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RNA biogenesis is a highly coordinated and fundamental biological process that regulates the synthesis,
processing, modification, maturation, transport and turnover of cellular RNA molecules. The
coordinated production of wide range of RNAs and other non-coding RNAs is essential for maintaining
gene expression, protein synthesis and cellular homeostasis. Ribosome quality control (RQC) provides
an important protective mechanism by detecting defective or stalled ribosomes, resolving ribosome
collisions, and eliminating abnormal nascent proteins and dysfunctional ribosomal components. RQC
surveys incomplete nascent polypeptides produced by interrupted translation. Several protein players in
RQC sense large ribosomal subunits obstructed with nascent chains and then promote nascent-chain
proteolysis. Defects in RNA biogenesis and RNA-processing pathways have been increasingly
associated with human diseases. Abnormal RNA splicing, RNA modification, RNA transport and RNA
degradation are also implicated in diseases of CNS and cancers. The present review summarizes the
RNA biogenesis, mechanisms through which RNA dysregulation contributes to human disease, using
representative disease examples by providing background to basic concepts. We discuss individual
category of diseases using representative diseases and the underlying genetic and cellular mechanisms.
The application of ribosome biosynthesis in drug design against viral and antibiotic resistance and their
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applications in clinical medicine highlights their growing importance and roles in disease biology.
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INTRODUCTION

Protein homeostasis is necessary for many life processes to
function properly. Proteins are vital components of nearly all
organisms since they are the main executors in intracellular
activities like growth, reproduction, and metabolism (Rodwell
et al., 2018). Ribosomes are essential for maintaining protein
homeostasis since they are the primary machinery of protein
translation. However, a variety of external and internal
stressors, including as gene mutations, errors in gene
expression, chemical toxins, or the lack of an interacting
partner, can result in the synthesis of abnormal proteins
(Nelson et al., 2021). When abnormal proteins or shortened
polypeptides build up over time, their detrimental effects on
cells can result in cell death, which can contribute to the onset
and progression of a number of human disorders. Because
ribosomes are stable organelles with a half-life of several days,
they have evolved mechanisms that allow them to degrade
redundant or malfunctioning ribosomes and modify their
numbers in response to environmental changes. In order to
maintain the quantity and quality of intracellular ribosomes,
cells evolve a number of ribosome quality control systems,
including the ribosome quality control system (RQCS)
(Filbeck et al., 2022).

Protein homeostasis and ribosome function are monitored
throughout the entire process, from ribosome synthesis to
destruction, rather than only during protein synthesis. In
summary, RQCS is a self-defense mechanism that controls
ribosome synthesis, transportation, and destruction in response
to adverse internal or external stimuli (Rodwell ef al., 2018).
RQCS mainly concentrates on the quality control activities of
the ribosome itself, rather than the ribosome-associated protein
synthesis process. Autophagy maintains and restores
intracellular homeostasis by engulfing and breaking down
damaged or excessive organelles and intracellular components
(Heras-Garcia et al., 2023). They also have significant
functions in ribosome life-cycle. Additionally, RQCS has the
ability to deal with ribosomal dysfunction, such as
misassembled ribosomes and improperly synthesized
ribosomal proteins, by closely monitoring the entire process
from ribosome biogenesis to its destruction. Significant
dysfunction of ribosomes can lead to the creation of aberrant
proteins, which can interfere with cellular response and cause
a number of human illnesses. Diamond-Blackfan anemia,
Schwachman-Diamond syndrome, Dyskeratosis Congenita,
Cartilage and Treacher Collins syndrome are few disorders.
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The majority of these represent congenital diseases
characterized by haploinsufficiency of genes encoding

ribosomal proteins (Nakhoul et al., 2014).

Components, synthesis, distribution and functions of
ribosomes: The ribosome is a complex organelle made up of
short nucleolar RNAs (snoRNA), ribosomal proteins (RPs),
and ribosomal RNA (rRNA) (Nelson, 2021). While RPs
optimize rRNA processing and maintaining the ribosomal
structure, rRNA primarily serves as a scaffold that catalyses
the creation of peptide bonds during protein synthesis
(Rodwell et al., 2018; Catalanotto et al., 2023). snoRNAs
mainly control ribosomal chemical changes (Huang et al,
2022). The 60S large subunit (LSU) and the 40S small subunit
(SSU) make up the components of eukaryotic 80S ribosomes;
the former is roughly twice as large as the latter. 18S rRNA
and 33 distinct RPs make up the SSU of eukaryotes, whereas
5S rRNA, 5.8S rRNA, 25S-28S rRNA, and 46 (in yeast)/47 (in
humans) RPs make up the LSU (Kumar et al., 2021).
Functionally, SSU acts as the decoding center to bring together
messenger RNAs (mRNAs) and aminoacyl-transfer RNAs
(tRNAs) in order to translate the genetic code ribosomes,
which are primarily located in the cytoplasm. Whereas, LSU
primarily catalyses the formation of peptide bonds with the
peptidyl transferase center (PTC) (Lewinska ez al., 2019).
Ribosomes are divided into two categories based on their
subcellular location: free ribosomes and attached ribosomes.
The former is the primary executor of translation. Ribosomes,
also known as mitoribosomes are found in the mitochondrion
in addition to the cytoplasm. Mitoribosomes are mostly found
in the organelle matrix and are specialized in the synthesis of a
few polypeptides that are necessary for aerobic ATP
generation and oxidative phosphorylation (OXPHOS) (Sharma
et al., 2019). Ribosomes are thought to be a platform and
executors in the regulated process of translation. Translation
can be separated into four stages: start, extension, termination,
and ribosome recycling, based on the characteristics of various
stages of translation (Nelson, 2021). At every stage of the
translation process, ribosomes have distinct functions.
Eukaryotic initiation factor 3 (EIF3) separates the LSU and
SSU of eukaryotic ribosomes during the first stage of
translation. This is followed by the development of a
translation initiation complex that includes SSU along with
mRNA and MettRNAi. Each aminoacyltRNA binds
sequentially to the A, P, and E sites on the SSU to complete
the entry, peptide band formation, and translocation during the
elongation stage (Nelson, 2021). The peptidyl-tRNA bond is
hydrolysed to release the developing peptide chain by the time
the ribosome reaches a termination codon, and release factors
enable separation of the mRNA from the ribosome (Rodwell et
al., 2018).

Ribosome biogenesis: The process of putting the ribosome
complex together is called ribosome biogenesis. The 18S,
5.8S, and 28S rRNA are produced by cleaving the 47S pre-
rRNA, which is transcribed from rDNA within the nucleolus
(Kumar, 2021). Following cytoplasmic synthesis, the RPs are
brought into the nucleus to join the rRNAs. Following
additional snoRNA modifications, the rRNAs leave the
nucleolus (Baweja et al., 2021). The 40S ribosome subunit is
created from the 18S rRNA, whereas the 60S ribosome subunit
is created when the 5.8 LafontaineS and 28S rRNA are linked
by the 5S rRNA in the nucleus and exported to the cytoplasm
(Kyritsis et al., 2019). Ribosome precursor 60S (pre-60S) and
precursor 40S (pre-40S) is produced in the nucleolus of

eukaryotic cells by rRNA, RPs, short nucleolar RNAs, and
other closely related proteins. When these molecules are
transferred to the cytoplasm, the final ribosome assembly and
maturation are finished (Kisly et al., 2023). This maturation is
made possible by a sequence of chemical changes to precursor
rRNAs, or pre-rRNAs. RNA polymerase III (Pol IIT) processes
the transcription of 5S rRNA, while RNA polymerase I (Pol I)
converts pre-47S transcripts into 5.8S, 18S, and 28S rRNA
(Popov et al., 2013; Talyzina et al., 2023). Mature rRNA is
formed more quickly when RPs are assembled into pre-rRNA
transcripts.

Signalling: Mammalian target of rapamycin (mTOR),
myelocytomatosis oncogene (Myc), and noncoding RNA
(ncRNA) are key signalling pathways that control ribosome
synthesis. RP expression, rRNA synthesis, and pre-rRNA
transcription are all controlled by the mTORCI1 pathway. By
activating S6 kinase 1 (S6K1) and encouraging the production
of ribosomal 40S subunits through RPS6, mTORCI positively
controls rDNA transcription (Rosario et al., 2020). These
findings are supported by the inhibition of aberrant ribosome
biogenesis by cancer treatments that block
mTORC]1/ribosomal protein S6 (RPS6) signalling (Mossmann
et al., 2018). Through eIF4E and elF2a, mTORCI facilitates
the start and elongation of mRNA (Rios-Fuller et al., 2020).
By deactivating 4E-BPs, mTORCI1 also causes translation
initiation.

A downstream target of mTORCI signalling is the RP
assembly factor Urbl (Wang et al., 2019). By preventing the
binding of La-related protein 1 (LARP1) and Poly(A)-binding
protein cytoplasmic 1 (PABPCI), mTORCIfacilitates the
translation of mRNA (Iadevaia et al., 2014). mTORCI1
signalling regulates ribosomal protein S6K1. Studies on
zebrafish show that Urb1, an assembly factor of RPs, promotes
the development of the digestive tracts by acting as a
downstream target of mTORCI signalling (He et al., 2017).
Thus, tissue formation, growth, and regeneration depend on
the mTORCI1/S6K1/RPL26/RPS10 ribosome biogenesis
pathway (Ghosh et al., 2017). Ribosomal translocation is
mediated by the eukaryotic elongation factor 2 (eEF2)
(Vasamsetti et al., 2019). Additionally, by lowering eEF2's
phosphorylation, S6K1 can increase its activity (Santini et al.,
2014). Moreover, protein synthesis is stimulated by the
phosphorylation of eukaryotic initiation factor 4G (elF4G).

According to Solsona et al. (2021), mTORC1/S6K1 increases
the phosphorylation of eIF4G, which promotes protein
synthesis during skeletal muscle regeneration. The RNA-
binding protein LARP1 controls the synthesis of RP (Fonseca
et al., 2018). A crucial translation initiation factor involved in
metabolism, translation, and cell development downstream of
mTORCI1 is 4E-binding protein 1 (4E-BP1) (Gallagher ef al.,
2019). When 4E-BP1 is phosphorylated, it separates from
elF4E and associates with eIF4G (Sun et al., 2019). According
to Brown et al. (2022), Myc signalling primarily controls
ribosome biogenesis through RNA Pol I-III mediated rDNA
transcription via upstream binding factor (UBF) and
transcription and selectivity factor 1 (SL1), rRNA processing
and transcription of RPS and RPL, and the transcription of 5S
rRNA and tRNA.Myc recruits UBF and SL1 and increases
their expression to boost rDNA transcription in an RNA Pol I-
dependent manner (Van Riggelen et al., 2010). Myc interacts
with the TATA binding factor (TBP)-associated factor, a part
of the SL1 complex, to attract RNA Pol I to target promoters.
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According to research, a tiny chemical inhibits RNA Pol I in
neuroblastoma cells CX-5461, preventing the connection
(Hald, 2019). RNA Pol I is activated and drawn to the
ribosomal DNA promoter after binding to the initiating factor
factor-IA (TIF-IA, also known as RRN3) (Li et al., 2022).
enhanced expression of RNA Pol I-specific transcription
initiation factor RRN3/TIF-IA is linked to enhanced rRNA
synthesis in medulloblastoma cells with elevated Myc
expression (Lewinska ef al., 2019). 43% of the genes encoding
RNA Pol IlI-specific subunits have their expression increased
by Myc (Koh et al., 2016). In a variety of cell types, Myc
improves the activity of RNA pol III and 5S rRNA (Li et al.,
2013). In several cell types, the RNA Pol III specific
transcription factor TFIIIB/C recruits Myc to Pol III target
genes (Park et al., 2017). To encourage binding to TFIIIB,
TFIIC enlists Myc and the associated histone
acetyltransferase (Basu, 2024). Thus, Myc interacts with RNA
Pol IIT at the promoters of its target genes to control ribosome
synthesis.

