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INTRODUCTION

The lymphatic system maintains tissue fluid homeostasis 

through re-absorption of interstitial fluid.1-7 It also regulates in-

flammatory responses by directing traffic of immune cells via ex-

pressing chemokines/chemokine receptors.3-7 Alcohol is a fre-

quently abused substance that can permeate nearly all tissues in 

the body.8 Excessive alcohol consumption causes a loss of barrier 

function of the intestine, leading to translocation of pathogens 

containing pathogen-associated molecular patterns (PAMPs) to 

the portal circulation and inducing hepatic inflammation (Fig. 1).9

Alcohol remains a major cause of liver disease world-wide. Al-

coholic liver disease (ALD) encompasses a spectrum of injury, 

ranging from simple steatosis to frank cirrhosis. Fatty liver devel-

ops in about 90% of individuals who drink more than 60 g/day of 

alcohol. A subset of patients with ALD develops severe alcoholic 

hepatitis (AH) with a substantially poor prognosis.10 Control of in-

flammation is an obvious therapeutic focus for the treatment of 

AH. Hepatic lymphatics could represent therapeutic targets of 

ALD/AH, because they are highly involved in regulation of inflam-

matory responses by draining extravasated fluid, antigens, inflam-

matory mediators, and antigen-presenting cells from the periph-

ery to lymph nodes and are thought to facilitate resolution of 

tissue inflammation.2-7 However, the role of lymphatics in the 

pathogenesis of alcohol-related disease has not adequately been 

studied.

In this review article, we first summarize current knowledge of 

the lymphatic system in health and disease. Second, we introduce 

some studies that investigated effects of alcohol abuse on the 

lymphatic system. Third, we address the lymphatic system in the 

liver in normal and pathological conditions, which includes the 

potential role of hepatic lymphatics in the pathogenesis of ALD. 

Fourth, we will conclude with a discussion on the therapeutic po-

tential of hepatic lymphatics for the treatment of ALD.
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THE LYMPHATIC SYSTEM IN HEALTH AND DIS-
EASE

The lymphatic system has two primary functions, interstitial flu-

id balance and immune cell surveillance.1-7 It maintains interstitial 

fluid balance by shifting fluid from the periphery to lymph nodes 

through lymphatic vessels. Interstitial fluid is initially collected by 

lymphatic capillaries (initial lymphatics) and transported to col-

lecting lymphatics in the form of lymph.1-3,5-7 Lymph eventually 

runs to the two lymph ducts, the right lymph duct and the thorac-

ic duct, where it is returned to the blood circulation via the sub-

clavian veins.3,6,7

Lymphatic capillaries are terminal lymphatics with blind-ended 

structure and serve as a site of fluid exchange, similar to blood 

capillaries. They are 35–70 μm in diameter and form intercon-

nected networks. Lymphatic capillaries are lined by a single layer 

of lymphatic endothelial cells (LECs) with lack of a continuous 

basement membrane and are highly permeable with discontinu-

ous “button-like” junctions through which interstitial fluid, mac-

romolecules and immune cells can be transported.1-3,5-7 Lymphatic 

vessel markers are generally those specific to LECs, including 

LYVE-1, podoplanin, Prox1, and vascular endothelial growth factor 

receptor (VEGFR)-3.1,3-7 LYVE-1, Prox1, and VEGFR-3 are highly ex-

pressed in lymphatic capillaries but low in collecting lymphatics, 

while expression of podoplanin is persistent throughout the lym-

phatic network.7

In the postnatal stage, lymphatic vessels are usually quiescent, 

and lymphangiogenesis (formation of new lymphatic vessels from 

existing vessels) generally occurs in pathologic conditions such as 

tissue repair, inflammation, and tumor-related conditions,2,3,5-7 

similar to angiogenesis. Many cytokines and growth factors coop-

erate in the development and maintenance of lymphatic vessels. 

