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DESCRIPTION
The lymphatic system is a key component of human physiology,
responsible for maintaining fluid homeostasis, facilitating
immune responses, and absorbing dietary fats. Central to its
function is the smooth muscle lining within the walls of
lymphatic vessels. Unlike skeletal or cardiac muscle, smooth
muscle in the lymphatic system operates under unique
regulatory mechanisms to support lymph transport [1]. This
manuscript explains the structure, function, and regulation of
smooth muscle within the lymphatic system, highlighting its role
in maintaining fluid balance and immune surveillance.
Lymphatic vessels are categorized into initial lymphatics and
collecting lymphatics. Initial lymphatics are primarily passive
structures designed to absorb interstitial fluid, whereas collecting
lymphatics actively propel lymph through a system of one-way
valves. The smooth muscle within the collecting lymphatics is
organized in a layered structure surrounding the endothelial
lining [2]. The contractile smooth muscle layer is rich in actin
and myosin filaments, which enable it to contract rhythmically.
Unlike vascular smooth muscle, lymphatic smooth muscle
exhibits intrinsic contractile activity, often referred to as
"lymphatic pumping." This activity is essential for overcoming
hydrostatic pressures and facilitating unidirectional lymph flow
toward central veins. The contractile function of lymphatic
smooth muscle is regulated by both intrinsic and extrinsic
factors. Lymphatic smooth muscle cells generate spontaneous
action potentials, driving rhythmic contractions known as
lymphatic vasomotion [3]. This pacemaker-like activity is
governed by the interplay between calcium influx through
voltage-gated calcium channels and its release from intracellular
stores. Calcium ions bind to calmodulin, activating Myosin
Light Chain Kinase (MLCK), which phosphorylates myosin and
initiates contraction. Lymphatic smooth muscle responds to
mechanical stimuli, such as stretch caused by increased lymph
load. Mechanosensitive ion channels and integrins play a role in
detecting changes in lymphatic wall tension, modulating
contractile responses. Additionally, neural and humoral inputs
from the autonomic nervous system and circulating factors like
Nitric Oxide (NO) and prostaglandins influence lymphatic
smooth muscle tone [4].

Lymphatic smooth muscle contractions generate pressure
gradients necessary for the propulsion of lymph through the
lymphatic network. Coordinated contractions, coupled with the
presence of one-way valves, ensure unidirectional flow. The
intrinsic pump function is complemented by extrinsic factors
such as skeletal muscle contractions, arterial pulsations, and
respiratory movements, which further augment lymph transport.
Sympathetic innervation plays a vital role in modulating
lymphatic smooth muscle activity [5]. Parasympathetic inputs are
less prominent but may indirectly influence lymphatic function
through interactions with immune cells and inflammatory
mediators. Understanding the precise neural control of
lymphatic smooth muscle remains an area of active research. The
lymphatic system is integral to immune function, serving as a
conduit for antigen-presenting cells, immune surveillance, and
the trafficking of lymphocytes [6]. Smooth muscle contraction
ensures the efficient transport of immune cells and signaling
molecules to lymph nodes, where immune responses are
initiated [7]. In inflammatory conditions, cytokines and
chemokines modulate lymphatic smooth muscle activity, often
leading to altered lymph flow. Dysregulation of lymphatic
smooth muscle function can lead to several pathologies.
Impaired smooth muscle contractility, valve dysfunction, or
lymphatic obstruction can result in fluid accumulation in
tissues, leading to lymphedema. This condition is characterized
by swelling, fibrosis, and increased susceptibility to infections [8].

Lymphatic vessels serve as pathways for tumor cells to spread to
regional lymph nodes and distant sites. Altered lymphatic
smooth muscle activity may contribute to increased permeability
and impaired transport, facilitating metastasis. Conditions such
as rheumatoid arthritis and inflammatory bowel disease involve
lymphatic dysfunction. Chronic inflammation affects smooth
muscle contractility and lymph flow, exacerbating tissue edema
and immune dysregulation [9]. Recent advances in imaging
techniques, such as intravital microscopy and
lymphoscintigraphy, have enhanced our understanding of
lymphatic smooth muscle function in vivo. Genetic studies have
identified molecular regulators of lymphatic contractility,
offering potential therapeutic targets. Therapies aimed at
restoring lymphatic smooth muscle function include
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pharmacological agents that modulate calcium signaling,
enhance no production, or target specific ion channels.
Additionally, bioengineering approaches, such as the
development of lymphatic pumps and tissue-engineered
lymphatic vessels, are being explored for treating lymphedema
and related disorders [10].