Recent research has demonstrated that ncRNAs, including
circular RNAs (circRNAs), long noncoding RNAs (IncRNAs),
and microRNAs (miRNAs), are involved in controlling
ribosome synthesis (McCool et al., 2020). By specifically
targeting the RNA Pol I pre-priming complex factors POLR1A
and UBTF, miR-424-5p reduces the amounts of mature rRNA
(Connolly et al., 2018). By suppressing Ncl expression, miR-
20a, miR-194, and miR-206 influence the processing of 47S
pre-RNA (Bose et al., 2016). On the other hand, miR-595
decreases RPL27A expression, which prevents the production
of the mature 60S subunit (Alkhatabi et al., 2016). By altering
rDNA chromatin and lowering pre-rfRNA levels, IncRNA
prevents translation (Karakas et al., 2021). The 40S ribosomal
subunit is recruited by circRNA to aid in the start of protein
synthesis. Deregulation of miRNAs in myelodysplastic
syndrome (MDS) and Diamond-Blackfan anaemia (DBA)
highlights the role of miRNAs in regulating mRNA stability
(Wilkes et al., 2022). There is growing evidence that circRNA
can initiate protein translation by engaging the 40S ribosomal
subunit (Khan et al., 2022).

Synthesis, transport and degradation: At the nucleolus,
where RPs are cotranscriptionally linked to pre-ribosome
RNAs (pre-rRNA), ribosomal biogenesis begins (Klinge et al.,
2019). The preribosomal particles transported from the
nucleolus to the cytoplasm, where they eventually develop into
translation-competent ribosomal subunits. Several signalling
networks and specialised chaperones intricately control
ribosome synthesis in response to elevated protein demand or
ribosomal network recovery (Lafontaine et al., 2020). To
guarantee the synthesis of functional ribosomes, the crucial
biogenesis factors can track and promptly fix errors made
during the assembly process including the ribosome protein
gene transcriptional activator interacts with forkhead 1 (Ith1),
the rRNA processing factor U3 small nucleolar RNA-
associated protein 22 (Utp22), U3 small nucleolar
ribonucleoprotein particles (U3-snoRNP), U three-associated
protein (UTP)-A, UTP-B, and UTP-C (Albert et al., 2016;
Razi et al., 2017). The TRAMP complex and the exosome
complex of exonucleases are two examples of complexes are
involved in the surveillance and turnover of misassembled
preribosomes in addition to the molecules discussed above
(Ghosh et al., 2020). By polyadenylating the 3’ end of aberrant
or less stable tRNA, TRAMP creates a single-stranded RNA
extension long enough to allow the Mtr4 helicase to bind it

(Puno et al., 2018). After ribosomal subunit precursors are
synthesized in the nucleus, they pass through the nuclear pore
into the cytoplasm before joining RPs to finish the maturation
process. To guarantee the effective execution of this
procedure, specialized chaperones exclusively mediate the
trafficking of RPs. According to a study by Liang et al. (Liang
et al., 2019), Puf6 and Locl are the specific chaperones of the
ribosomal protein Rpl43, which create a ternary complex
necessary for the synthesis of 60S LSU. Rrbl, Sqtl, Acl4, and
Bepl have long been shown to be the specific chaperones of
the large ribosomal subunit Rp/3, Rpl10, Rpl4, and Rpl23, in
addition to recently identified molecular chaperones (Stelter et
al., 2015). While Yarl, Tsr2, and Fap7 are specific chaperones
of the 40S subunit r-proteins Rps3, Rps26, and Rpsl4,
respectively. The Syol functions as a chaperone that binds two
60S r-proteins Rpl5 and Rpll simultaneously (Kressler et al.,
2012).

Ribosome stagnation can result from a number of physical and
chemical stressors, such as two arginine CGA codons adjacent
to one another, proline codons arranged in a row, chemical
damage, endonuclease activity, and errors in gene expression.
No-go decay (NGD) and RQC pathways break down mRNAs
and aberrant proteins generated by ribosome standstill,
respectively (Karamyshev et al., 2018). After being split into
large and small subunits, collided ribosomes rejoin the
translational process. The first stages of ribosome recycling
include identifying colliding ribosomes and separating 40S and
60S subunits. According to research E3 ligase ZNF598 in
mammalian cells (Hel2 in yeast) uses receptor for activated C
kinase 1 (RACKI, Ascl in yeast) to identify the interface of
the 40S unit of colliding ribosome (Juszkiewicz et al., 2018).
Following ubiquitin labelling, the ribosome subunits are
separated using Dom34, Hbsl, Rlil (PELO, HBSLI, and
ABCEI1 in higher eukaryotes), and RQC complexes. While the
GTPase Hbsl detects ribosome stalling in budding yeast and
loads Dom34, Dom34 removes stalled ribosomes from
truncated mRNAs and rescues ribosomes in 3'untranslated
regions (Yip et al., 2021).

The 80S-like complexes made up of pre-40S and big (60S)
subunits are broken up by the ATPase Rlil (Kratzat et al.,
2021). NEMF and LTNI handle the 60S subunit-incorporated
peptidyl-tRNA further since they can polyubiquitinate the
polypeptide (Lytvynenko et al., 2019). Furthermore, G3BP1-
family-USP10 complexes shields ubiquitinated 40S subunits
from lysosomal degradation. After escaping lysosomal
degradation, ribosomal subunits reassemble and enter the
ribosome recycling to perform translational tasks for proteins
(Meyer et al., 2020). RPs and rRNA are assembled into
ribosomes in an appropriate ratio. RPs may be produced
disproportionately if thallium therapy or genetic mutations
impair rRNA synthesis. In order to prevent proteotoxic stress,
excess RPs must be broken down over time (Zencir et al.,
2020). Suppression of the proteasome caused several
endogenous ribosomal proteins to accumulate within insoluble
aggregates, suggesting that overproduced RPs were quickly
ubiquitinated and broken down in a proteasome-dependent
manner Sung et al. (2016). Additionally, redundant RPs
produced by transcriptional or translational imbalance are first
ubiquitinated by an enzyme called Toml in yeast (Bianco et
al., 2024) or HECT, UBA, and WWE domain containing E3
ubiquitin protein ligase 1 (HUWEL) in human (Giovannini et
al., 2025). They then work with the E2 enzymes Ubc4 and
Ubc5 before entering the proteasomal degradation process.
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The ubiquitin-proteasome system primarily breaks down
individual RP, which is susceptible to the excess ribosomal
protein quality control (ERISQ), in contrast to autophagy,
which can break down the entire ribosome (Qu et al., 2021).
While superfluous ribosomal subunits produced during
erythroid development are removed by the ubiquitin
conjugating enzyme E20 (UBE20), excess RPs produced
from chromosomes can be immediately broken down by the
proteasome (Maffeo et al., 2024). Excess or nonfunctional
rRNAs must be removed; otherwise, their accumulation will
impede translation (Li et al., 2025). Dimlp prevents the
precursor TrRNA from maturing in the absence of
demethylation Lafontaine et al. (1998). Numerous pre-rRNA
quality control routes have been identified, such as the
TRAMP complex-mediated pathway and the nuclear exosome
pathway in the degradation of nuclear-restricted rRNAs (Li e?
al., 2019). LaRiviere et al. 2006 identified a novel rRNA
quality-control mechanism commonly known as nonfunctional
rRNA decay (NRD). Unlike the above quality-control
pathways for degradation of precursor rRNA, NRD can
specifically target mature 18SrRNA and 25SrRNA (Kazibwe
etal., 2019).

Autophagy: Autophagy functions as a significant mechanism
for maintaining the homeostasis between ribosome biogenesis
and degradation. When the A7G5 gene was knocked off in
starving mouse embryonic fibroblasts, proteomics study
revealed that ribosome abundance remained unchanged
(Sharma et al., 2019). The same conclusion was reached by
quantitative study of fibroblasts, which showed that silencing
the important autophagy-related genes, such as 4TG5 and
ATG7, did not significantly change the half-life of the
ribosomal protein RPL11 (Hao et al., 2022). These studies
revealed an unexpected result: autophagic induction was not
linked to the control of ribosome abundance during fasting. On
the one hand, only a small portion of ribosomes are degraded
by autophagy; on the other hand, autophagosomes are not the
only factor influencing the intensity of Ribo-Keima flow (An
et al., 2017). Therefore, any vesicular structure encasing the
ribosomes for lysosomal breakdown may be responsible for
the entire autophagy flow. In recent years, there has been
growing evidence that autophagy is one of the important routes
for limiting ribosome abundance, even though it contributes to
the breakdown of a portion of ribosomes and is typically
activated under cellular stress (Lopez et al., 2023). According
to Gnanasundram et al. (2018), ribosomes are abundantly built
to satisfy the increased demand of protein translation, however
proteins will be momentarily deficient when the cells are
subjected to various challenges, such as starvation, drug
toxicity, or other stimuli. Autophagy works as an RQC
mechanism to break down of nonfunctional ribosomes because
ribosomes may be misassembled or disproportionately over-
generated during this process. In Saccharomyces cerevisiae,
Kraft et al. (2008) first proposed the idea of ribosomal
autophagy after discovering that mature ribosomes were
broken down by both non-selective autophagy and a unique
selective mechanism known as "ribophagy" in response to
nutritional shortage. Wyant et al., 2018 discovered that
Nuclear fragile X mental retardation-interacting protein 1
(NUFIP-1) is a receptor for famine-induced ribophagy in
mammals, demonstrating the presence of selective autophagy
that targets ribosomes and offering fresh perspectives on
ribophagy research. Cdc48 and Ufd3 functioned as the primary
executors of the ubiquitin proteasome system and were
essential for the selective autophagy of mature ribosomes in

Saccharomyces cerevisiae that was both starvation-induced
and Ubp3-Bre5 dependent (Ossarch-Nazari et al., 2010). The
synergy of the structure and function of various organelles is
the prerequisites for intracellular homeostasis. As a key
organelle for protein synthesis, ribosome is structurally and
functionally correlated with other organelles, including
endoplasmic reticulum and mitochondria (Schwarz et al.,
2015). Recent studies have shown that there are intricate
relationships across various organelles in the selective
autophagy of organelles. An et al. (2018) report that a fraction
of ribosomes could be packaged and degraded incidentally
during the process of selective autophagy targeting other
organelles. Although the ratio was relatively low, it revealed
the potential relationship among disparate types of organelle
specific autophagy, and pioneered the research on another
pathway of ribosomal autophagy, in terms of “bystander”
autophagy. Additionally, RNA is directly transported by
autophagy to the lysosomes for destruction. Lysosome-
associated membrane glycoprotein 2C (LAMP2C) functions as
a particular receptor in this process, which needs ATP to
supply energy (Sakai et al., 2025). Heat shock 70 kD protein 8
(HSPAS) has no discernible effect on the uptake of RNA into
the sequestered lysosomes, in contrast to CMA. Furthermore,
all RNA types can be bound by LAMP2C, and 10%-20% of
the total RNA in live cells is degraded by RNautophagy (Ray
et al., 2025).

