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Introduction

Lipid droplets (LDs) are dynamic intracellular organelles
traditionally viewed as passive fat storage sites, but recent
discoveries have redefined them as active regulators of cellular
metabolism, signaling, and homeostasis. Composed of a core
of neutral lipids, primarily triglycerides and cholesterol esters,
surrounded by a phospholipid monolayer embedded with
specific proteins, lipid droplets play critical roles in energy
storage, lipid trafficking, and protection against lipotoxicity.
Their functions are tightly regulated and context-dependent,
varying across cell types and physiological conditions [1, 2].

Lipid droplet formation begins at the endoplasmic reticulum
(ER), where neutral lipids accumulate between the two leaflets
of the ER membrane and bud off to form distinct organelles.
Proteins such as perilipins, adipose triglyceride lipase
(ATGL), and hormone-sensitive lipase (HSL) regulate the
balance between lipid storage and mobilization. This balance
is essential for maintaining energy homeostasis, especially
in cells with high metabolic demands such as hepatocytes,
adipocytes, and myocytes [3, 4].

Under nutrient-rich conditions, cells synthesize and store
excess fatty acids in lipid droplets to prevent the accumulation
of free fatty acids, which can disrupt membrane integrity and
cause oxidative stress. During fasting or increased energy
demand, stored lipids are hydrolyzed to release fatty acids
for B-oxidation, a process crucial for ATP production. The
regulation of lipid droplet turnover is therefore fundamental
to adapting to metabolic changes [5, 6].

Beyond energy metabolism, lipid droplets have emerged as
important players in cellular signaling and stress responses.
They interact with other organelles like mitochondria,
lysosomes, and peroxisomes, facilitating lipid exchange and
contributing to organelle crosstalk. In addition, LDs can
sequester toxic lipids and proteins, acting as buffers against
cellular damage under stress conditions such as hypoxia, ER
stress, and infection [6].

Lipid droplet biology is also increasingly implicated in
the pathogenesis of metabolic diseases. In non-alcoholic
fatty liver disease (NAFLD), the excessive accumulation of
LDs in hepatocytes reflects impaired lipid metabolism and
insulin signaling. Similarly, in obesity and type 2 diabetes,
dysregulated lipolysis and altered LD dynamics contribute
to ectopic fat deposition and systemic insulin resistance.

Moreover, LDs in macrophages—known as foam cells—are
hallmarks of atherosclerosis, playing a role in inflammation
and plaque formation [7].

In cancer, lipid droplets support tumor progression by
providing metabolic flexibility and protection against oxidative
stress. Certain cancers exhibit increased LD biogenesis,
allowing tumor cells to store lipids for membrane synthesis,
energy production, and signaling molecule generation. These
adaptations enhance survival under nutrient-limited or hypoxic
conditions, common within the tumor microenvironment [8].

Viral infections also manipulate lipid droplet pathways to
facilitate replication. Viruses such as hepatitis C and dengue
virus hijack LDs for assembly and maturation, highlighting
their role in host-pathogen interactions. Understanding these
mechanisms offers potential targets for antiviral therapies [9].

Therapeutic strategies aimed at modulating lipid droplet
dynamics are gaining attention. Pharmacological agents that
regulate lipid storage, lipolysis, or LD-associated protein
expression may offer novel treatments for metabolic and
inflammatory diseases. Lifestyle interventions like exercise
and dietary modifications also influence lipid droplet behavior,
further underlining their responsiveness to metabolic cues
[10].

Conclusion

In conclusion, lipid droplets have emerged as multifaceted
organelles central to cellular metabolism and stress adaptation.
Their roles extend beyond simple lipid storage to include
active participation in signaling, organelle interaction, and
disease modulation. As our understanding of lipid droplet
biology deepens, it opens new avenues for targeting metabolic
dysfunction and developing treatments for a wide range of
chronic diseases.

References

1. Ohsaki Y, Suzuki M, Fujimoto T. Open questions in lipid
droplet biology. Chem Biol. 2014;21(1):86-96.

2. Thiam AR, Farese Jr RV, Walther TC. The biophysics
and cell biology of lipid droplets. Nat Rev Mol Cell Biol.
2013;14(12):775-86.