The major pro-lymphangiogenic factor is vascular endothelial 

growth factor (VEGF)-C. Cell signaling via VEGF-C or D and their 

receptor, VEGFR-3, is the best-studied pathway for lymphangio-

genesis.2,3,5-7

Lymphatic vessels are heavily involved in regulation of inflam-

matory responses by discharging extravasated fluid, antigens, in-

flammatory mediators, and antigen-presenting cells from the pe-

riphery to lymph nodes, where immune responses are taking 

Figure 1. Hepatic lymphatics in alcoholic liver disease. Interstitial fluid in the space of Disse flows through the space of Mall into the interstitium of the 
portal tract and then into initial lymphatics. Lymphatics are involved in regulation of inflammatory responses by draining interstitial fluid, inflammatory 
mediators and immune cells from the liver. Excessive alcohol consumption causes a loss of barrier function of the intestine, leading to translocation of 
PAMPs including microbes and microbial products to the portal circulation. In addition, alcohol and its metabolites induce hepatocyte cell death, re-
sulting in the release of DAMPs in the liver. Both PAMPs and DAMPs activate multiple cell types, including immune cells, hepatocytes, Kupffer cells, 
HSCs and LSECs, to release inflammatory chemokines and cytokines. Promoting lymphangiogenesis may mitigate inflammation by enhancing dis-
charge of these inflammatory mediators. LSEC, liver sinusoidal endothelial cell; LEC, lymphatic endothelial cell; HSC, hepatic stellate cell; DAMPs, dam-
age-associated molecular patterns; PAMPs, pathogen-associated molecular patterns; LPS, lipopolysaccharide; LV, lymphatic vessel; HA, hepatic artery.
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place. They also help to clear other types of leukocytes from sites 

of inflammation. Further, LECs of lymphatic vessels attract acti-

vated dendritic cells, T cells, and B cells that express CCR7 and 

CCR10 by secreting the ligands for these receptors, CCL21 and 

CCL27.3-7 In addition, LECs express a chemokine receptor D6, 

which internalizes and degrades inflammatory beta-chemokines, 

thereby reducing recruitment of monocytes and T cells to inflamed 

tissues.11 Furthermore, LECs have been shown to secrete immuno-

suppressive agents such as transforming growth factor-β1.12 LECs 

in lymph nodes also exhibit high levels of programmed death-li-

gand 1 (PD-L1), a T cell inhibitory receptor ligand, and lack co-

stimulatory signals, thus attenuating T cell activation and inducing 

peripheral tolerance.13

Lymphangiogenesis is thought to be a beneficial event for tissue 

repair and clearing inflammation. It can increase collection of in-

terstitial fluid and migration of inflammatory cells out of affected 

tissues, interfere with recruitment of inflammatory cells, and en-

hance clearance of antigens and proinflammatory mediators, 

leading to mitigation of inflammation.14-18

ALCOHOL USE DISORDER AND THE LYMPHAT-
IC SYSTEM

There are only a small number of studies that have investigated 

the effect of alcohol on the functions of the lymphatic system. 

However, their results strongly support a role for the lymphatic 

system in the pathogenesis of ALD. Studies using rats have shown 

a significantly increased mesenteric lymph flow when ethanol di-

ets were administered intragastrically as a bolus or as a continu-

ous infusion into the duodenum.19,20 Alcohol can reduce the barri-

er function of vascular endothelial cells, which increases permeability 

of the mesenteric microcirculation. This could lead to fluid accu-

mulation in interstitial spaces of mesenteric tissues and increased 

drainage to lymphatics. It has also been reported that alcohol dis-

rupts a tight junction protein, VE-cadherin, in human umbilical 

vein endothelial cells and that alcohol feeding significantly in-

creases FITC-albumin extravasation from the mesenteric microcir-

culation in rats.21

Other studies using rats have shown that acute alcohol intoxica-

tion and chronic alcohol administration increase mesenteric lym-

phatic permeability and lymphatic leakage to perilymphatic tis-

sues.22,23 Lymphatic leakage to the perilymphatic adipose tissue 

causes local inflammation, as indicated by elevated proinflamma-

tory cytokine expression and neutrophil density in this tissue.23 

Generally, it is considered that lymphatic drainage from sites of 

inflammation reduces inflammation. Under excessive alcohol ex-

posure, however, the drainage function of lymphatics may be-

come inadequate, and perilymphatic tissue leakage seems to re-

sult. Preventing lymphatic leakage could be a therapeutic strategy 

for alcohol-induced tissue inflammation.