Ribosome quality control (RQC): Ribosome quality control
(RQC) is a co-translational quality control surveillance
mechanism for degradation of nascent polypeptides in
aberrantly stalled ribosomes during translation (Endo et al.,
2023). This process protects cells from proteotoxic stress and
preserves protein homeostasis. Persistent stalling promotes
ribosome collision and activates quality-control pathways that
identify the aberrant ribosomal complex, rescue and recycle
ribosomal subunits, and eliminate incomplete nascent
polypeptides. The ribosome-associated quality control (RQC)
mechanism can be triggered by issues with the elongation or
termination steps of translation, which can result in ribosome
collision and ribosome stalling. A build-up of defective
translation products that disrupt protein homeostasis
(proteostasis) may result from inadequate RQC (Lu, 2022). As
a result, RQC is a crucial part of the larger network of cellular
protein quality control.

The RQC pathway involves multiple steps that are controlled
by several factors The stalling of ribosomes on aberrant
mRNAs, which can be caused by a variety of stresses like rare
codon repetitions, excessive mRNA structure, the lack of a
stop codon, and the presence of a poly(A) sequence, is a
trigger for RQC. Hel2/ZNF598 initially detects these stalled
ribosomes by binding to the 40S ribosome subunit and
ubiquitinating the ribosomal proteins Rps/0 and Rps20. This
causes the stalled 80S ribosome to split into 40S and 60S
subunits through the Dom34/Pelota-Hbs1 (Sandaramoorthy et
al., 2016; Garzia et al., 2017). The ASCC3 helicase subunit of
the RQC trigger (RQT) complex is crucial for the splitting of
the colliding ribosome in humans. The 60S subunit remains
attached to a nascent peptidyl-tRNA conjugate while the 40S
subunit is released for recycling. While the 40S subunit is
released for recycling, the 60S subunit remains attached to a
nascent peptidyl-tRNA conjugate. Then, nuclear export
mediator factor (NEMF) binds to the 60S subunit and adds C-
terminal alanine and threonine residues (CAT-tails) to nascent
polypeptides (Kostova et al., 2017; Osuna et al., 2017).
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Rqc2/NEMF detects these obstructed 60S subunits and then
recruits LTNI1/Listerin, an E3 ligase, for nascent peptide
ubiquitination. This polyubiquitinates the nascent polypeptides
with CAT-tails for further proteasomal degradation (Shao et
al., 2015; Shen et al., 2015). The first known RQC component
for nascent peptide ubiquitination is LTN1/Listerin. Another
RQC complex subunit, Rqcl/TCF25, is necessary for the
production of K48-linked ubiquitin chains. The ubiquitin
signal recruits the VCP-Ufd1-Npl4 complex, which extracts
and delivers the nascent chain to the 26S proteasome for
degradation (Filbeck et al., 2022).

Apart from the RQC, co-translational quality control of
nascent polypeptides in aberrantly stalled ribosomes is also
regulated by a cellular pathway involving UFM1, a ubiquitin-
like posttranslational modification covalently attached to a
lysine residue of substrates (Wang et al., 2020; Wang et al.,
2021). El-like UBAS, E2-like UFCI1, and E3-like UFL1 are
involved in UFMylation, as is known for the ubiquitination
pathway (Gerakis et al., 2019; Banerjee ef al., 2020). DDRGK
and CDKS5RAP3, two essential components that mediate
UFMylation of substrate proteins in the ER, form a complex
with UFL1 (Wang et al., 2020; Wang et al., 2021).

RQC and human diseases: Ribosome stalling and collisions
can occur due to several cellular mechanisms such as
truncated ORFs, lack of stop codons, or early polyadenylation,
which impact a sizable portion of mRNAs (Pelechano et al.,
2013).The significance of RQC in maintaining cellular
homeostasis is highlighted by the recognition that cells
respond to ribosome collisions in a variety of ways, including
interventions at the collision site, the translation of affected
mRNAs, and broader impacts on general translation. Various
human diseases have been linked to disruptions in the RQC
pathway as well as dysregulated expression or mutations in
key "RQC factors". Based on the detection of relevant
phenotypes in genetically modified animal models, they
encompass mutations or dysregulated expression of the RQC
pathway  components associated with the disease
pathophysiology (McGirr et al., 2025). In the subsequent
paragraph using few representative samples were describe the
unique/salient features of few disorders in detail.

Neurodegeneration and neurological disorders: There is
growing  evidence linking RQC  dysfunction to
neurophysiological impairment and the development of
neurological disorders (Tseng et al., 2023). For instance, the
protein TDP-43, a hallmark of some neurodegenerative
diseases, interacts with the activated ribosomal protein
receptor, causing ribosome stalling and subsequent the
formation of cytoplasmic vacuoles (Russo et al., 2017).
Similarly, ribosome stalling caused by the mutant huntingtin
protein hinders protein synthesis and lead to a loss of function
(Eshraghi et al., 2021). The health and function of cells suffer
significantly as a result of this disruption of regular cellular
functions. Toxic protein aggregates may also build up as a
result of mutations in other RQC pathway factors. These
aggregates may exhibit a "gain-of-function" characteristic,
which is frequently linked to degenerative diseases (Wang et
al., 2025). Dysregulated proteostasis and build-up of protein
aggregates are hallmarks of several neurological disorders
(Tsoi et al., 2023; Wilson et al., 2023). Because of their long
lifespan, limited potential for regeneration, intricate synaptic
connections, and restricted immune clearance, neurons are
especially susceptible to protein misfolding and aggregations.

Accordingly, a dysfunctional RQC may have a
disproportionate impact on neuronal growth and function,
leading to neurological diseases (McGirr et al., 2025). In
probands belonging to different families with neurological
characteristics disruptive mutations in the GTPBP2 gene have
been reported (Jaberi et al., 2016; Bertoli-Avella et al., 2018).

Huntington's disease: Huntington's disease presents with
psychological, cognitive, and movement impairments. The
causative reason is the expansion of CAG trinucleotide repeats
in exon 1 of the Huntingtin (H77T) gene (Ormsby et al., 2020),
which leads to the development of a polyglutamine (polyQ)
tract in the encoded protein. The H7T mRNA's CAG repeats
change the dynamics of elongation and result in ribosome
collisions. As a result, the mutant HTT (mHTT) protein
contributes to the neurotoxic phenotype and is prone to
intracellular aggregation (Sobti et al., 2023). Additionally, by
sequestering the elongation factor elF5A, translation of the
mHTT mRNA increases ribotoxicity. Reduction in available
elFSA compromises co-translational proteostasis and stress
responses and exacerbates ribosome stalling on eIF5A-
dependent sites (usually proline-rich motifs) (Aviner et al.,
2024). HTT is a multifunctional protein involved in essential
cellular processes, including vesicular transport, synaptic
transmission, and autophagy (Masi et al., 2022). However, the
mutated form of HTT impairs its normal function and prevents
protein synthesis by slowing ribosomal translocation.
Interestingly, mHTT binds to ribosomes and specifically
affects many target messenger RNAs' (mRNAs') and
translocation (Eshraghi et al., 2021). This aberrant interaction
causes ribosome stalling during translation elongation by
hinders protein synthesis and interfering with ribosomal
translocation. As a result, mHTT acts as a strong inhibitor of
translation elongation rates, leading to persistent ribosome
stalling that damages collisions and disrupted protein synthesis
(Nithianantharajah ef al., 2013).

Alzheimer's disease: AD is a chronic, long-term, progressive
neurodegenerative condition characterized by deteriorating
memory and cognitive function. It is the most common type of
dementia in elderly individuals. The dysfunctional metabolism
of the amyloid precursor protein (APP) mRNA translation
leads to the formation of CAT-tailed protein that accelerate the
B-amyloid (AP) plaques derived from Af,,cleavage products of
APP that drive disease progression (Scheltens et al., 2021).
During co-translational translocation of the APP C-terminal
fragment (APP.C99), ribosomes stall at the ER membrane,
resulting in truncated proteins with aggregation-prone CAT-
tails. This accumulation leads to endolysosomal/autophagy
defects, seeding AP peptide aggregation. Brain tissue from AD
patients shows enrichment of mutations in ZNF598, NEMF,
and ANKZFIgene coded proteins in the nuclei of amyloid
plaques, consistent with the hypothesis that ribosome collision
may contribute to the pathogenesis of AD (Rimal et al., 2021).

Parkinson's disease: Parkinson's disease (PD) is a
neurodegenerative disorder that primarily affects the motor
system and progresses over time. Movement and coordination
are affected by dopamine deficiency and dopaminergic neuron
loss. The model that PINK1-mediated mitophagy causes the
buildup of defective mitochondria and PD pathogenesis was
developed after PINKIgene mutations were found in familial
PD (Jankovic et al., 2020). Notably, late-stage PD and
PARKI 1 familial PD have been shown to contain mutations in
the GIGYF?2 gene, which maps to the PARK11 locus
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Table-1. A brief list of Human disorders associated with ribosome biosynthesis abnormalities

References

ERS

face, arm or leg, fainting,
confusion, and severe
headache.

Disease Dysfunction Clinical manifestation Therapeutic regimen

Dyskeratosis congenita DKC1 gene defect The triad of oral leukoplakia, | Surveillance for associated
nail dystrophy, and reticular | complications;  stem  cell
hyperpigmentation transplantation

Cartilage hair hypoplasia | RMRP gene defect Short limbed short stature, | Prevention  of  secondary
hypoplastic hair, defective | complications.
immunity and
erythrogenesis.

Congenital mental | NUFIP-1 Severe  distraction, poor | None

retardation memory, and speech ability.

Stroke Disturbance of ribophagy and | Sudden weakness on one | Thrombolytic therapy; surgery

Zhao et al., 2023

Motor neuron disease NEMF mutation Motor neurons degeneration, | Respiratory support,
neurogenic muscle atrophy, | nutritional support,
and movement disorders. symptomatic treatment, drug

treatment

Jabi-Elahi syndrome GTPBP2 mutation Dystonia, motor and sensory | Symptomatic treatment, drug
neuropathy, ataxia, and | treatment
cognitive impairment.

