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Summary. Precise assessment of blood cell kinetics in 
the pulmonary microcirculation is extremely difficult 
because pulmonary microvascular architecture contains 
arterioles, venules and capillaries in an exceedingly 
intricate and densely convoluted fashion. Conventional 
epiluminescence microscopy may not be suitable for 
investigation of blood cell kinetics in the pulmonary 
microcirculation, in which arterioles, venules and 
capillary networks are not located in the same plane. To 
overcome these impediments, we recently developed a 
real-time confocal laser luminescence microscope with a 
high-speed analysis component having the capacity to 
yield confocal-images of rapidly moving cells at a 
rate of 1,000 frameslsec and at sufficiently high 
magnification. In the current review, we will first 
introduce the details of our newly developed observation 
system constructed with a view to estimation of blood 
cell dynamics in the intraacinar microcirculation of the 
lung. Applying this novel method to isolated perfused rat 
lungs, we will secondly address the issue of whether or 
not leukocyte-endothelium interactions in the pulmonary 
microcirculation qualitatively differ from those serving 
in the systemic microcirculation. We will particularly 
shed light on possible roles of endothelial ICAM-1, 
endothelial P-selectin and leukocyte L-selectin in 
distorting leukocyte kinetics in the intraacinar micro- 
vessels under a variety of diseased conditions, including 
prolonged exposure to a hyperoxic environment 
inducing a significant upregulation of ICAM-1 as well as 
P-selectin on the pulmonary microvascular endothelium, 
and stimulation of leukocytes by an IL-8 analog causing 
downregulation of leukocyte L-selectin but inverse 
upregulation of CD18-related integrins. 
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Introduction 

The microscopic data obtained from the systemic 
microcirculation, especially from mesenteric micro- 
vessels located in a plane, suggested that leukocytes, 
particularly polymorphonuclear cells roll slowly and 
subsequently adhere along the margins of postcapillary 
venules, thus forming a physiological marginated pool of 
leukocytes in systemic venules (Artherton and Born, 
1973; Firrell and Lipowsky, 1989; Butcher, 1991). These 
vascular endothelium-leukocyte interactions have been 
considered to be elicited in connection with different 
classes of adhesion molecules in which selectin family 
induces the initial rolling and endothelial intercellular 
adhesion molecule-l (ICAM-1) together with leukocyte 
CD18-related glycoproteins subsequently mediates the 
tight adherence of leukocytes to the venular endothelium 
(sequential multistep theory) (Butcher, 1991; von 
Andrian et al., 1991; Springer, 1994). Employing non- 
confocal luminescence microscopes which had been 
utilized for assessing leukocyte kinetics in the systemic 
microcirculation, several groups of investigators (Lien et 
al., 1987, 1990; Kuebler et al., 1994; Kuhnle et al., 
1995) observed leukocyte kinetics in the pulmonary 
microvessels in which microvascular networks surround 
and conform to the shapes of alveoli. Quite un- 
expectedly, the leukocyte kinetics observed in 
pulmonary microvessels differed essentially among the 
studies done previously. The group in Munich (Kuebler 
et al., 1994; Kuhnle et al., 1995) reported that leukocytes 
labeled with rhodamin rolled not only on venular but 
also arteriolar endothelium in normal rabbit lungs. In 
addition, they showed that a large quantity of leukocytes 
adhered firmly to arterioles as well as venules, though 
their investigation involved only unstimulated 
leukocytes in intact lungs. On the other hand, Lien et al. 
(1987, 1990) demonstrated that leukocytes stained with 
fluorescein isothiocyanate (FITC) were delayed in 
neither arterioles nor venules and that site of cell 
sequestration was exclusively pulmonary capillaries. 
Applying monochromatic illumination videomicroscopy, 
Gebb et al. (1995) studied the subpleural micro- 
circulation and demonstrated that many leukocytes 




