Studies using human subjects have reported that alcohol con-

sumption increases thoracic duct lymph flow,24 and that thoracic 

duct diameters of patients with alcoholic cirrhosis are greater than 

those of patients with nonalcoholic cirrhosis.25 It is unclear how 

alcohol could further increase thoracic duct lymph flow in cirrhotic 

patients, but increased permeability of blood capillaries and in-

creased drainage of interstitial fluid to lymphatics may account for 

the mechanism as observed in ethanol-fed rats.19-21 Another pos-

sibility may include alcohol’s effect on increased production of 

lymph in cirrhotic livers by influencing hepatic sinusoidal vascula-

ture and/or its effect on increased hepatic lymphangiogenesis to 

accommodate more lymphatic fluid produced in the liver. All these 

observations strongly indicate the potential role of the lymphatic 

system in alcohol-related disease including ALD.

THE HEPATIC LYMPHATIC SYSTEM IN DISEASE

Hepatic lymphatic fluid is thought to be produced from plasma 

components transferred through the fenestrae of liver sinusoidal 

endothelial cells (LSECs) into the space of Disse, an interstitial 

space between LSECs and hepatocytes (Fig. 1; for structural de-

tails and functions, please also refer to references 3 and 4). The 

interstitial fluid in the space of Disse primarily (roughly 80%) 

flows through the space of Mall, a space between the stroma of 

the portal tract and the outermost hepatocytes, into the intersti-

tium of the portal tract and then into initial lymphatics.1-4 Some 

portion of the interstitial fluid in the space of Disse flows into the 

interstitium around the central vein, which is located in the center 

of the liver lobules and connected to the hepatic vein, or under-

neath the hepatic capsule.3,26 Initial lymphatics in the portal tract 

merge into collecting lymphatics and drain to lymph nodes at the 

hepatic hilum, while lymphatic vessels along the central vein run 

along the inferior vena cava through the diaphragm toward pos-

terior mediastinal lymph nodes. Lymphatic fluid running under-

neath the capsule of the convex surface of the liver drains to me-

diastinal lymph nodes through the coronary ligament, while 

lymphatic fluid running along the concave surface of the liver 

drains to lymph nodes in the hepatic hilum and to regional lymph 
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nodes.3

The hepatic vasculature and hepatic blood circulation are heavi-

ly distorted in liver cirrhosis. Similarly, the architecture of hepatic 

lymphatic vessels and hepatic lymph flow are changed in cirrhosis. 

In cirrhotic livers, resistance to sinusoidal blood flow increases be-

cause of structural deformations of tissues around the sinusoids, 

portal, and central veins. Consequently, sinusoidal hydrostatic 

pressure is elevated, which increases the amount of plasma com-

ponents filtered through the sinusoids into the space of Disse. In 

patients with liver cirrhosis, lymphatic fluid produced in the liver 

increases up to 30-fold.3,4

It is reported that protein contents of hepatic lymph are much 

lower in patients with ALD-associated cirrhosis than in controls.27 

While lymph within hepatic lymphatics generally has the same 

protein concentrations as interstitial fluid in the space of Disse, in-

creased plasma components transferred through the sinusoids 

into the space of Disse in cirrhotic livers can subsequently de-

crease protein concentrations of interstitial fluid and oncotic pres-

sure in the space of Disse. Consequently, the loss of osmoregula-

tion in cirrhotic livers leads to ballooning of hepatocytes, which is 

a typical histological feature of AH and results from accumulation 

of water, fat and proteins that are normally exported from hepa-

tocytes and deterioration of cytokeratins.28 Chronic alcohol con-

sumption may worsen osmoregulation indirectly by altering mor-

phology and function of LSECs. Livers of alcohol-fed rats are 

characterized by massive loss of fenestrae of LSECs29 and dysfunc-

tional LSECs characterized by a decreased production of nitric ox-

ide,30 leading to increased resistance to sinusoidal blood flow and 

increased sinusoidal hydrostatic pressure.