Uterine cancer RPL234 gene amplification | Painless hematuria, frequent | Surgery, chemotherapy,

and RPSA gene mutation urination, urgency and other | radiotherapy,
urinary symptoms.

Metastatic neuroblastoma | Mutations of NUFIP-1 Fever, general malaise, | Surgery, chemotherapy,
weight loss, bone pain, | radiotherapy
constipation or diarrhea.

Acute lymphoblastic | Mutations of union gene | Fever and infection, | Hematopoietic =~ stem  cell

leukemia Anemia, ETV6-NUFIP1 bleeding, and organ tissue | transplantation, induction
infiltration. therapy; post remission

therapy; consolidation
chemotherapy with a
cytarabine-based regimen.

Lupus-like syndrome Ro protein An autoimmune syndrome | Promoting the expression of
characterized by  anti- | Ro protein, avoiding
ribosomal antibodies, anti- | ultraviolet radiation,
chromatin antibodies, and | immunotherapy.
glomerulonephritis.

Inflammatory bowel | Decline of ribosome | Abdominal pain, diarrhea, | Targeted regulation of

disease biogenesis elF5A bloody stools, and weight | ribosome biogenesis elF5A.
loss.

Hepatitis C Disorder =~ of interaction | Nausea, decreased appetite, | Targeting the interaction
between ribosomal proteins | general — weakness, and | between ribosomal proteins
and 18SrRNA jaundice. and 18SrRNA.

Severe sepsis Nucleophosmin Organ dysfunction, | Acting as an alarmin to detect
circulatory ~ failure, and | severe sepsis patients early.
shock.
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Figure 1. Mechanisms of Ribosome biogenesis and maturation and the components involved
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Figure 3. Abnormal ribosome biogenesis and its role in various human diseases

(chromosome 2q37)(Zhang et al., 2015; Lautier et al., 2008).
These mutations have also been associated with an elevated
risk for PD (Ruiz-Martinez et al., 2015). It has been suggested
that PINKI protein activates mitophagy by triggering RQC on
nuclear-encoded mRNAs that produce mitochondrial outer
membrane proteins during mitochondrial damage. Ribosome
stalling on these mRNAs causes NOT4 protein to ubiquitinate
ABCE] in response to mitochondrial stress. The process of
mitophagy is initiated when ubiquitinated 4ABCE! attracts
autophagy receptors to the outer membrane of the
mitochondria. ABCE! and HBSIL genes were significantly
downregulated in brain tissue samples from PD patients when
compared to healthy individuals, according to differential
expression analysis (Wu et al., 2018). These results emphasize
the critical role of the RQC process in the pathogenesis of PD
(Wuetal., 2019).

Neuromuscular diseases: Amyotrophic lateral sclerosis
(ALS) is a diverse heterogeneous neurodegenerative disease
affects motor neurons. It causes progressive muscular
weakness, respiratory failure in most cases (Mehta et al.,
2022). The increase of the GGGGCC (G4C2) repeats in the
Chromosome 9 open reading frame 72 (C9ORF72) gene is
typically associated with ALS. One of the main causes of
neurotoxicity in ALS patients is proteotoxicity resulting from
arginine-containing  dipeptide  repeats obtained from
mistranslated COORF72 expansion transcripts (Feldman et al.,
2022; Kriachkov et al., 2023). The most common genetic
mutation reported in familial cases of ALS with
frontotemporal lobar degeneration (ALS/FTD) is the
expansion of intronic G4C2 hexanucleotide repeats within
C90ORF72 (Renton et al., 2011). Dipeptide repeat (DPR)
proteins aggregate as a result of the G4C2 repeats tendency to
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encode repeat amino acids and have the propensity to form
complex secondary structures. Further, by inhibiting ribosomal
elongation, which eventually initiates the RQC pathway, the
G4C2 repeat induces ribosome collisions (Liu et al., 2021).
Increased DPR expression and aggregation may result from
RQC pathway dysfunction, which ultimately stimulate cellular
stress and toxicity. Despite initiating the RQC pathway, the
RQC complexes LISTERIN and NEMF cannot effectively
ubiquitinate these DPRs because they lack lysine residues
(Viera Ortiz et al., 2023). Remarkably, repetitive RNA
sequences can be used by the Pelota and ZNF598 RQC factors
to modify translation dynamics (Latallo et al., 2023).

Research  studies on  neurons  generated through
re-differentiations of induced pluripotent stem cells (iPSCs)
derived from C9ORF72 ALS patients revealed an impaired
RQC activity in these cells, as a result of lower expression of
ZNF598 (Park et al., 2021). Additionally, due to lack of lysine
residues, these nascent peptides are resistant to
LTN1-mediated ubiquitination and proteasomal degradation
(Viera Ortiz et al., 2023). The positively charged amino acid
sequences of the mitochondrial targeting sequence (MTS) in
the N terminus of nuclear-encoded proteins are typically
recognized by the translocase of the outer membrane (TOM)
complex at the surface of mitochondria, which then facilitates
their importation into mitochondria (Avendano-Monsalve et
al., 2022).The C9ORF72 expansion's arginine-rich region
imitates the MTS and interacts with the TOM complex,
leading to importation of the nascent protein into
mitochondria, and causing further toxicity (Li ez al., 2020).
Notably, ribosome stalling is frequently caused by translation
of mRNAs that encode mitochondrial proteins close to the
outer mitochondrial membrane. To prevent the aggregation of
these peptides, which otherwise could result in sequestering
mitochondrial chaperones and toxicity, Vmsl binds to 60S
ribosomes at the mitochondrial surface to prevent CAT-tailing
of proteins already engaged with import machinery (Izawa et
al., 2017).

Schizophrenia: Schizophrenia (SCZ) is a complex syndrome
characterized with a wide range of clinical manifestations and
positive and negative symptoms (Wang ef al., 2025). SCZ has
a complicated etiology that is influenced by both
environmental and genetic variables. However, recent research
findings indicate that dysregulation of translational control
may contribute to the development of SCZ (Hui et al., 2019).
A study identified a variant in the LISTERIN gene increased
the risk of SCZ (Lencer et al., 2017) with lower levels of
expression. These findings provide support to evidences for
LISTERIN role in SCZ pathogenesis, potentially by impacting
translation and consequently affecting neural activity (Farhang
etal., 2022).

Developmental and congenital disorders: Developmental
and neurodevelopmental deficits are linked to RQC deficiency
as indicated by several research publications. Due to
downregulation of ABCE1, accumulation of stalled ribosomes
has also been seen during the terminal differentiation of
platelets and erythroid cells (Mills et al., 2016). Rare biallelic
loss of function mutations in HBS/L have been linked to range
of phenotypes including developmental defects include global
developmental delay, severe intrauterine growth restriction,
microcephaly, submucous and cleft palate (Sankaran et al.,
2013). Human hearing loss and aberrant limb development are
linked to familial mutations in ZAKa's sterile alpha motif

(SAM) motif (Spielmann et al., 2016). These SAM domain
mutants may acquire a constitutively active conformation
according to research (Vind et al., 2020). There have also been
reports of unique (tissue-specific) and temporal developmental
defects due to deficiency of other "RQC factors." In prenatal
cerebellar neurogenesis Pelo and HBS/L elimination have a
major impact but it does not influence survival after
development (Terrey et al., 2021).

Severe neurodevelopmental deficits result from RQC
deficiency. In neurons with decreased Ltn/ mRNA expression,
the tetratricopeptide repeat domain 3 (77C3) protein and the
UFMylation signalling proteins UFMI1, UFLI, and
CDKSRAP3 are upregulated, leading to developmental
abnormalities. This causes the ribosomal protein RPL26 to
become highly UFMylated. It is a ubiquitin-like
posttranslational modification that facilitates the proteasome-
mediated degradation of stalled polypeptides. Furthermore, by
inhibiting translation initiation—a mechanism that may be
facilitated by RPS2 ubiquitination—77C3 reduces the build-up
of translationally stalled products. On the other hand, aberrant
TTC3 protein accumulation during neuronal development
causes dendritic abnormalities and decreased surface-localized
GABA, receptors. In model organism study T77C3
accumulation is consistently observed in Ltnl-deficient,
leading to dendritic and synaptic abnormalities as well as
behavioural deficits linked to cognitive problems (Endo et al.,
2023).

Fragile X syndrome (FXS): Fragile X syndrome (FXS) is the
most prevalent inherited form of intellectual disability,
characterized childhood seizures, and autistic behaviours. One
possible potential contributing factor to FXS pathobiology is
excessive mRNA translation, especially of the highly abundant
and efficiently translated mRNAs that encode ribosomal
proteins (Seo ef al., 2022). FXS is caused by loss of function
of the Fragile X mental retardation protein (FMRP), which is
necessary for synaptic plasticity and neuronal development.
FMREP stalls ribosomes along the coding regions of mRNAs
associated with autism, neuronal development, and synaptic
function. Studies show that loss of FMRP relieves these stalled
ribosomes (Anadolu et al., 2023; Das Sharma et al., 2019;
Scarpitti et al., 2024). Potential interactions between FMRP
and "RQC factors" including ZNF598 (Youn ef al., 2018) and
ZAKa were found by a high-throughput interactome analyses.
These findings further suggest a cross-talk between FMRP-
mediated stalling and the RQC pathway (Wu et al., 2018).

Metabolic stress and diseases: Numerous evidence highlights
the complex interaction between RQC and metabolic stress,
which is essential for maintaining cellular homeostasis and
responding to stress. Through a various mechanism, metabolic
imbalances can impede MRNA translation and result in
ribosome stalling. These include stalling due to a limited
availability of specific amino acids or the tRNAs that
correspond to them (Darnell et al., 2018; Rubio et al., 2021).
Also, the RQC can be triggered by oxidative and alkylating
stressors that cause ribosome stalling. Both RNAs and
components of the translation machinery may be directly
impacted by such stresses. For example, changes in cellular
redox levels induced by treatment with reactive oxygen
species (ROS) and the lipid electrophile 4-hydroxy-2-nonenal
(Topf et al., 2018) cause ribosomal proteins and translation
factors to be oxidized, changing their functions (Chio et al.,
2016). It has been demonstrated that excessive ROS
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production damages translation factors and tRNAs and causes
ribosome stalling and collision (Snieckute et al., 2023).
Modifications of ribosomal proteins by oxidative stress may
potentially interfere with translation elongation or termination
and cause the translating ribosomes to stall. These
modifications render difficulty in ribosomal coding which
could result in ribosome stalling. Research implicates when
oxidizing and alkylating agents or UV radiation are applied to
adducts colliding ribosomes can be resolved by RQC (Yan et
al., 2019; Stoneley et al., 2022). RNA-protein crosslinks due
to treatment with aldehydes may cause ribosome stalling
(Suryo Rahmanto et al., 2023). The resolution of colliding
ribosomes resulting from aldehyde-induced RNA-protein
crosslinks and the maintaining cellular fitness depend on the
GCNI/GCN2 and ZAKo-mediated RQC (Zhao et al., 2023).
Significant impacts on metabolic fitness can arise from
excessive ribosome collisions, which cause the activation of
ISR mediated by GCNI/GCN2 or RSR mediated by ZAKa.