CONCLUSION
Smooth muscle in the lymphatic system plays a pivotal role in
maintaining fluid balance, immune surveillance, and overall
homeostasis. Its ability to generate intrinsic rhythmic
contractions and respond to extrinsic stimuli ensures the
efficient transport of lymph through the body. Dysregulation of
lymphatic smooth muscle function is implicated in a range of
pathological conditions, from lymphedema to cancer metastasis,
highlighting its clinical significance. Future research aims to
unravel the molecular mechanisms underlying lymphatic
smooth muscle regulation, paving the way for novel diagnostic
and therapeutic strategies. A deeper understanding of the
interplay between lymphatic smooth muscle and systemic
physiology will undoubtedly contribute to improved
management of lymphatic disorders and broader insights into
human health and disease.

REFERENCE
1. Pan H, Ho SE, Xue C, Cui J, Johanson QS, Sachs N, et al.

Atherosclerosis is a smooth muscle cell–driven tumor-like disease.
Circulation. 2024:149(24):1885-1898.

2. Li X, Chen M, Chen X, He X, Li X, Wei H, et al. TRAP1 drives
smooth muscle cell senescence and promotes atherosclerosis via
HDAC3-primed histone H4 lysine 12 lactylation. Eur Heart J.
2024:45(39):4219-4235.

3. Song T, Zhao S, Luo S, Chen C, Liu X, Wu X, et al. SLC44A2
regulates vascular smooth muscle cell phenotypic switching and
aortic aneurysm. J Clin Invest. 2024 :134(16):173690.

4. Yin Z, Zhang J, Shen Z, Qin JJ, Wan J, Wang M. Regulated
vascular smooth muscle cell death in vascular diseases. Cell Prolif .
2024:57(11):13688.

5. Luu N, Bajpai A, Li R, Park S, Noor M, Ma X, et al. Aging‐
associated decline in vascular smooth muscle cell
mechanosensation is mediated by Piezo1 channel. Aging Cell.
2024:23(2):14036.

6. Elmarasi M, Elmakaty I, Elsayed B, Elsayed A, Zein JA, Boudaka
A, et al. Phenotypic switching of vascular smooth muscle cells in
atherosclerosis, hypertension, and aortic dissection. J Cell Physiol.
2024: 239(4):31200.

7. Chatterjee P, Martin KA. A Concept of “Athero-Oncology”:
Tumor-Like Smooth Muscle Cells Drive Atherosclerosis.
Circulation. 2024: 149(24): 1899-1902.

8. Camarda ND, Ibarrola J, Biwer LA, Jaffe IZ. Mineralocorticoid
Receptors in Vascular Smooth Muscle: Blood Pressure and
Beyond. Hypertension. 2024:81(5):1008-1020.

9. Fang C, Du L, Gao S, Chen Y, Chen Z, Wu Z, et al. Association
between premature vascular smooth muscle cells senescence and
vascular inflammation in Takayasu’s arteritis. Ann Rheum Dis.
2024:83(11):1522-1535.

10. Ahmed IA, Liu M, Gomez D. Nuclear control of vascular smooth
muscle cell plasticity during vascular remodeling. Am J Pathol.
2024:194(4):525-538.

Kim D

Anat Physiol, Vol.14 Iss.6 No:1000521 2

https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.123.067587
https://academic.oup.com/eurheartj/article-abstract/45/39/4219/7725663?redirectedFrom=fulltext&login=false
https://academic.oup.com/eurheartj/article-abstract/45/39/4219/7725663?redirectedFrom=fulltext&login=false
https://academic.oup.com/eurheartj/article-abstract/45/39/4219/7725663?redirectedFrom=fulltext&login=false
https://www.jci.org/articles/view/173690
https://www.jci.org/articles/view/173690
https://www.jci.org/articles/view/173690
https://onlinelibrary.wiley.com/doi/10.1111/cpr.13688
https://onlinelibrary.wiley.com/doi/10.1111/cpr.13688
https://onlinelibrary.wiley.com/doi/10.1111/acel.14036.
https://onlinelibrary.wiley.com/doi/10.1111/acel.14036.
https://onlinelibrary.wiley.com/doi/10.1111/acel.14036.
https://onlinelibrary.wiley.com/doi/10.1002/jcp.31200
https://onlinelibrary.wiley.com/doi/10.1002/jcp.31200
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.124.069446
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.124.069446
https://www.ahajournals.org/doi/10.1161/HYPERTENSIONAHA.123.21358
https://www.ahajournals.org/doi/10.1161/HYPERTENSIONAHA.123.21358
https://www.ahajournals.org/doi/10.1161/HYPERTENSIONAHA.123.21358
https://ard.bmj.com/content/83/11/1522
https://ard.bmj.com/content/83/11/1522
https://ard.bmj.com/content/83/11/1522
https://ajp.amjpathol.org/article/S0002-9440(23)00374-7/fulltext
https://ajp.amjpathol.org/article/S0002-9440(23)00374-7/fulltext

	Contents
	Smooth Muscle in the Lymphatic System: Flow and Control
	DESCRIPTION
	CONCLUSION
	REFERENCE


