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Figure 1 Lymphatic capillaries in the rat diaphragmatic pleura.
There are many blind ends (arrowheads) and valves (arrows).
Enzyme-histochemistry to 5’-nucletidase.

Scale bar = 200um
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Figure 2 Smooth muscle cells around the collecting lymphatic
vessel in the rat diaphragm. They tend to run circumferentially
at around the valves (arrowheads) and obliquely or herically be-
tween valves.

Scale bar = 50um
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Figure 3 LECs expressing LYVE-1 from the thoracic duct
of the green rat (transgenic SD rats containing fluorescent genes;
Amersham, Tokyo) cultured on an insert under a low oxygen
condition proliferate rapidly and form a lymphatic-like network.
Scale bar = 100um
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Figure 4 LECs from the rat thoracic duct cultured on a col-
lagen fiber sheet from human thoracic duct rapidly form a three-
dimensional lymphatic network.

Scale bar = 25um
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Figure 5 Developing lymphatic vessels in the rat diaphragm.
Numerous single LECs are in lines in the places where lym-
phatic vessels are expected to be formed.

L: lymphatic vessels already formed. Scale bar = 50um
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Figure 6 Schematic diagram of the rat lymph node showing
an overview of lymphatic pathways (green), arteries (red) and
veins (violet: HEVs; blue: ordinary vein) of the lymph node.
Arrows indicate the direction of fluid flow. Cross lines in sub-
capsular sinuses (SS), intermediate sinus (IS), and medullary si-
nuses (MS) indicate the networks of intraluminal reticular cells
(i.e., lymphatic endothelial cells).

F: follicle, Af: afferent lymphatic vessels, Ef: efferent lymphatic
vessels, LL: lymphatic labyrinth.
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Figure 7 Schematic of a closer view of the boxed area in Fig.
6. Thicker white arrows indicate a possible time sequence for
the uppermost lymphocyte flowing in an HEV, which subse-
quently rolls on (thinner white arrow), then adheres to the lu-
minal surface, and finally penetrates through its endothelium
to enter a lymph node parenchyma. Black arrows indicate that
lymphocytes in the lymph node parenchyma move towards the
lymphatic labyrinths and penetrate through their endothelium to
enter the labyrinths. Yellow arrows indicate lymph flow direc-
tion.
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This paper reviews the morphology of lymphatics and lymphangiogenesis in vivo, the microenvironments that pro-
mote lymphangiogenesis in vitro, and the structure and function of lymph nodes. Lymphatic capillaries consist of a
single layer of lymphatic endothelial cells (LECs) and have valves, whereas collecting lymphatics are endowed with
smooth muscle cells (SMCs) and valves in addition to a single layer of LECs. In the embryonic rat diaphragm, LECs
presumably first migrate according to interstitial fluid flow and later join to form lymphatic vessels. SMCs of the collect-
ing lymphatics are apparently differentiated from mesenchymal cells. LECs cultured on Cell Culture Inserts under a low-
oxygen condition proliferate very well and form lymphatic networks. LECs cultured on collagen fiber networks with
natural three-dimensional (3D) architecture in low oxygen rapidly form 3D lymphatic networks. The lymph node is
organized to initiate an immune response as a critical crossroad for encounter between antigen-presenting cells, antigens
from lymph, and lymphocytes recruited into nodes from the blood. The node consists of spaces lined with LECs and
parenchyma. High endothelial venules in the node strongly express Aquaporin-1, suggesting their involvement in net
absorption of water from lymph coming through afferent lymphatics. Metastasis of malignant tumors to nodes is briefly
reviewed. (J Jpn Coll Angiol, 2008, 48: 107-112)
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