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Abstract

Lymphatic vessels are well known to participate in the immune response by providing the 

structural and functional support for the delivery of antigens and antigen presenting cells to 

draining lymph nodes. Recent advances have improved our understanding of how the lymphatic 

system works and how it participates to the development of immune responses. New findings 

suggest that the lymphatic system may control the ultimate immune response through a number of 

ways which include guiding antigen/dendritic cells (DC) entry into initial lymphatics at the 

periphery; promoting antigen/DC trafficking through afferent lymphatic vessels by actively 

facilitating lymph and cell movement; enabling antigen presentation in lymph nodes via a network 

of lymphatic endothelial cells and lymph node stroma cell and finally by direct lymphocytes exit 

from lymph nodes. The same mechanisms are likely also important to maintain peripheral 

tolerance. In this review we will discuss how the morphology and gene expression profile of the 

lymphatic endothelial cells in lymphatic vessels and lymph nodes provides a highly efficient 

pathway to initiate immune responses. The fundamental understanding of how lymphatic system 

participates in immune regulation will guide the research on lymphatic function in various 

diseases.

1. Overview

Lymphatic vessels have three primary roles in normal human biology. The first is to 

maintain fluid balance. Fluid that leaks from blood vessels in peripheral tissues is 

transported through lymphatic vessels and returned to the blood circulation. This is 

important for regulating the amount and the composition of fluids in circulation and within 

peripheral tissues. The second role is to absorb dietary fats in the intestine and transport 
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them back into the blood stream. The third function is to facilitate the host's immune 

defenses. Lymphatic vessels are well recognized as the channels through which antigens and 

immune cells are transported to their draining lymph nodes for immune protection. When 

infectious microorganisms invade peripheral tissues, lymphatic vessels transport the 

pathogens, or the antigen presenting cells that had engulfed the pathogens, to the lymph 

nodes. This initiates adaptive immunity that lead to production of cells and antibodies that 

will clear the pathogen and generate memory against it.

Antigens and dendritic cells (DCs) reach the draining lymph node through afferent 

lymphatic vessels; they must then enter the lymph node and migrate deep into it to activate 

T cells. Lymph nodes are enclosed in a collagen-rich capsule, which is underlined with 

lymphatic endothelial cells forming the subcapsular sinus. This structure is directly exposed 

to the incoming lymph. Lymphatic endothelial cells are also concentrated in the medullary 

area to form the medullary sinus (Figure 1A). Macrophages are closely integrated between 

lymphatic endothelial cells in both the subcapsular sinus and the medullary sinus to sample 

antigens and pathogens present in the lymph [1-3]. Notably, the lymph and cells coming 

from the afferent lymphatics also maintain peripheral immune tolerance in the lymph node, 

which depends on the DC activation status and the lymph node stromal cell self-antigen 

expression [4-6]. Thus, lymphatic vessels participate in immune response either directly, by 

controlling the antigen/DC transport to the draining lymph node or indirectly, by shaping the 

lymph node microenvironment. Lymphatic system could support immunity through i) 

antigen/DC entry into lymphatics ii) antigen/DC trafficking through afferent lymphatic 

vessels; iii) antigen presentation in lymph nodes and iv) lymphocytes exit from lymph 

nodes. We will discuss the potential roles of lymphatic endothelial cells in controlling the 

ultimate immune response. We will also discuss the involvement of these cells in shaping 

peripheral tolerance.

2. Lymphatic transport of antigen and cells to lymph node

2.1 Antigens entry into initial lymphatic vessels

The initial lymphatic vessels are composed of single layer of overlapping, oak leaf-shaped 

lymphatic endothelial cells expressing the lymphatic vessel endothelial hyaluronan receptor 

1 (LYVE-1), a typical initial lymphatic endothelial cell marker [7]. Intercellular junction 

molecules form “button” shaped junctions, with flaps constituting the primary lymphatic 

valve system (Figure 1B) [8]. Opening of these valves creates a “hole” of approximately 2–3 

μm in diameter, which allows fluid and cells to flow through when extracellular fluid 

pressure is increased. This unique structure provides highly permeable portals that allows 

quick absorption of extracellular fluid and free access of the molecules and particles less 

than 1 μm in diameter into the lymphatic vessel lumen (Figure 1C) [4]. Thus, infectious 

pathogens, such as bacteria and virus particles, could directly enter lymphatic vessels via 

these portals. The collected lymph is composed of interstitial fluid from the surrounding 

tissue and contains a pool of self-antigens resulting from homeostatic tissue metabolism and 

cell turn over [9]. The self-antigens from the lymph may partially activate DCs and these 

semi-activated DCs play important roles in maintaining peripheral tolerance [10].
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2.2 Cell entry into initial lymphatic vessels

