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Abstract

Blood monocytes and tissue macrophages derived from monocyte differentiation in tissues are central elements of innate immunity in host

defense against numerous pathogens and other challenges. These mononuclear phagocytes also participate in wound healing and normal

tissue remodeling in development and growth. Pathological perversion of their physiological roles leads to participation of mononuclear

phagocytes in fibrosing diseases including granulomatous disorders, chronic inflammation typical of arthritis, and atherosclerosis.

Lysophospholipids, including lysophosphatidic acid (LPA) and sphingosine 1-phosphate (S1P), are platelet-derived lipid growth factors

considered to participate in leukocyte differentiation and activation. This section summarizes our recent observations of the effects of

lysophospholipids on mononuclear phagocytes. D 2002 Elsevier Science B.V. All rights reserved.
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1. Development and functions of mononuclear

phagocytes

The development of mature tissue macrophages proceeds

through four distinct cell stages, designated monoblasts,

promonocytes, monocytes and macrophages, which are

defined by their specific cell surface markers and endoge-

nous peroxidatic activity [1,2]. The bone marrow-derived

monoblasts and promonocytes are precursors of monocytes.

Mature monocytes, which represent about 5% of white

blood cells, are released from bone marrow and are main-

tained in the circulation for up to 3 days. Those that enter

tissue from the vasculature differentiate into macrophages

and contribute to a variety of normal processes, such as

presentation of antigen to immune cells, phagocytosis and

clearing of foreign microorganisms, and tissue remodeling

during wound healing [3,4]. Tissue macrophages also

participate in many pathological conditions, such as athero-

sclerosis [5], chronic inflammation and cancer [6]. Effects

of macrophages are mediated in part by multiple growth

factors, which are secreted by activated macrophages [7].

The effects of macrophage-secreted growth factors on

adjacent tissues targets, such as endothelial and smooth

muscle cells, and the effects of mediators subsequently

secreted by target cells on monocytes and macrophages,

are one current focus of atherosclerosis and inflammation

research.

2. Pathological significance of lysophosphol ipids on

wound healing and atherosclerosis

Lysophosphatidic acid (LPA) and sphingosine 1-phos-

phate (S1P) are lysophospholipid growth factors, which are

generated from multiple cellular sources, of which platelets

[8–10], cancer cells [11] and adipose tissues [12] are the

most prominent. They bind to G protein-coupled receptors

(GPCRs) of the Edg family, evoking multiple cellular re-

sponses, including proliferation and reorganization of cyto-

skeletal structure (for review, see Ref. [13]). Edg receptors

are highly homologous in structure with each other, but

differ in ligand specificity and signaling pathways. To date,

three LPA-binding receptors and five S1P-binding receptors

have been identified in mice, rats and humans.

LPA and S1P have been reported to advance wound-

healing processes both in vitro and in vivo [14,15], and the

monocyte–macrophage system is essential for this process.

Increased vascular levels of oxidized LDL molecules and
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LPA have been observed to coincide with the development

of atherosclerotic lesions [16–18]. Furthermore, abnormal

interactions between monocytes and endothelial cells have

been suggested to be one of the early events in the

accumulation of oxidized LDL and LPA, and the generation

of the atherosclerotic plaque [19,20]. LPA and S1P are

capable of modulating the expression patterns of vascular

adhesion molecules, including ELAM and VECAM, by

endothelial cells [21–23]. The expression of these adhesion

molecules is essential for the recruitment of circulating

platelets and leukocytes to the endotheliumin atherosclero-

sis, as well as during inflammation and immune responses.

Several groups had reported the effects of LPA and S1P on

leukocyte interactions with the endothelium. In one study,

S1P inhibited neutrophil–endothelial cell interaction and

subsequent neutrophil invasion [24], while in another report

[23], LPA enhanced HL60 cell adherence to human aortic

endothelial cells. Apparent diversity of LPA and S1P effects

may be attributed to the use of different leukocytes and

endothelial cell types. These observations suggest that the

effects of LPLs on the monocyte–macrophage system might

be important during wound healing and formation of athe-

rosclerosis. However, only few reports have been published

describing the effects of LPA and S1P on the monocyte–

macrophage system [25–27].

