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[ Abstract] Liquid-liquid phase separation (LLPS) is a reversible process, during which biological
macromolecules, including proteins and nucleic acids, condense into liquid membraneless organelles under the influence
of weak multivalent interactions. Currently, fluorescence recovery after photobleaching is the primary method used to
detect the phase separation of biological macromolecules. Recent studies have revealed the link between abnormal LLPS
and the pathogenesis and development of various human cancers. Through phase separation or abnormal phase
separation, tumor-related biological macromolecules, such as mRNA, long noncoding RNAs (IncRNAs), and tumor-
related proteins, can affect transcriptional translation and DNA damage repair, regulate the autophagy and ferroptosis
functions of cells, and thus regulate the development of various tumors. In this review, we summarized the latest research
findings on the mechanism of LLPS in the pathogenesis and progression of tumors and elaborated on the promotion or
inhibition of autophagy, tumor immunity, DNA damage repair, and cell ferroptosis after abnormal phase separation of
biomolecules, including mRNA, IncRNA, and proteins, which subsequently affects the pathogenesis and progression of
tumors. According to published findings, many biological macromolecules can regulate transcriptional translation,
expression, post-transcriptional modification, cell signal transduction, and other biological processes through phase
separation. Therefore, further expansion of the research field of phase separation and in-depth investigation of its

molecular mechanisms and regulatory processes hold extensive research potential.
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Fig 1 Biomolecular condensates in eukaryotic cells

PML bodies: promyelocytic leukemia bodies; PcG bodies: polycomb bodies; OPT: Oct-1, PTF, transcription; TIS granules: TIS11B forms a membraneless organelle.
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Fig 2 Biomolecular condensates affect tumor progression by regulating autophagy, etc.

The abnormal phase separation of biomolecules can promote or inhibit autophagy, tumor immunity, DNA damage repair, metabolism, and ferroptosis and then

affect the development of tumors. RBPs: RNA binding proteins; MAS: malate-aspartate shuttle.
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