DCs are known to be the most potent antigen presenting cells. The peripheral DCs are 

constantly migrating to the draining lymph node during tissue steady state, carrying self-

antigen to maintain peripheral tolerance. They do so by causing self-reactive T cells anergy 

or clonal depletion [10]. It is estimated that approximately 5% of DCs in lymph nodes are 

derived from skin during steady state [11]. Upon activation, DCs quickly sample and 

process foreign antigens, increase expression of co-stimulatory molecules and CCR7 and 

strikingly accelerate their migration speed towards lymphatic vessels. DC migration through 

the interstitial area is integrin independent and relies on ameboid movement under 

chemotaxis of CCL21 [12]. CCL21, the CCR7 ligand, is expressed by lymphatic endothelial 

cells. CCL21 exhibits cluster pattern on lymphatic endothelial cell and attract DCs migration 

[13]. Once DCs reach a lymphatic vessel, they seek the endothelial cell portals (Figure 1C), 

dock on lymphatic by interacting with CCL21 and squeeze through the portal into the 

lymphatic vessel lumen without any involvement of proteolysis or integrin interaction [12, 

14]. The initial lymphatic vessels are critically required for migration of tissue DCs to the 

draining lymph node, and their absence leads to a deficient induction of immune response or 

tolerance [15]. However, even a very low density of initial lymphatic vessels is sufficient for 

DCs to efficiently traffic to the draining lymph node [16].

In addition to DCs, a population of effector-memory T cells also circulates from peripheral 

tissue to the draining lymph node. While tissue resident memory T cells lack CCR7 

expression, the migrating memory T cells express it and enter lymphatic vessels, likely using 

the same cues as DCs [17, 18]. However, it is not clear how CCR7 expression is induced in 

the migrating memory T cells. Neutrophils can also enter lymphatic vessels, the mechanism 

of neutrophil trafficking in lymphatic vessel remains to be clarified [19-21]. Although CCR7 

was shown to be involved in neutrophil entry to lymphatic vessels [19], another study 

claimed that neutrophils rely on macrophage-1 Ag, LFA-1, CXCR4 and sphingosine-1-

phosphate receptor 4 for lymphatic trafficking but not on CCR7 [20]. This area of research 

has gained more attention in the past several years.

2.3 Antigen and cell trafficking through afferent lymphatic vessels

Initial lymphatic vessels merge into pre-collecting and collecting lymphatic vessels while 

extending to draining lymph node. In collecting lymphatic vessels, junction molecules 

transit to a continuous “Zipper” pattern, thus dramatically reducing permeability to 

peripheral fluid (Figure 1B) [8]. Collecting lymphatic vessels gradually loose LYVE-1 

expression, gain continuous basement membrane and acquire smooth muscle cell coverage. 

These morphological changes also contribute to the reduced permeability of collecting 

lymphatic vessels. It is obvious that this vessel morphology favors transport of lymph and 

cells rather than material collection from the surroundings However, it is not clear if 

antigens or cells are able to directly enter collecting lymphatic vessels from peripheral 

tissue. Collecting lymphatic vessels possess luminal valves, which are strategically 

distributed to prevent back flow, favoring lymph and cell movement towards lymph nodes 

(Figure 1B). The vessel sections spanning between two valves is called lymphangion. The 

lymphangions along the large collecting lymphatic vessels display phasic contractions 

(lymphatic pumping), which drive lymph transport [22].

Liao et al. Page 3

Semin Cell Dev Biol. Author manuscript; available in PMC 2016 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Soluble molecules, solid particles and cells traveling through the lymphatic vessels are 

considered to be passively carried with the lymph to the lymph node sinus. Surprisingly, 

once they transmigrate into the lymphatic vessel lumen, DCs are found to actively crawl 

along the initial lymphatic vessel wall. This DC crawling appears to be random and 

sometimes even opposite to the direction of the lymph [13, 23]. Eventually, DCs detach 

from the vessel wall, round up and sweep into collecting lymphatic vessels (Figure 1C) [13, 