Cancer: The accelerated cell proliferation in cancers needs
significant substantial cellular resources, such as increased
protein synthesis and higher ribosome content. Therefore, total
translation activity and ribosome biogenesis are frequently
increased during oncogenic transformation (Ebright e al.,
2020), in part stimulated by mTORCIsignaling pathways
(Alboushi ef al., 2021). This higher rate of translation may also
augment the risk of ribosome collisions in cancer cells, given
the increased likelihood of ribosome collisions on highly
translated mRNAs (Park et al., 2019; Goldman et al., 2021).
Elevated cancer risk is increased by ribosome stalling caused
by chemical modifications to mRNAs, ribosomes, and
translation factors. Further risk is contributed by metabolic
stresses due to oxidative agents such as ROS and nitric oxide
(Hayes et al., 2020), Excessive production of aberrant
mRNAs, such as abnormally spliced (Zhang et al., 2021),
polyadenylated mRNAs (Xiang ef al., 2018), and dysregulated
RNA modifications such as pseudouridination can further
exacerbate the potential for ribosome stallingin cancer as
evidenced through cell lines studies (Hu et al., 2023).

Several "RQC factors" have been found to have mutations or
dysregulated expression in a variety of cancer types. For
example, tumorigenesis is associated with increased
expression of p97/VCP, and a number of inhibitors have
shown promising anti-cancer effects thus providing evidence
for the role of p97/VCP (Li et al., 2021). The interpretation of
p97/VCP's participation in p97/VCP-dependent RQC in cancer
is complicated by the fact that it is involved in pathways other
than RQC, such as the Endoplasmic Reticulum-Associated
Protein Degradation (ERAD) pathway. It's interesting to note
that when p97/VCP is inhibited, activation of oncogenic
HRAS or the AKT pathways, which result in increased mRNA
translation, increases proteotoxic stress and cell death (Lee et
al., 2024). Several genes involved in ribosome biogenesis have
been implicated in Cancer. The ZAK Gene encodes two major
kinase isoforms, with ZAKa acting as a crucial cellular sensor
for ribotoxic stress and ribosome stalling. The epithelial-
mesenchymal transition (EMT) and cell motility are linked to
ZAKua's oncogenic activity in colorectal cancer (Li et al.,
2018; Rey et al., 2016). Further, ZAKa expression shows a
negative correlation with survival and substantially increased
in several cancers gastric, colorectal, breast, and urinary
cancers (Zhou et al., 2019; Li et al., 2018; Rey et al., 2016;
Tang et al., 2019).

Blood diseases

Diamond-Blackfan anemia (DBA): Diamond-Blackfan
anemia (DBA) is a bone marrow failure syndrome in which
the number of erythroid precursor cells in the marrow of
patients is markedly decreased or even disappears, which
increases the risk of malignant transformation (Da Costa et al.,
2020; Dorn et al., 2021). It is heterogeneous genetic disorder
characterized by red blood cell aplasia in association with
skeletal anomalies, craniofacial anomalies, thumb deformities
and short stature (Lipto et al., 2009). Chronic macrocytic-
normochromic anemia, low reticulocyte count, and decreased
or totally absent erythroid precursors characterized by failure
of erythropoiesis with normal production of leukocytes and
platelets in the bone marrow, are the main hematological
features of DBA (Ball et al., 2011).

Mutations and deletions in either the large or small ribosomal
protein genes results in an imbalance between the biosynthesis
of rRNA and ribosomal proteins, which ultimately activates
the p53 oncogene. Both congenital and acquired bone marrow
failure syndromes in humans are generally linked to
abnormalities in bone marrow function in DBA (Engidaye et
al., 2022). Recent advancements in genetic diagnostic
technology have revealed that mutations in genes encoding
ribosomal proteins, such as RPS19, RPS24, RPS17, RPL354,
RPLS5, and RPLI1, in DBA patients. However, the clinical
manifestations resulting from different ribosomal gene
mutations are quite varied. For instance, patients with RPLI]
mutations were more likely to acquire thumb abnormalities,
and RPL5 mutations were strongly associated with craniofacial
malformations (Zhao et al., 2022).

Shwachman-Diamond syndrome (SDS): SDS the inherited
ribosomopathy, is characterized by bone marrow failure and a
high risk of myeloid malignancies at an early age. Shwachman
Bodian Diamond Syndrome (SBDS) gene is the genetic cause
for developing SDS (Kawashima et al., 2023). The protein
serves as a cofactor for elongation factor-like GTPasel
(EFL1), which cleaves the large ribosomal subunit of
eukaryotic translation initiation factor 6 (elF6) enabling the
60S subunit to attach the 40S ribosomal subunit to form an
active ribosome (Stepensky et al., 2017; Venturi et al., 2020).
Specifically, elF6 is removed from the 60S subunit along with
SBDS due to mutations in DNAJC21, EFLI, SRP54, and other
genes linked to SBDS (Stepensky et al., 2017; Carapito et al.,
2017). SDS also results from a failure to release eIF6 (Tan et
al., 2019). Coprecipitation and sucrose gradient studies
implicate SBDS is attached to 28S rRNA as a part of the
mature 60S ribosomal subunit and with pre-60S subunit
(Ganapathi et al., 2007). Additionally, cell line studies
demonstrate decreased expression of several ribosomal protein
genes in SDS cells such as RPSY9, RPS20, RPL6, RPLI),
RPL22, RPL23, and RPL29 involved in cell growth and
survival. Also, in aberrant expression of numerous genes
involved in rRNA and mRNA processing (Rujkijyanont et al.,
2009; Jiao et al., 2023).

Cardiovascular diseases (CVDs)

Cardiac  hypertrophy: Inflammatory cardiomyopathy,
pressure or volume overload, and prolonged stimulation can all
result in cardiac hypertrophy, an adaptive response that
eventually causes heart failure (Packer, 2021; Gao et al.,
2021).
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According to recent research, ribosome biogenesis plays an
important role in cardiac hypertrophy by promoting or
inhibiting the pathological process (Liao ef al., 2021; Gelinas
et al., 2018). The degree of phosphorylation of RNA Pol I and
the upstream binding factor (UBF) are positively correlated
with the rate of rDNA transcription. Research has shown that
by upsetting the UBF/SL1 complex, the hypophosphorylated
form of UBF inhibits rDNA transcription (Theophanous et al.,
2023). According to Zeitz et al. (2020), there is a correlation
between the phosphorylation of UBF and the proliferation rate
of cultured newborn cardiomyocytes. UBF
hyperphosphorylation is linked to endothelin-1-induced
cardiac hypertrophy (Jen et al., 2016). Furthermore, in
conditions of ol adrenergic receptor or stress-load-induced
cardiac hypertrophy, elevated rDNA transcript levels are
linked to elevated UBF protein levels (Jiao et al., 2023). In
addition to acting as the primary scaffold for ribosomal
subunits, TRNA is also the focal point of catalytic activity
during ribosome biogenesis (Liu et al., 2021). The aberrant
pre-rfRNA processing results in ventricular hypertrophy,
disturbs the balance of cardiac proteins, and damages ribosome
structure and function (Nieto et al., 2021).

Myocardial infarction (MI): MI is caused by blockage of the
coronary artery (Dagenais et al., 2020). Ribosome dysfunction
has been shown in numerous studies to be a significant factor
in MI (Tran et al., 2020) MI-induced ribosomal dysfunction is
associated with downregulation of Ncl, *RNA, RPL9, and
RPL26 genes (Tong et al., 2019).

Atherosclerosis: Atherosclerosis is an inflammatory disorder
caused by lipid accumulation in the artery wall intima and
subsequent thickening (Fonseca et al., 2022; Xianget al.,
2022). Macrophages cells contribute to atherosclerosis by
phagocytising lipid droplets to produce foam cells and hasten
the disease's progression (Xiang et al., 2022). Further, aberrant
vascular smooth muscle cell (VSMC) proliferation speeds up
the atherosclerosis by encouraging artery intimal hyperplasia.
Ribosome biogenesis regulates cell division and proliferation.
Three essential processes are known to be involved in
ribosome biogenesis: the synthesis of rRNA, the synthesis of
ribosomal proteins (RPs), and their assembly into the mature
ribosome (Zisi et al., 2022; Klinge et al., 2019). The PES-
BOP1-WDRI12 (PeBoW) complex, which binds to pre-rRNA
and promotes 47S pre-rRNA into mature 28S and 5.8S rRNA,
is closely associated to the maturation of rRNA during
ribosome assembly. 28S and 5.8S rRNA is produced by the
main regulator of the PeBoW complex (Jia et al., 2021).
According to Jia et al. (2021), patients with atherosclerosis
have elevated BOP1 in their coronary arteries accompanied by
neointimal hyperplasia brought on by VSMC proliferation.
Consequently, elevated BOP1 and PES1 expression stimulates
ribosome biogenesis, which results in aberrant VSMC
proliferation and atherosclerosis.

Innate immunity and response to viral infections:
According to research evidence several "RQC factors" may
also be involved in the regulation of the innate immune
response. Depletion of ASCC3 an interferon-stimulated gene
(ISG) (Martineze et al., 2006), results in decreased replication
of several positive-strand RNA viruses belonging to the
Flaviviridae, Togaviridae, and Picornaviridac families (Li et
al., 2013). Whereas, the increased expression of several other
ISGs such as [IFI44, RSAD2, and IFIT2? decrease the
replication Additionally evidence suggests a direct role for

RQC in promoting infection and DNA viral replication. ISG
activation of the cGAS/STING pathway, and relocation of
cGAS from the nucleus to the cytosol are all consequences of
RQC deficiency. Interestingly, when ribosome collisions are
more frequent, cGAS exhibits a preference for binding to
collided ribosomes (Wan et al., 2021). A unique 5’ UTR with
an uninterrupted poly(A) sequence is present in poxviruses
belonging to the family of double-stranded DNA viruses (Jha
et al., 2017). The translation of viral mRNAs and reporter
mRNAs with a poly(A) sequence in their 5 UTRs are
facilitated by the phosphorylation of RACKI1 by the viral Bl
kinase. Importantly, Vaccinia infection triggers the
ubiquitination of tiny ribosomal proteins and efficient viral
mRNA translation and infection depend on the presence of
functional ZNF598 (DiGiuseppe ef al., 2018; Sundaramoorthy
etal., 2021).

