrophages. Closed

symbols indicate IL-10 (X) and TGF-b (B) production by MAC-infected

macrophages. Each symbol indicates the mean ^ s.e.m. (n � 3).

Fig. 4. ICAM-1 mRNA expression by Mycobacterium avium complex

(MAC)-infected macrophages during cultivation. At intervals, total RNA

was isolated from macrophages and subjected to reverse transcription-

polymerase chain reaction analysis. In parentheses, the ratio of `ICAM-1

band/b -actin band' is indicated.
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microglial cells [25] and that IL-10 inhibited ICAM-1 expression

on human monocytes [26].

Not only macrophages infected with live MAC but also

macrophages phagocytosing heat-killed MAC displayed increased

ICAM-1 expression during day 1 to day 3, followed by a marked

decline in ICAM-1 expression at day 7 (Fig. 2a). On the other

hand, macrophages phagocytosing latex beads displayed a

progressive increase in ICAM-1 expression until day 7 (Fig. 2a).

These findings suggest that the late-phase (day 3 to day 7) ICAM-

1 down-regulation in MAC-infected macrophages was mediated

by some cellular components specific to MAC organisms. It also

appears that heat-stable components of MAC organisms are

responsible for the late-phase ICAM-1 down-regulation, since not

only macrophages infected with viable MAC but also macro-

phages phagocytosing heat-killed MAC displayed similar levels of

reduction in ICAM-1 expression during day 3 to day 7. The most

probable candidate for such bacterial components is lipoarabino-

mannan (mycobacterial LPS), since LPS-stimulated macrophages

also displayed similar profiles of ICAM-1 expression during 7-day

cultivation, as in the case of MAC-infected macrophages

(Fig. 2b).

At the sites of mycobacterial infection, granuloma formation is

important for CD41 T cell- and macrophage-mediated blockade

and elimination of parasites [27]. Since ICAM-1 plays important

roles in the interaction between T cells and APC and transmission

of antigen signals from APC to T cells [14±16], prolonged

increase in ICAM-1 expression on APC, including macrophages,

is required to maintain the structure of a granuloma or facilitate

the activation of T cells leading to DTH reaction [28]. However,

as indicated by the present study, the increase in ICAM-1

expression by MAC-infected macrophages did not last for long

periods but was down-regulated by macrophage-derived endo-

genous TGF-b and IL-10 in the late phase of cultivation. This

seems to cause the failure of continuous strong granuloma

formation at sites of severe MAC infection in vivo. Indeed,

Moncada et al. [23] reported lack of expression of ICAM-1 by

keratinocytes in the epidermis of lepromatous leprosy patients,

whose T cells are unable to react either in vivo or in vitro against
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antibody): *P , 0´01; **P , 0´005). Specificity of anti-IL-10 and anti-TGF-b antibodies was confirmed by separate experiments using

control antibodies.
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M. leprae antigens, resulting in poor inflammatory response at the

sites of infection. In this context, Pancholi et al. [29] reported the

interesting finding that macrophages chronically infected with

MTB failed to present mycobacterial antigens to CD41 T cells.

This inadequate antigen presentation appears to be due in part to

TGF-b - or IL-10-mediated down-regulation of ICAM-1 expres-

sion in such macrophage populations.

We previously found that tissue levels of TNF-a , IL-10 and

TGF-b in host spleens increased in a sequential fashion during

MAC infection in mice [30]. That is, TNF-a levels rapidly

increased after MAC infection, peaked at week 2, and thereafter

gradually decreased, returning to normal levels by week 8. IL-10

levels gradually increased, reaching a peak at week 4 after

infection, and thereafter rapidly decreased. On the other hand,

TGF-b levels began to increase from week 2, peaked at week 4,

and remained high during weeks 4±8. Thus, in the case of MAC

infection in mice, TNF-a appears to cause up-regulation of

ICAM-1 expression on host splenic macrophages in the early

phase of infection. On the other hand, TGF-b and IL-10,

particularly the former cytokine, appear to cause ICAM-1 down-

regulation in host splenic macrophages in the advanced stage of

MAC infection.

In any case, the present study revealed that TGF-b and IL-10,

especially the former cytokine, play important roles in the late-

phase down-regulation of ICAM-1 expression in MAC-infected

macrophages. It is of interest to determine what kinds of

macrophage factors other than TGF-b and IL-10 play additional

roles in such a phenomenon. In our separate experiments,

macrophage ICAM-1 expression was moderately down-regulated

by prostaglandin E2 (unpublished observation). It is thus likely

that this eicosanoid is also responsible for the late-phase down-

regulation of ICAM-1 expression by MAC-infected macrophages.

Further studies are currently underway to identify such macro-

phage factors and to elucidate the molecular basis of TGF-b -

mediated ICAM-1 down-regulation.
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