3. Edg receptors expressed on mononuclear phagocytes

In our laboratory, we are interested in investigating the

roles of LPA and S1P in cells of the mononuclear leukocyte

lineage. By traditional RT-PCR and fluorometric-based

kinetic RT-PCR, we identified the expression profiles of

Edg receptors in freshly isolated human monocytes and

mouse peritoneal macrophages. Human blood monocytes

express Edg 2, 3, and 5 but not 1 or 4. Mouse macrophages

express Edg 1, 2 and 5 but not 3, 4, 6, 7 or 8. J774A.1 cell, a

mouse macrophage cell line frequently used in related stud-

ies, also expressed Edg receptors as detected by RT-PCR. In a

recent publication, Hornuß et. al. [27] showed that Edg

receptors are expressed in rat and human alveolar macro-

phages, but the expression was in a distinct pattern (Table 1).

These results suggest that receptors for both LPA and S1P are

expressed on monocytes andmacrophages, which are distinct

Table 1

Expression patterns of Edg receptors in monocytes and macrophages isolated from different origins

Edg 1 S1P1 Edg 2 LPA1 Edg 3 S1P3 Edg 4 LPA2 Edg 5 S1P2 Edg 6 S1P4 Edg 7 LPA3 Edg 8 S1P5

Human peripheral monocyte + + + N.D. N.D. N.D. this report

Mouse peritoneal macrophage + + + this report

Rat alveolar macrophage + + + Ref. [27]

Human alveolar macrophage + + + + Ref. [27]

J774 Mouse macrophage + + + + N.D. N.D. this report

Note: N.D. = not determined.

Table 2

LPA and S1P effects on cytokine gene expression by mouse peritoneal

macrophage

Interleukin-1h Interleukin-2 TNF a GAPDH

Control + +++ + +++

LPA ++ + +++ +++

S1P +++ + +++ +++

Note: + =weak signals; ++ = intermediate signals; +++= strong signals.

Fig. 1. Enhancement of IL-1h and TNF a secretion from mouse peritoneal

macrophages by LPA and S1P. Conditioned media from control or 10 AM
LPA- or S1P-treated mouse peritoneal macrophages were analyzed by

ELISA recognizing mouse IL-1h (upper panel) and TNF a (lower panel).

Data are presented as meanF S.E. and analyzed by one-way ANOVA

followed by Fisher’s protected least-significant differences test (n= 4;

*P < 0.05).
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from profiles of expression of Edg receptors by T and B

lymphocyte [28,29].

4. Macrophage-genes regulated by LPA and S1P

Since receptors for LPA and S1P are expressed on mono-

cytes and macrophages, we examined LPA- and S1P-induced

gene modulation in macrophages by DNA array technology.

As indicated in Table 2, we found that IL-1h and TNF-a

genetic messages are both up-regulated, whereas IL-2 mes-

sage expression was inhibited by LPA and S1P in freshly

isolated mouse peritoneal macrophages. We further con-

firmed our observations by determining the levels of secreted

IL-1h and TNF-a in LPL-treated macrophage conditioned

media by ELISA (Fig. 1). J774A.1 mouse macrophages also

responded to LPLs with enhancement of both IL-1h and

TNF-a mRNA expression as detected by RT-PCR (Fig. 2).

Both IL-1h and TNF-a are cytokines that regulate blood

vessel environment and, specifically, endothelial cell physi-

ology. IL-1h and TNF-a also participate in a self-augmenta-

tion induction mechanism [30], which allows a positive

feedback mechanism to amplify the effects of these cytokines

within a local milieu. Furthermore, TNF-a directly and

potently stimulates sphingosine kinase activity in HUVEC,

which induces the generation of S1P that further enhances

endothelial and macrophage functions [21]. These results

suggest that LPA and S1P are important regulators of inter-

actions between endothelial cells and mononuclear phago-

cytes, and might play an important role in regulation of

wound healing and generation of atherosclerosis.
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Fig. 2. Effects of LPA and S1P on IL-1h and TNF a mRNA levels in

J774A.1 mouse macrophages. mRNA isolated from control or 1 AM LPA-

or S1P-treated J774A.1 cells were analyzed by RT-PCR using primer-sets

specific for IL-1h (upper lanes), TNF a (middle lanes) and GAPDH (lower

lanes).
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