Another ISG that prevents viral replication is viperin, which
also causes broad-spectrum suppression of cellular and viral
mRNA translation. This is accomplished by catalysing the
conversion of cytidine triphosphate (CTP) into 3'deoxy-3’,4'-
didehydro-CTP (ddhCTP), which randomly incorporates into
RNAs and causes ribosome collision with activating
ZAKa/GCN2-mediated ISR and translational repression (Hsu
et al., 2022). In contrast, other evidence suggests that RQC
might potentially contribute to repression of viral infection and
increase immune response activation when viral infection is
detected. By preventing the translation of the EBV Nuclear
Antigen 1 (EBNA1) mRNA in infected cells, RQC may also
block the Epstein-Barr virus (EBV). To overcome this, the
ubiquitin residues on the 40S subunits and the nascent EBNA1
protein are removed by the virally encoded ubiquitin
deconjugase (vDUB) BPLF1, which is catalyzed by ZNF598
and LTNI1, respectively (McGirr et al., 2024). As a result, the
entire protein is produced and the stalled ribosome on the viral
mRNA is read through (Liu et al., 2023). By promoting the
proteasomal degradation of the viral protein and improving its
presentation on MHC class I, RQC also helps to activate the
CD8+ T cell-mediated immune response to viral infection
(Trentini et al., 2020).

Other disorders

X-linked dyskeratosis congenita (X-linked DC): Mutations
in the DKCI gene, which codes for dyskerin, are connected to
X-linked dyskeratosis congenita (X-linked DC) (Nguyen et al.,
2020). The pseudouridylation of particular uridine residues in
newly generated rRNAs is catalyzed by the enzyme dyskerin
(Garus et al., 2021). When linked to small nucleolar RNAs
(snoRNA), pseudouridines regulate ribosome and rRNA
biosynthesis. X-linked DC patient cell lines show
abnormalities in rRNA processing and altered snoRNA
regulation (Venturi et al., 2020). Moreover, rRNA 2'-O-
methylation is altered by NPMI mutations in DC patients
(Nachmani et al., 2019).

Cartilage Hair Hypoplasia (CHH): The RNA component of
the mitochondrial RNA processing endoribonuclease (RMRP)
gene is mutated in Cartilage Hair Hypoplasia (CHH), an
autosomal recessive condition (Welting et al., 2004). RMRP is
a long noncoding RNA (IncRNA) that contributes to tRNA
maturation and RNase-MRP complex formation. Classified as
snoRNAs, RMRP in mitochondria encodes the RNA
component of RNase-MRP and is involved in several steps of
ribosomal RNA synthesis (Narla et al., 2010).
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Ribosome biogenesis is shown to be reduced in CHH
fibroblasts (Steinbusch et al., 2017; Jiao et al., 2023).

DISCUSSION

The capacity to convert genetic information into useful
proteins is seen as a significant evolutionary milestone.
Through selecting processes that have given each species a
distinct fitness to their individual niches, nutrient availability,
diet composition, and developmental programs have shaped
the human beings (Tu ef al., 2023). Numerous intrinsic and
environmental factors have altered the complexity of life thus
influencing the evolution of sophisticated biological
mechanisms to respond to these stimuli (Duclos ef al., 2019).
Proliferating cells need a constant supply of structural and
catalytic proteins to feed, develop, and divide, highlighting the
significance of protein synthesis (Hoerter et al, 2026). The
multi-unit complex known as the ribosome is responsible for
translating mRNA into protein. The process that produces
ribosomes is known as ribosome biogenesis is crucial for cell
division, proliferation, apoptosis, development, and
transformation. Research has shown that the ribosome
influences the pace of protein synthesis and is involved in cell
division, proliferation, apoptosis, and transformation thus
enabling cellular homeostasis. The process is regulated by the
various signalling pathways, indicating the necessity of
coordination, specificity, and diversity.

The main mediators that collaborate with RNA polymerases
and ribosomal proteins to regulate ribosome biogenesis and
protein synthesis are the mTORCI1, Myc, and noncoding RNA
signalling pathways. Pharmacologic drugs have been used as
therapy interventions to target the pathways. mTOR signalling
has been shown to be a successful method of controlling the
growth of cancer (Gentilella et al., 2015), studies support
MYC targeting in cancer treatment (Koh et al, 2016).
Ribosome-related illnesses, including COVID-19 viral
infection, bacterial resistance, cardiovascular diseases (CVD),
blood disorders, neurological diseases, and cancer, can be
caused by ribosome anomalies that significantly impact cell
fate. The process of constructing the ribosome complex,
known as ribosome biogenesis, is a highly coordinated process
that is intimately linked to a number of important cellular
functions was covered in the previous section of the review.
From its synthesis to its breakdown, the ribosome, an essential
organelle for the preservation of protein homeostasis, performs
intricate translational tasks under the guidance of numerous
quality control systems.

However, ribosomal dysfunction can result from dysregulation
and impairment of ribosome compositions and functions due
to exposure to internal or external adverse stimuli. As
discussed in detail in the previous section deeper/in depth
insights have accumulated over the last two decades on several
aspects of ribosome biosynthesis. However, number of
constraints necessitate in-depth investigations, such as the
relationship  between RQCS  malfunction and the
pathophysiology of human diseases. Deeper knowledge of the
pathophysiological role of RQCS in human disorders appears
to be hampered due to investigations in yeast, in vitro tests,
and mammal-based studies which don’t completely
recapitulate the translational significance to humans. There is a
lack of dynamic monitoring of ribosome function in diseased
cells. Lastly, there are currently relatively few particular
markers that represent the ribosome's functioning condition.

Since the protein synthesis machinery is essential for both the
immune response and viral proliferation, ribosomes play a
vital role during infection (Sohier et al., 2026). Understanding
the function of ribosomes in viral infections can be gained
from studying the biology of viruses in human cells. This
prospect enables basic studies such as gain understanding of
the molecular and cellular processes involved in ribosome
biogenesis and related processes. The importance of ribosome
biogenesis in cellular processes and pathology has been
highlighted by the coronavirus illness pandemic. Through a
variety of mechanisms, SARS-CoV-2 controls ribosome
biogenesis in host cells (Jiao ef al., 2023). The SARS-CoV-2
virus uses Nspl to cleave host mRNAs while preventing their
entry. It has been demonstrated that SARS-CoV-2 infection
impacts ribosome biogenesis, resulting in viral replication and
immune evasion. The ribosomes of the host cell are used by
viruses to make proteins. For instance, coronaviruses exploit
frameshift to create viral proteins by taking over the cell's
translation process (Kelly et al., 2021). According to recent
research, the ribosome is not a static structure but can
experience dynamic variations in composition and function
(ribosomal heterogeneity), which may have an impact on the
equilibrium between host defence and viral proliferation.
Drugs that target viral infections may be developed using this
knowledge Pott et al., 2026.

In the current situation, drug-resistant microorganisms are
developing far more quickly than antibiotics. An appealing
target for the creation of novel antibiotics is ribosome
biosynthesis (Lin ef al., 2018). Research is being conducted to
produce antibiotics that target novel locations on the ribosome.
Antibiotics that target bacterial ribosomal protein production
can be produced with a thorough understanding of ribosome
structure. In the area of structural and cell biology
investigation into shape, structure, translocation, and ribosome
"frameshift," stalling, and ribosome collision can all be
precisely evaluated using a number of novel technologies,
including polysome profiling, ribosomal sequencing, cryo-
electron microscopy, and translating ribosome affinity
purification. In addition, these technologies have significantly
increased our knowledge of "ribosome diseases." Additionally,
they have offered fresh goals for the accurate identification
and management of many illnesses.

The understanding that cells react differently to ribosome
collisions highlights the importance of RQC in preserving
cellular homeostasis. Numerous tissues are impacted by the
related human diseases as evidenced by the range of
phenotypes discussed in the review and in literature. Thus,
RQC has an impact on cell differentiation and development.
Its role in maintenance of cellular homeostasis is highlighted
by their involvement in stress and metabolism.
Neurodegenerative illnesses have been associated with a range
of mechanisms such as "gain-of-function", translation errors,
protein  aggregation, autophagy, deubiquitination, and
mitophagy. Mutations and deletions and aberrations of
elongation factor are reported in haematological disorders.
Repeat domain alterations and posttranslational modifications
along with mutations in genes is a common theme emerging
from research. Furthermore, their significance in ribosome
biogenesis is highlighted by mutations in a number of genes
related to ribosome biosynthesis, accessory proteins, and
ribosomal proteins. These observations highlight the diverse
role of ribosome biogenesis in protein synthesis.



14589

Mahalakshmi and Kiran Kumar, Ribosome biogenesis in disease and therapeutic targets

Although the underlying mechanisms of CX-3543, BMH-21,
and CX-5461 differ, clinical trials have demonstrated their
promise for ribosome-targeted treatment methods (Bywater et
al., 2012; Gitareja et al., 2025). However, a crucial
prerequisite is the right dosage of ribosome biogenesis-based
treatment that is effective without producing serious side
effects. To find novel treatment targets, a thorough
examination of the mechanisms underlying drug resistance is
also required. The identification of aberrantly expressed
proteins in the plasma of patients with certain disorders has
been made possible by ribosome-sequence technology in
clinical medicine (Kunamneni et al., 2020). Ribosome-Halo
technology allows for a thorough monitoring of ribosomal
protein abundance. It is acknowledged that there is a critical
need in oncology for methods to precisely inhibit cancer
without impairing the function of normal cells by loading
therapeutic medicines onto cancer-specific sites. According to
Elhamamsy et al. (2025), ribosome biogenesis is facilitating
precision medicine and creating a trend for the hierarchical
care of many individuals with various illnesses, including the
same ailment. Thus, RNA biogenesis represents a central
molecular network connecting gene expression with human
disease, making it an important area for future biomedical
research.

CONCLUSION

This review explores the relationships between RQC and
diverse human diseases highlighting the diverse cellular
components and mechanisms involved. RNA biogenesis is a
highly coordinated and essential cellular process that regulates
the production, processing, modification, maturation,
transport, and degradation of RNA molecules. Proper
regulation of these processes is fundamental for maintaining
several genomic and cellular functions such as gene
expression, protein synthesis, cellular differentiation, and
tissue homeostasis. Defects in RNA biogenesis have profound
effects as evidenced by several human diseases. The diverse
process affected include disruptions in ribosome biogenesis
can lead to ribosomopathies.

RNA modification, RNA transport, and RNA degradation
contribute  to  neurological disorders, developmental
abnormalities, hematological diseases, and cancer. A deeper
understanding of RQC and its downstream signaling pathways
is envisaged to provide valuable insights into the pathogenesis
of these disorders. Additionally, research is necessary to
elucidate the specific mechanisms through which RQC
dysfunction impacts the nervous system given the diversity of
cells in the CNS.

REFERENCES

Aherrahrou, R., et al. (2020). Genetic regulation of
atherosclerosis-relevant phenotypes in human vascular
smooth muscle cells. Circ. Res, 127:1552-1565. doi:
10.1161/CIRCRESAHA.120.317415.

Albert, B., Knight, B., Merwin, J., Martin, V., Ottoz, D.,
Gloor, Y., et al. (2016). A molecular titration system
coordinates ribosomal protein gene transcription with
ribosomal RNA synthesis. Mol Cell, 64: 720-33.