3. Chiu DT, Lorenz RM. Chemistry and biology in
femtoliter and picoliter volume droplets. Acc Chem Res.
2009;42(5):649-58.

*Correspondence to: Cave Jhone, Department of Biologie Moléculaire, Milano, Italy, E-mail: ali@hms.harvard.edu

Received: 03-Apr-2025, Manuscript No. AACBM-25-164638; Editor assigned: 04-Apr-2025, PreQC No. AACBM-25-1646385(PQ); Reviewed: 18-Apr-2025, QC No
AACBM-25-1646385; Revised: 21-Apr-2025, Manuscript No. AACBM-25-1646385(R); Published: 28-Apr-2025, DOI:10.35841/aacbm-7.2.260

Citation: Jhone C. Lipid droplet biology: Emerging regulators in cellular metabolism and disease. J Cell Biol Metab. 2025,7(2):260.

1

J Cell Biol Metab 2025 Volume 7 Issue 2


https://www.alliedacademies.org/journal-cell-biology-metabolism/
https://www.cell.com/ccbio/fulltext/S1074-5521(13)00343-8
https://www.cell.com/ccbio/fulltext/S1074-5521(13)00343-8
https://www.nature.com/articles/nrm3699
https://www.nature.com/articles/nrm3699
https://pubs.acs.org/doi/abs/10.1021/ar8002464
https://pubs.acs.org/doi/abs/10.1021/ar8002464

4. Mashaghi S, Abbaspourrad A, Weitz DA, et al. Droplet 8. Lin CY, Pitt WG. Acoustic droplet vaporization in biology
microfluidics: A tool for biology, chemistry and and medicine. BioMed Res Int. 2013;2013(1):404361.

nanotechnology. TrAC Trends Anal Chem. 2016;82:118-25. 9. Gach PC, Iwai K, Kim PW, et al. Droplet microfluidics for

5. Thiele C, Spandl J. Cell biology of lipid droplets. Curr synthetic biology. Lab on a Chip. 2017;17(20):3388-400.
Opin. 2008;20(4):378-85. 10. Mejhert N, Gabriel KR, Frendo-Cumbo S, et al. The
6. Pyc M, Cai Y, Greer MS, et al. Turning over a new leaf in lipid droplet knowledge portal: a resource for systematic
lipid droplet biology. Trends Plant Sci. 2017;22(7):596-609. analyses of lipid droplet biology. Developmental cell.

7. Le Lay S, Dugail I. Connecting lipid droplet biology and 2022;57(3):387-97.

the metabolic syndrome. Prog Lipid Res. 2009;48(3-
4):191-5.

Citation: Jhone C. Lipid droplet biology: Emerging regulators in cellular metabolism and disease. J Cell Biol Metab. 2025,7(2):260.

J Cell Biol Metab 2025 Volume 7 Issue 2 2


https://www.sciencedirect.com/science/article/pii/S0165993616300061
https://www.sciencedirect.com/science/article/pii/S0165993616300061
https://www.sciencedirect.com/science/article/pii/S0165993616300061
https://www.sciencedirect.com/science/article/pii/S0955067408000987
https://www.cell.com/trends/plant-science/fulltext/S1360-1385(17)30063-8?code\u003dcell-site=
https://www.cell.com/trends/plant-science/fulltext/S1360-1385(17)30063-8?code\u003dcell-site=
https://www.sciencedirect.com/science/article/pii/S0163782709000150
https://www.sciencedirect.com/science/article/pii/S0163782709000150
https://onlinelibrary.wiley.com/doi/abs/10.1155/2013/404361
https://onlinelibrary.wiley.com/doi/abs/10.1155/2013/404361
https://pubs.rsc.org/en/content/articlehtml/2017/lc/c7lc00576h
https://pubs.rsc.org/en/content/articlehtml/2017/lc/c7lc00576h
https://www.cell.com/developmental-cell/fulltext/S1534-5807(22)00003-X
https://www.cell.com/developmental-cell/fulltext/S1534-5807(22)00003-X
https://www.cell.com/developmental-cell/fulltext/S1534-5807(22)00003-X