23]. It is not yet clear why DCs linger around the initial lymphatic vessels or how they 

detach from the lymphatic endothelial cells. One possibility is that while they move deeper 

into the collecting lymphatic vessels, DCs are flushed away from the vessel wall by the 

higher lymph flow. It could also be because the CCL21 that attracts DCs docking on the 

vessel is diluted by the faster lymph flow in the collecting lymphatic vessels. Another 

speculation could be that collecting lymphatic vessels have different adhesion molecule or 

chemokine expression profile that favor DCs detachment. DCs may also change their gene 

expression during their random movement and eventually detach from the lymphatic 

endothelial wall. However, we observed that even when exposed to higher lymph flow rate 

driven by the rhythmical lymphatic pumping, some DCs still tether to the lymphatic vessel 

wall (S. Liao, unpublished observation). Thus, DC intralymphatic migration may be more 

actively regulated than previously thought and further investigations are needed to have a 

deeper understanding of this process.

3. Antigen presentation in lymph node

3.1 Migrating DCs

Once soluble molecules, particles and cells reach the lymph node subcapsular sinus from 

afferent collecting lymphatic vessels, a number of complex steps take place in order to 

efficiently present antigen and induce adaptive immune responses. First, when entering 

lymph node subcapsular sinus, the DCs need to transmigrate across the lymphatic 

endothelial cell layer to reach the lymph node T cell zone. The lymph node lymphatic 

endothelial cells are known to express CCL1, which binds to CCR8 on DCs [24, 25]. The 

migration of DCs from the subcapsular sinus to the lymph node paranchyma mainly relies 

on chemokines CCL21 and CCL19 (another ligand of CCR7) expressed by lymph node 

fibroblastic reticular cells and high endothelial venule cells (Figure 1A) [26, 27]. The 

CCL21 and CCL19 gradients are finely regulated in the subcapsular sinus by CCRL1, which 

has been recently shown to scavenge the two chemokines CCL21/CCL19 in the sinus 

lumen, thereby shaping the functional chemokine gradient across the subcapsular sinus and 

guiding DCs entering the lymph nodes [28]. The migrating DCs eventually concentrate in 

the T-cell zone and survey the circulating naïve T cells. Unlike DCs, when naïve T cells are 

experimentally injected directly into lymphatic vessels, they preferentially concentrate at the 

lymph node medullary sinus and further transmigrate through the lymphatic endothelial cell 

layer into the lymph node parachyma. Similar to DCs, this migration towards the lymph 

node paracortex depends on CCR7-CCL21/CCL19 chemotaxis [29]. The difference between 

DC and T cell transmigration in the lymph node sinus may be due to differences in the 

structure (tightly lined by collagen, lymphatic endothelial cells, macrophages and other 

innate lymphocytes) of the subcapsular and medullary sinuses. However this area requires 

further study.
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3.2 Small antigens

The free form antigens (soluble factors, molecular weight <70 KDa or diameter <4 nm) 

from the incoming lymph travel quickly along the lymph node conduit system (Figure 1A). 

The conduit system extends from the sinus throughout the lymph node, providing a 

supporting structure and more importantly an efficient route to deliver small antigens deep 

into lymph node parenchyma (Figure 2) [30]. The conduits consist of collagen bundles, 

fibrillins and basement membrane components surrounded by fibroblastic reticular cells in 

the paracortex zone [30, 31]. The population of lymph node resident DCs which are in direct 

contact with the conduits quickly uptake and process antigens [30, 32]. The conduits also 

facilitate small molecule delivery into the B cell zone [33] and access of lymph borne 

factors, such as chemokines, inflammatory cytokines, to the T cell and B cell zone [30, 34].

3.3 Large antigens

The larger antigens or solid particles (molecular weight >70 KDa or diameter >4 nm), 

including infectious agents such as bacteria and virus particles, are excluded from the 

conduits. Instead, they flow into the lymph node sinus where they are sampled by the 

macrophages that bathe in the incoming lymph. Lymph node sinus macrophages (Figure 3) 

have gained more attention in the past several years because of their unique distribution in 

lymph nodes and their function of capturing antigens and preventing systemic spread of 

pathogens [35, 36]. Macrophages are concentrated at the lymphatic endothelial cell area in 

the lymph node. According to their relative position along the lymph node lymphatic 

network, they can be divided into two subpopulations, the subcapsular sinus macrophages 

(SSM) and the medullary sinus macrophages (MSM).

While these cells are extremely difficult to distinguish in single cell suspensions, they are 

relatively easy to be identified in tissue sections after staining with specific markers [2]. 