Alboushi, L., Hackett, A.P., Naeli, P., Bakhti, M., &
Jafarnejad, S.M. (2021). Multifaceted control of mRNA
translation machinery in cancer. Cell Signal, 84: 110037.

Alkhatabi, H.A., McLornan, D.P., Kulasekararaj, A.G., Malik,
F., Seidl, T., Darling, D., Gaken J, & Mufti, G.J. (2016).
RPL27A is a target of miR-595 and may contribute to the
myelodysplastic phenotype through ribosomal dysgenesis.
Oncotarget, 7(30):47875-47890. doi:
10.18632/oncotarget.10293.

An, H., & Harper, J.W. (2017). Systematic analysis of
ribophagy in human cells reveals bystander flux during
selective autophagy. Nat Cell Biol, 20(2):135-143. doi:
10.1038/s41556-017-0007-x.

Anadolu, M.N., Sun, J., Kailasam, S., Chalkiadaki, K.,
Krimbacher, K., Li, J.T., Markova, T., Jafarnejad, S.M.,
Lefebvre, F., Ortega, J., ef al. (2023). Ribosomes in RNA
granules are stalled on mRNA sequences that are
consensus sites for FMRP association. J Neurosci,
43:2440-2459.

Avendano Monsalve, M.C., Mendoza-Martnez, A.E., Ponce-
Rojas, J.C., Poot-Hern, andez, A.C., Rincon-Heredia, R., &
Funes, S. (2022). Positively charged amino acids at the N
terminus of select mitochondrial proteins mediate early
recognition by import proteins ab’-NAC and Sam37. J Biol
Chem, 298:101984.

Aviner, R., Lee, T-T., Masto, V.B., Li, K.H., Andino, R. &
Frydman, J. (2024). Polyglutamine-mediated ribotoxicity
disrupts proteostasis and stress responses in Huntington’s
disease. Nat Cell Biol, 26: 892-902.

Ball, S. (2011). Diamond Blackfan anemia. ASH Education
Program Book, 2011(1):487-491.

Banerjee, S., Kumar, M., & Wiener, R. (2020). Decrypting
UFMylation: How proteins are modified with UFMI.
Biomolecules,10:1442. doi:10.3390/biom10101442.

Basatemur, G.L., Jorgensen, H.F., Clarke, M.C.H., Bennett,
M.R., & Mallat, Z. (2019). Vascular smooth muscle cells
in atherosclerosis. Nat. Rev. Cardiol, 16:727-744. doi:
10.1038/s41569-019-0227-9.

Basu, M., Bhatt, R., Sharma, A., Boopathi, R., Das, S., &
Kundu, T.K. (2024). The Largest Subunit of Human
TFIIIC Complex, TFIIIC220, a Lysine Acetyltransferase
Targets Histone H3K18. The Journal of Biochemistry,
175(2):205-213, https://doi.org/10.1093/jb/mvad088.

Baweja, P. S., & Subudhi, D. (2021). Chapter 10 - Inhibitors
of ribosome biogenesis in prokaryotes and eukaryotes.
Emerging Concepts in Ribosome Structure, Biogenesis,
and Function, Academic Press. 213-231.
https://doi.org/10.1016/B978-0-12-816364-1.00004-4.

Bertoli-Avella, A.M., Garcia-Aznar, J.M., Brandau, O., Al-
Hakami, F., Y€uksel, Z., Marais, A., Grcuning, N-M., et al.
(2018). Biallelic inactivating variants in the GTPBP2 gene
cause a neurodevelopmental disorder with severe
intellectual disability. Eur J Hum Genet, 26:592—598.

Bianco, E., Bonassera, M., Uliana, F., Tilma, J., Winkler, M.,
Zencir, S., Albert, B., Oborska-Oplova, M., Dechant, R.,
Hugener, J., Panse, V.G., Pilhofer, M., Kimmig, P., &
Peter, M. (2024). Stml regulates Ifthl activity revealing
crosstalk between ribosome biogenesis and ribosome
dormancy. BioRxiv, 590536; doi:
https://doi.org/10.1101/2024.04.22.590536.

Boocock, G.R., et al. (2003). Mutations in SBDS are
associated with Shwachman-Diamond syndrome. Nat.
Genet, 33:97-101. doi: 10.1038/ng1062.

Bose, S., Tholanikunnel, T.E., Reuben, A., Tholanikunnel,
B.G., & Spicer, E.K. (2016). Regulation of nucleolin
expression by miR-194, miR-206, and HuR. Mol Cell
Biochem, 417(1-2):141-53. doi: 10.1007/s11010-016-
2721-2.



14590

Asian Journal of Science and Technology, Vol. 17, Issue, 10, pp. 14578-14596, October, 2026

Breznak, S. M., Kotb, N. M. & Rangan, P. (2022). Dynamic
regulation of ribosome levels and translation during
development. Semin. Cell Dev. Biol. 136:27-37 (2022).

Brown, I.N., Lafita-Navarro, M.C., & Conacci-Sorrell, M.
(2022). Regulation of Nucleolar Activity by MYC. Cells,
11(3):574. doi: 10.3390/cells11030574.

Bywater, M. J. et al. (2012). Inhibition of RNA polymerase I
as a therapeutic strategy to promote cancer-specific
activation of p53. Cancer Cell, 22, 51-65.

Carapito, R., et al. (2017). Mutations in signal recognition
particle SRP54 cause syndromic neutropenia with
Shwachman-Diamond-like features. J. Clin. Invest,
127:4090-4103. doi: 10.1172/JC192876.

Catalanotto, C., Barbato, C., Cogoni, C., & Benelli, D. (2023).
The RNA-Binding Function of Ribosomal Proteins and
Ribosome Biogenesis Factors in Human Health and
Disease. Biomedicines, 11(11):2969. doi:
10.3390/biomedicines11112969.

Chio, LI.C., Jafarnejad, S.M., Ponz-Sarvise, M., Park, Y.,
Rivera, K., Palm, W., Wilson, J., Sangar, V., Hao, Y.,
Ohlund, D., et al. (2016). NRF2 promotes tumor
maintenance by modulating mRNA translation in
pancreatic cancer. Cell, 166: 963-976.

Connolly, M., Paul, R., Farre-Garros, R., Natanek, S.A.,
Bloch, S., Lee, J., Lorenzo, J.P., Patel, H., Cooper, C.,
Sayer, A.A., Wort, S.J., Griffiths, M., Polkey, M.I., &
Kemp, P.R. (2018). miR-424-5p reduces ribosomal RNA
and protein synthesis in muscle wasting. J Cachexia
Sarcopenia Muscle, 9(2):400-416. doi:
10.1002/jcsm.12266.

Da Costa, L., Leblanc, T., & Mohandas, N. (2020). Diamond-
Blackfan anemia. Blood. 2020;136:1262-1273. doi:
10.1182/blood.2019000947.

Dagenais, G.R., ef al. (2020). Variations in common diseases,
hospital admissions, and deaths in middle-aged adults in 21
countries from five continents (PURE): a prospective
cohort study. Lancet, 395:785-794. doi: 10.1016/S0140-
6736(19)32007-0.

Darnell, A.M., Subramaniam, A.R., & O’Shea, E.K. (2018).
Translational control through differential ribosome pausing
during amino acid limitation in mammalian cells. Mol Cell,
71:229-243.el1.

Das Sharma, S., Metz, J.B., Li, H., Hobson, B.D., Hornstein,
N., Sulzer, D., Tang, G., & Sims, P.A. (2019). Widespread
alterations in translation elongation in the brain of juvenile
Fmrl knockout mice. Cell Rep, 26: 3313-3322.¢5.

DiGiuseppe, S., Rollins, M.G., Bartom, E.T., & Walsh, D.
(2018). ZNF598 plays distinct roles in interferonstimulated
gene expression and poxvirus protein synthesis. Cell Rep,
23:1249-1258.

Dorn, K.M., et al. (2021). Diamond-Blackfan anemia: a case
report and review of the literature. Neonatology, 118:500—
504. doi:10.1159/000516030.

Duclos, K.K., Hendrikse, J.L., & Jamniczky, H.A. (2019).
Investigating the evolution and development of biological
complexity under the framework of epigenetics. Evol Dev,
21(5):247-264. doi: 10.1111/ede.12301.

Ebright, R.Y., Lee, S., Wittner, B.S., Niederhoffer, K.L.,
Nicholson, B.T., Bardia, A., Truesdell, S., Wiley, D.F.,
Wesley, B., Li, S., et al. (2020). Deregulation of ribosomal
protein expression and translation promotes breast cancer
metastasis. Science, 367:1468-1473.

Elhamamsy, A. R., Aly, S. M., Samant, R. S., & Shevde, L. A.
(2025). Ribosome Biogenesis Underpins Tumor
Progression: A Comprehensive Signature for Survival and

Immunotherapy Response Prediction. Cancers, 17(15):
2576. https://doi.org/10.3390/cancers17152576.

Endo, R., Chen, Y-K., Burke, J., Takashima, N., Suryawanshi,
N., Huia, K.K., Miyazakib, T., & Tanaka, M. (2023).
Dysregulation of ribosome-associated quality control
elicits cognitive disorders via overaccumulation of TTC3.
PNAS, 120(12): €2211522120.
https://doi.org/10.1073/pnas.2211522120.

Engidaye, G., Melku, M., & Enawgaw, B. (2019). Diamond
Blackfan Anemia: Genetics, Pathogenesis, Diagnosis and
Treatment. EJIFCC, 30(1):67-81.

Eshraghi, M., Karunadharma, P.P., Blin, J., et al. (2021).
Mutant Huntingtin stalls ribosomes and represses protein
synthesis in a cellular model of Huntington disease. Nat
Commun, 12(1):1461. https:// doi.org/10.1038/541467-
021-21637-y.

Farhang, S., Sabaie, H., Gharesouran, J., et al. (2022).
Expression analysis of Ermin and Listerin E3 ubiquitin
protein ligase 1 genes in the periphery of patients with
schizophrenia. J Mol Neurosci, 72(2):246-254.
https://doi.org/10.1007/s12031-021- 01928-1.

Feldman, E.L., Goutman, S.A., Petri, S., Mazzini, L.,
Savelieff, M.G., Shaw, P.J. & Sobue, G. (2022).
Amyotrophic lateral sclerosis. Lancet, 400: 1363—1380.

Filbeck, S., Cerullo, F., Pfeffer, S., Joazeiro, C.A.P. (2022).
Ribosome-associated quality-control mechanisms from
bacteria to humans. Mol Cell, 82(8):1451-1466. doi:
10.1016/j.molcel.2022.03.038.

Fonseca, B.D., Lahr, R.M., Damgaard, C.K., Alain, T., &
Berman, A.J. (2018). LARP1 on TOP of ribosome
production. Wiley Interdiscip Rev RNA, 9(5):¢1480. doi:
10.1002/wrna.1480.