Lymphatics play a role in immune cell recruitment and traffick-

ing during chronic liver disease. LECs secrete CCL21 and attract 

activated T cells and B cells expressing its receptor CCR7.3-7 A 

study showed an increased number of CCL21-expressing lymphat-

ics in the livers of patients with nonalcoholic steatohepatitis.31 

Other chronic inflammatory liver diseases including primary biliary 

cholangitis (PBC), primary sclerosing cholangitis (PSC), and ALD 

also exhibit increased expression of CCL21 in the liver, but the re-

lationship between these increases of CCL21 and hepatic lym-

phatics has not been investigated. In addition, the increased level 

of CCL21 expression is much smaller in ALD than in PBC or PSC,32 

suggesting that the magnitude of CCL21 involvement is etiology-

specific. It would be interesting to know whether alcohol influ-

ences CCL21 expression in hepatic LECs.

LYMPHATIC-MODULATION AS POTENTIAL 
THERAPY

Delivery of lymphangiogenic factors, such as VEGF-C, to target-

ed organs has been shown to reduce inflammation in a variety of 

disease models.6,14-18 For example, virus-mediated delivery of 

VEGF-C alleviated chronic skin inflammation,15 inflammatory bow-

el disease,16 tubulointerstitial nephritis17 and hepatic encephalopa-

thy33 in experimental models using mice or rats. In a mouse model 

of psoriasis-like skin inflammation, targeted delivery of VEGF-C to 

sites of inflammation led to a significant increase of lymphatic 

vessels in inflamed skin and improved lymphatic drainage func-

tion. At the same time, this treatment significantly reduced infil-

tration of inflammatory cells in inflamed skin.18 These studies sug-

gest that promoting lymphangiogenesis may be a novel potential 

therapeutic strategy, particularly for diseases where inflammation 

plays a key role in their pathogenesis.

LECs/lymphatics also express a chemokine receptor D6, which 

helps to alleviate inflammation.11,34 The D6 receptor can actively 

internalize and degrade inflammatory beta-chemokines (a.k.a., 

CC chemokines),11 such as CCL2 (a.k.a., monocyte chemoattrac-

tant protein-1; MCP-1) and CCL5 (a.k.a., RANTES), resulting in 

resolution of tissue inflammation.11 CCL2 induces recruitment of 

monocytes from blood to tissues to become macrophages, while 

CCL5 attracts T-cells, eosinophils, and basophils that express a 

receptor CCR5. It is known that circulating CCL2 and CCL5 as well 

as macrophages and T-cells are upregulated in patients with 

ALD.35 Because the progression of ALD is largely driven by inflam-

mation, facilitating lymphangiogenesis may be a potential treat-

ment of ALD via increasing D6 levels as well as enhancing lym-

phatic drainage of pro-inflammatory molecules.

CONCLUSIONS AND PERSPECTIVES

Only a few studies have investigated how alcohol influences 

LEC phenotype and function, as well as the effects of these 

changes on disease pathogenesis. In particular, it is largely un-

known whether hepatic lymphatics are involved in the pathogen-

esis of ALD. Given that the lymphatic system plays an essential 

role in immune cell surveillance and that inflammation is a key 

contributor to the development of ALD, it is likely that lymphatics 

play an important role in the pathogenesis of ALD. Therefore, 

studies on the lymphatic system in relation to ALD are likely to 

yield significant advances in our understanding of the disease. 
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Targeted delivery of VEGF-C and tissue-specific induction of lym-

phangiogenesis represent a potentially new and promising ap-

proach for the treatment of chronic inflammatory diseases like 

ALD.
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