Both SSMs and MSMs express CD11b and CD169. While SSMs do not express F4/80, 

SIGN-R1 or mannose receptor, MSMs are positive for these markers. Given their location in 

the lymph node sinus, SSMs and MSMs are directly exposed to the incoming lymph and 

thus are in the front line to capture lymph borne antigens. MSMs are more potent in 

phagocytosis and express higher endosomal degradation enzymes, while SSMs are more 

susceptible to virus [36, 37]. SSMs squeeze between subcapsular lymphatic endothelial 

cells, with their “head” facing the sinus and a “tail” extending into the lymph node cortex. 

Upon activation, SSMs quickly release prestored IL-18 and activate innate effector 

lymphoid cells, such as NK cell or γδ T cells to express IFNγ. The quick response of sinus 

macrophages provides the first layer of immune defense and prevents systemic spread of 

infectious pathogens [35]. Furthermore, macrophages capture the antigen and shuttle them to 

B cells in the underlying follicles to initiate adaptive immune response [33, 38, 39].

4. Lymphocyte egress from lymph nodes

After travelling through the lymph node, lymph enters efferent lymphatic vessels, flows 

through the downstream lymph node(s) and eventually returns to the blood circulation via 

the subclavian veins. Lymphocytes enter lymph node via high endothelial venule cells and 

move to T cell or B cell areas. After immune surveillance, the naïve T cells as well as the 
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antigen-activated effector or memory cells also exit the lymph node via efferent lymphatics, 

returning to the blood circulation and eventually travelling to the inflammatory sites. 

Immune cell egress from lymph node depends on sphingosine-1-phosphate (S1P) expressed 

by lymphatic endothelial cells [40]. Lymphocytes recirculate in blood and lymphoid organs. 

Upon activation, the egress of lymphocytes is transiently blocked to increase naïve 

lymphocyte retention. The blockade depends on T cell up-regulation of CD69. The egress of 

cells occurs at the cortex sinus, which is composed of the blind end of lymphatic endothelial 

cells at the lymph node interfollicular area [41].

5. Lymphatic endothelial cells and peripheral tolerance

In the past several years, accumulating evidences show that lymphatic endothelial cells 

express peripheral tissue antigens, suggesting that they directly participate in immune 

regulation [5, 42, 43]. Lymphatic endothelial cells line up the lymph node sinus and are 

exposed to the incoming lymph. Lymph contains peripheral self-antigens released from 

tissue homeostatic turn over and metabolism as well as foreign antigens. Lymphatic 

endothelial cells express MHC class I and II molecules [44-46], which confer them the 

ability to potentially function as antigen presenting cells. Thanks to this antigen presenting 

machinery, lymphatic endothelial cells, together with lymph node stroma cells, such as 

fibroblastic reticular cells, may scavenge antigens and cross present them to self-reactive 

CD8 T cells, causing clonal depletion [44, 46, 47] rather than T cell activation at steady state 

[48, 49]. The tolerogenic property of lymphatic endothelial expression and self-antigen 

presentation is restricted to the lymph node, and depends on LTβR signaling [50]. Similar to 

semi-activated DCs, lymphatic endothelial cells cause peripheral tolerance by presenting 

self-antigen with suboptimal co-stimulatory molecules and high level of programmed cell 

death 1 ligand 1 (PD-L1) [45, 51].

6. Lymphangiogenesis and immune regulation

The growth of lymphatic vessels, termed as lymphangiogenesis, is frequently observed in 

inflammatory diseases and cancer progression. The expanding lymphatic network 

presumably provides larger surface area for fluid or cell entry to the lymphatic vessels. 

However, the role of lymphangiogenesis in regulating the transport of lymph or cells 

remains unclear.

6.1 Lymphangiogenesis

Lymphangiogenesis occurs in tissue but also in the lymph nodes during inflammation and 

cancer progression. Factors inducing lymphangiogenesis have been well studied in the past 

several years. Secreted growth factors, vascular endothelial growth factors (VEGFs) A, C 

and D can induce lymphatic endothelial cell sprouting and proliferation leading to 

remodeling of the existing lymphatic vessels [52]. Macrophages contribute largely to tissue 

and cancer lymphangiogenesis mainly via two pathways: by secreting pro-lymphangiogenic 

factors and by trans-differentiating into lymphatic endothelial cells [53, 54]. However, the 

direct trans-differentiation of macrophages into lymphatic endothelial cells requires further 

study, because it is challenging to determine whether macrophages, which also express the 

lymphatic endothelial cell marker LYVE-1, are intimately interacting with lymphatic vessels 
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or in fact trans-differentiate into the lymphatic endothelial cells. Using macrophage deficient 

mouse models, it has been determined that lymphatic progenitor cells are independent of 

macrophages, further challenging the trans-differentiation hypothesis [55]. Nevertheless, it 

is well accepted that macrophages contribute to lymphangiogenesis via secretion of growth 

factors [54, 56-58]. B cells also contribute to lymphangiogenesis by expressing VEGFA, 

while activated T cells suppress lymphangiogenesis via induction of IFNγ [59, 60].

