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Intron retention and 3’ UTR lengthening mediate mRNA nuclear retention
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Abstract: In eukaryotic cells, the export of messenger RNA from the nucleus to the cytoplasm is a critical step in gene
expression. This process is tightly linked to pre-mRNA processing, such as splicing and 3’ end maturation, which act as
checkpoints for export. While most mRNAs are exported rapidly after processing, certain transcripts are held back in the
nucleus, a phenomenon known as mRNA nuclear retention. Once thought to be a side-effect in RNA processing, nuclear
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retention is now recognized as a deliberate and sophisticated gene regulatory mechanism. Two major factors driving this
process are intron retention and the lengthening of 3 UTR. This review explores how these two events determine mRNA

nuclear retention. First, current research underscores introns as strong gatekeepers of mRNA nuclear export. Specifically,
retained introns prevent mRNAs from leaving the nucleus. These transcripts are either degraded by nuclear quality control or
stored as a stable “nuclear reservoir”. When the cell encounters stress or external stimuli, these retained RNAs can be rapidly
spliced and exported to produce proteins. This allows the cell to respond much faster than by starting new transcription.
However, if this retention fails, escaped IR transcripts can lead to the production of abnormal proteins, contributing to diseases
like cancer and neurodegeneration. Beyond introns, long 3 UTRs produced from alternative polyadenylation (APA) provide
additional docking sites for retention factors. Compared to shorter versions, long 3’ UTRs often contain specific sequences or
structures that promote nuclear retention. These elements recruit protein factors that anchor the mRNA within nuclear bodies
such as paraspeckles. On the other hand, chemical modifications on long 3> UTRs can limitedly buffer this retention by
dynamically regulating the binding of export factors. Finally, we discuss how intron retention and 3> UTR lengthening can
cooperate to enhance the nuclear retention of mRNAs. Understanding such mechanisms will reveal how cells use nuclear
compartmentalization to maintain transcriptome plasticity and respond to phy§iological and pathological changes.
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Figure 1 The nuclear retention of mRNA regulated by intron retention

After transcription, IR transcripts can either be sequestered by the nuclear quality control machinery for degradation, or persist as

stable IR RNAs. These transcripts are retained in the nucleus by the recognition of splicing factors, serving as a reservoir of transcripts

responsive to stimuli. When nuclear retention fails, IR RNAs in the cytoplasm can be typically monitored and degraded by NMD;

However, under specific physiological or pathological conditions, they may also generate novel protein variants with distinct

functions.
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BN i R ae eIt 17 % O B PR AR N 158 i i s o)
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o CPAXE GRTESAL b ERSF , s 52
RIRF R L5714 K F (cleavage and polyadenylation
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I ,CF 1) . UJ#EIKHF 1 (cleavage factor I ,CFII )X
M Z R B . XS] 43 P[RR mRNA F Y
PAS, TEAFE (L B W seAS Y3 R o AT U)o Bl



1626 LR AR LRER(T)

H38%:

5 , ZRIFFHIRE G EE (poly-A polymerase, PAP)7E Y]
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Figure 2 Modulation of mRNA nuclear retention by long 3° UTR

Varied structures, sequences, and modifications on long 3’ UTRs can recruit different protein factors to regulate mRNA nuclear
retention. Additionally, alternative polyadenylation within the 3> UTR directly alters encoded information on the transcript by
changing the length of 3° UTR, ultimately influencing mRNA’s subcellular localization. pPAS: proximal polyadenylation signal;

dPAS: distal polyadenylation signal.
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