6.2 Lymphangiogenesis and lymphatic transport

Lymphatic vessels are under active remodeling in diseases. In these conditions, lymphatic 

drainage of fluid and cells may change if lymphangiogenesis occurs in peripheral tissues or 

if contractility/drainage is compromised in collecting lymphatics. The functional 

consequences of lymphangiogenesis occurring in pathological conditions are not clear. 

During lymphangiogenesis, new lymphatic vessels have larger diameters [61, 62] and 

display a “Zipper” junction pattern rather than the “button”-like shape characteristic of 

initial vessels [63]. This structural modification appears to reduce lymphatic vessel 

permeability to interstitial fluid and materials and is likely to affect fluid and cell access to 

the lymphatic lumen. However, whether and how this is achieved remains unclear.

Inflammation also alters the contractile function of the lymphatic collecting vessels. Studies 

in rats, guinea pigs and mice have shown that lymphatic pumping is strongly inhibited 

during inflammation [62, 64-67]. In these situations, proinflammatory cytokines induce the 

production and release of vasoactive substances (such as nitric oxide and prostaglandins) 

from inflammatory cells or lymphatic vessels themselves. These secreted vasoactive 

substances can inhibit lymphatic muscle contraction and dilate the vessels. Furthermore, 

cytokines may also increase permeability of lymphatic vessels [68] and allow lymph to leak 

out hence, compromising lymph drainage.

Presumably, decreasing lymphatic pumping would reduce lymph flow. However, lymph 

flow is determined by a combination of lymph production and active and passive forces. |

The lymph flow velocity and pattern requires further measurement when lymphatic pumping 

is suppressed during inflammation or cancer. Increased fluid leakage from blood vessels 

may increase tissue fluid pressure, which forces lymphatic vessels to open up and the fluid 

to be pushed through without the need of phasic contractions. On the other hand, the 

lymphatic valves may not efficiently prevent back flow in disease states. Thus, changes of 

pumping may alter the lymphatic velocity and flow pattern. The overall lymph flow velocity 

has been shown to be reduced when lymphatic pumping is suppressed in old TNF-Tg mice 

that serve as a chronic rheumatoid arthritis model [69]. Whether and how these changes 

affect antigen and cell intralymphatic trafficking during lymphangiogenesis remains to be 

clarified.

6.3 Lymphatic remodeling and immune regulation

It is getting clearer that the ultimate immune function depends on lymph node 

microenvironment, which controls the balance of peripheral tolerance and initiation of 

protective immune defense. Although it is clear that lymphatic vessels undergo dramatic 

remodeling during inflammation and in cancer metastasis, an understanding of how these 
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changes affect immune function is still lacking. A study showed that complete Freud's 

adjuvant injection in the mouse footpad increases lymphangiogenesis in draining lymph 

nodes within 3 days, and increased antigen specific T cell responses [59]. However, CD19 B 

cells driven overexpression of VEGFA in lymph node reduce the T cell response to 

ovalbumin or LPS despite artificial increase of lymphatic vessel density in lymph node [70]. 

On the other hand, during oxazolone-induced lymphangiogenesis, the T cell response is 

transiently reduced until both tissue and lymph node lymphangiogenesis occurred at day 7 

[1, 62]. Lymphatic endothelial cells in tumor draining lymph node may scavenge tumor 

antigen and cause antigen specific T cell apoptosis [48]. Thus the regulation of 

lymphangiogenesis and T cell responses may be controlled in a more complex way.

Lymphatic endothelial cells guide each step of the antigen/DCs entry into the lymph node to 

efficiently initiate adaptive immune responses as discussed above. Thus, interruption of any 

step of lymphatic trafficking may result in skewed immune responses. Moreover, lymphatics 

play direct roles in lymph node immune function. Soluble factors and cells draining from the 

afferent lymph are required to maintain the homeostasis of lymph node architecture. 

Compromised lymph drainage quickly destroys lymph node's high endothelial venule gene 

expression profile that is crucial for naïve lymphocytes homing, as well as the lymph node 

chemokine and cytokine expression. A known consequence of this is the disruption of 

lymph node cell compartmentalization and macrophage distribution and survival [71-73]. 

DCs from lymph help to maintain high endothelial venule function and T cell homeostasis 

via lymphotoxin-β receptor (LTbR) signaling [74, 75]. Thus, lymph borne factors and cells 

maintain the lymph node microenvironment for initiating adaptive immune responses. 

Besides attracting DC and T cells via expression of CCL21, lymphatic endothelial cells 

express chemokine decoy receptor D6, which scavenges inflammatory chemokine CCL2 

and CCL5, decreasing their functional level, thus to prevent inappropriate cell adhesion in 

lymphatic vessels during inflammation [76, 77].

Considering that lymphatic endothelial cells express self-antigen and cause self-reactive T 

cell tolerance, immune regulation by lymphangiogenesis may be involved in each step of the 

initiation of T cell response. A fine tuned immune function should generate an effective 

immune response to foreign antigens, but should not overly damage surrounding tissues. 

Lymphatic endothelial cells play important roles in suppressing T cell responses in 

inflammation. Inflamed lymphatic endothelial cells suppress DC maturation, induce TGFβ 

or indoleamine 2,3-dioxygenase expression and thus further prevent T cell proliferation [78, 

79]. The activated T cells release IFNγ and TNFα, inflammatory cytokines, which act upon 

lymphatic endothelial cells and fibroblastic reticular cells to induce iNOS expression to 

inhibit further T cell proliferation [80]. With recent technological breakthroughs and our 

improved understanding of lymphatic functions, the perspective of studying the involvement 

of lymphatic remodeling during the initiation steps of immune responses and immune 

regulation seems achievable.

7. Conclusion

Lymphatic vessels serve as the channels sending peripheral antigens and immune cells to the 

draining lymph nodes to initiate proper immunity. During steady state, lymph nodes 
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maintain peripheral tolerance. Upon activation, lymph nodes quickly initiate protective 

adaptive immunity to produce antibody, cytotoxic immune cells and memory against the 

invading foreign antigens. In the past several years, with the improvement of our knowledge 

on the mechanisms whereby an immune response is initiated during an acute infection or 

inflammation, we have a better appreciation of the role of the lymphatic system in this 

process and how it controls each step of the antigen/immune cell migration from the 

periphery to the draining lymph node, and how it regulates the interaction between antigen 

presenting cells and T cells. However, important questions such as how lymphangiogenesis 

and lymphatic pumping affect lymph flow and antigen/antigen presenting cells interaction 

and migration in lymph node during chronic inflammation and cancer progression still 

remain to be answered.
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Figure 1. Initial lymphatic vessels, collecting lymphatic vessels and the draining lymph node
A. Schematic figure of lymphatic system, including initial lymphatic vessels, collecting 

lymphatic vessel and the draining lymph node. Within the lymph node, fibroblastic reticular 

cells and high endothelial cells express CCL21 and CCL19 to attract T cells and dendritic 

cells at the paracortex area of lymph node. The lymph node conduit system, composed of 

collagen fibers, forms a scaffold to support lymph node architecture and facilitate quick 

fluid trafficking within the lymph node.

B. Initial lymphatic vessel and collecting lymphatic vessel. The initial lymphatic vessels 

have oak-leaves shaped cell junctions (Button pattern). Collecting lymphatics have 

continuous junction molecules and basement membrane and organized smooth muscle cell 

coverage. Organized smooth muscle coverage in collecting lymphatics allows phasic 

lymphatic contractions to propel lymph through lymphatic vessels.

C. The button shaped cell junction form lymphatic portals between lymphatic endothelial 

cells, which allows easy access of fluid and cells. Chemokine CCL21 expressed on 

lymphatic endothelial cell attract cells to lymphatic vessels and facilitate cell trans-

lymphatic endothelial cell migration.
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Figure 2. Lymph node conduit system
Multiphoton microscopy and 3D re-construction images of second harmonic generation, to 

reveal collagen distribution in lymph node. Collagen forms a dense capsule that surrounds 

LN and extends into LN to form LN conduit. The 3D side view shows the LN conduits 

extending from LN capsule. The 3D inside view shows in detail the LN conduits arising 

from LN capsule.
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Figure 3. Lymph node macrophages
A. Schematic illustration of the lymph node macrophages. SSM: subcapsular sinus 

macrophage; MSM: medullary sinus macrophages.

B. The close interaction between lymphatic endothelial cells and lymph node macrophages 

illustrated by immune fluorescent staining with Lyve-1 (Green) and CD169 (Red).
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