Gallagher, E. E. ef al. (2019). Consideration of binding
kinetics in the design of stapled peptide mimics of the
disordered proteins eukaryotic translation initiation factor
4E-binding protein 1 and eukaryotic translation initiation
factor 4G. J. Med. Chem, 62:4967-4978.

Ganapathi, K.A., et al. (2007). The human Shwachman-
Diamond syndrome protein, SBDS, associates with
ribosomal RNA. Blood, 110:1458-1465. doi:
10.1182/blood-2007-02-075184.

Gao, R., et al. (2021). Long noncoding RNA cardiac
physiological hypertrophy-associated regulator induces
cardiac physiological hypertrophy and promotes functional
recovery after myocardial ischemia-reperfusion injury.
Circulation, 144:303-317. doi:
10.1161/CIRCULATIONAHA.120.050446.

Garus, A., & Autexier, C. (2021). Dyskerin: an essential
pseudouridine synthase with multifaceted roles in ribosome
biogenesis, splicing, and telomere maintenance. RNA,
27:1441-1458. doi: 10.1261/ra.078953.121.

Garzia, A. et al (2017). The ubiquitin ligase and RNA-binding
protein ZNF598 orchestrates ribosome quality control of
premature polyadenylated mRNAs. Nat. Commun,S:
16056.

Gelinas, R., et al. (2018). AMPK activation counteracts
cardiac hypertrophy by reducing O-GlcNAcylation. Nat.
Commun, 9:374. doi: 10.1038/s41467-017-02795-4.

Gentilella, A., Kozma, S.C., & Thomas, G. (2015). A liaison
between mTOR signaling, ribosome biogenesis and cancer.
Biochim  Biophys  Acta, 1849(7):812-20.  doi:
10.1016/j.bbagrm.2015.02.005.

Gerakis, Y., Quinter, M., Li, H., & Hetz, C. (2019). The
UFMpylation system in proteostasis and beyond. Trends
Cell Biol, 29: 974-986.



14591

Mahalakshmi and Kiran Kumar, Ribosome biogenesis in disease and therapeutic targets

Ghosh, A., Williams, L.D., Pestov, D.G., & Shcherbik, N.
(2020). Proteotoxic stress promotes entrapment of
ribosomes and misfolded proteins in a shared cytosolic
compartment. Nucleic Acids Res, 48: 3888-905.

Ghosh, J., & Kapur, R. (2017). Role of mTORCI1-S6K1
signaling pathway in regulation of hematopoietic stem cell
and acute myeloid leukemia. Exp Hematol, 50:13-21. doi:
10.1016/j.exphem.2017.02.004.

Giovannini, S., Fiorilli, C., Moriconi, V., Shi, Y., Candi, E.,
Melino, G., & Bernassola, F. (2025). The role of HECT-
type E3 ubiquitin ligases in DNA damage response and
repair. Cell Death Discov, 12(1):56. doi: 10.1038/s41420-
025-02911-0.

Gitareja, K., Chelliah, S. S., Sanij, E., Sandhu, S., Kang, J., &
Khot, A. (2025). Ribosome Biogenesis and Function in
Cancer: From Mechanisms to Therapy. Cancers, 17(15):
2534, https://doi.org/10.3390/cancers17152534.

Gnanasundram, S.V., & Féhraeus, R. (2018). Translation

Stress  Regulates Ribosome Synthesis and Cell
Proliferation. Int J Mol Sci, 19(12):3757. doi:
10.3390/ijms19123757.

Goldman, D.H., Livingston, N.M., Movsik, J., Wu, B. &
Green, R. (2021). Live-cell imaging reveals Kkinetic
determinants of quality control triggered by ribosome
stalling. Mol Cell, 81: 1830-1840.e8.

Hald, O. H. et al. (2019). Inhibitors of ribosome biogenesis
repress the growth of MYCNamplified neuroblastoma.
Oncogene, 38:2800-2813.

Hao, W., Dian, M., Zhou, Y.et al (2022). Autophagy
induction promoted by m°A reader YTHDF3 through

translation  upregulation of FOXO3 mRNA. Nat
Commun, 13:5845.  https://doi.org/10.1038/s41467-022-
32963-0.

Hayes, J.D., Dinkova-Kostova, A.T., & Tew, K.D. (2020).
Oxidative stress in cancer. Cancer Cell, 38: 167-197.

He, J., Yang, Y., Zhang, J., Chen, J., Wei, X., He, J., & Luo,
L. (2017). Ribosome biogenesis protein Urbl acts
downstream of mTOR complex 1 to modulate digestive
organ development in zebrafish. J Genet Genomics,
44(12):567-576. doi: 10.1016/j.jgg.2017.09.013.

Heras-Garcia, L., labalegui, 1., & Pampliega, O. (2023).
Chapter 12 - Methods to study primary cilia and autophagy
in the brain. Methods in Cell Biology, Academic Press,
176: 217-234. https://doi.org/10.1016/bs.mcb.2023.01.010.

Hoerter, J.E., & Ellis, S.R. Treasure Island (FL): Stat Pearls.
Biochemistry, Protein Synthesis.

Hsu, J.C., Laurent-Rolle, M., Pawlak, J.B., Xia, H., Kunte, A.,
Hee, J.S., Lim, J., Harris, L.D., Wood, J.M., Evans, G.B. et
al. (2022). Viperin triggers ribosome collision dependent
translation inhibition to restrict viral replication. Mol Cell,
82:1631-1642.¢6.

Hu, Y.X., Diao, L.T., Hou, Y.R., Lv, G., Tao, S., Xu, W.Y,,
Xie, S.J., Ren, Y.H., & Xiao, Z.D. (2023). PUSI promotes
hepatocellular carcinoma via mRNA pseudouridylation to
enhance the translation of oncogenic mRNAs. Hepatology.
doi: 10.1097/HEP. 0000000000000702.

Huang, Zh., Du, Yp., Wen, Jt. et al (2022). snoRNAs:
functions and mechanisms in biological processes, and
roles in tumor pathophysiology. Cell Death Discov, 8:259.
https://doi.org/10.1038/s41420-022-01056-8.

Hui, K.K., Chen, Y.K., Endo, R., & Tanaka, M. (2019).
Translation from the ribosome to the clinic: implication in
neurological disorders and new perspectives from recent
advances. Biomolecules, 9(11):680.
https://doi.org/10.3390/biom9110680.

ladevaia, V., Liu, R. & Proud, C. G. (2014). mTORCI1
signaling controls multiple steps in ribosome biogenesis.
Semin Cell Dev. Biol, 36:113-120.

Izawa,T., Park, S.H., Zhao, L., Hartl, F.U., & Neupert, W.
(2017) Cytosolic protein Vmsl links ribosome quality
control to mitochondrial and cellular homeostasis. Cell,
171:890-903.¢18.

Jaberi, E., Rohani, M., Shahidi, G.A., Nafissi, S., Arefian, E.,
Soleimani, M., Rasooli, P., Ahmadieh, H., Daftarian, N.,
Carrami, E.M. et al. (2016). Identification of mutation in
GTPBP2 in patients of a family with neurodegeneration
accompanied by iron deposition in the brain. Neurobiol
Aging, 38: 216.e11-216.e18.

Jankovic, J., & Tan, E.K. (2020). Parkinson’s disease:
etiopathogenesis and treatment. J Neurol Neurosurg
Psychiatry, 91:795-808.

Jen, H.L., Yin, W.H., Chen, J.W., & Lin, S.J. (2017).
Endothelin-1-Induced Cell Hypertrophy in Cardiomyocytes
is Improved by Fenofibrate: Possible Roles of Adiponectin.
J Atheroscler Thromb, 24(5):508-517. doi:
10.5551/jat.36368.

Jha, S., Rollins, M.G., Fuchs, G., Procter, D.J., Hall, E.A.,
Cozzolino, K., Sarnow, P., Savas, JN., & Walsh, D.
(2017). Trans-kingdom mimicry underlies ribosome
customization by a poxvirus kinase. Nature, 546: 651-655.

Jia, F., et al. (2021). BOPI1 knockdown attenuates neointimal
hyperplasia by activating p53 and inhibiting nascent
protein synthesis. Oxid. Med. Cell Longev, 2021:5986260.
doi: 10.1155/2021/5986260.

Jiao, L., Liu, Y., Yu, X.Y., Pan, X., Zhang, Y., Tu, J., Song,
Y.H.,, & Li, Y. (2023). Ribosome biogenesis in disease:
new players and therapeutic targets. Signal Transduct
Target Ther, 9;8(1):15. https://doi.org/10.1038/s41392-
022-01285-4.

Juszkiewicz, S., Chandrasekaran, V., Lin, Z., Kraatz, S.,
Ramakrishnan, V., & Hegde, R.S. (2018). ZNF598 is a
quality control sensor of collided ribosomes. Mol Cell, 72,
469-481.¢7.

Karakas, D., & Ozpolat, B. (2021). The Role of LncRNAs in
Translation. Noncoding RNA, 7(1):16. doi:
10.3390/ncrna7010016.

Karamyshev, A.L., & Karamysheva, Z.N. (2018). Lost in
translation: ribosome-associated mRNA and protein quality
controls. Front Genet, 9: 431.

Kawashima, N., Oyarbide, U., Cipolli, M., Bezzerri, V., &
Corey, S.J. (2023). Shwachman-Diamond syndromes:
clinical, genetic, and biochemical insights from the rare
variants. Haematologica, 108(10):2594-2605.
https://doi.org/10.3324/haematol.2023.282949.

Kazibwe, Z., Liu, A.Y., Maclntosh, G.C., & Bassham, D.C.
(2019). The Ins and Outs of Autophagic Ribosome
Turnover. Cells, 8(12):E1603. doi: 10.3390/cells8121603.

Kelly, J.A., Woodside, M.T., & Dinman, J.D. (2021).
Programmed -1 Ribosomal Frameshifting in coronaviruses:
A therapeutic target. Virology, 554:75-82. doi:
10.1016/j.virol.2020.12.010.

Khan, F.A., Nsengimana, B., Khan, N.H., Song, Z., Ngowi,
E.E., Wang, Y., Zhang, W., & Ji, S. (2022). Chimeric
Peptides/Proteins Encoded by circRNA: An Update on
Mechanisms and Functions in Human Cancers. Front.
Oncol, 12:781270. doi: 10.3389/fonc.2022.781270.

Kisly, 1., & Tamm, T. (2023). Archaea/eukaryote-specific
ribosomal proteins - guardians of a complex structure.
Computational and Structural Biotechnology Journal, 21,
1249-1261. https://doi.org/10.1016/j.csbj.2023.01.037.



14592

Asian Journal of Science and Technology, Vol. 17, Issue, 10, pp. 14578-14596, October, 2026

Klinge, S., & Woolford, J.L. (2019). Ribosome assembly
coming into focus. Nat Rev Mol Cell Biol, 20: 116-31. doi:
10.1038/s41580-018-0078-y.

Koh, C.M., Sabo, A. & Guccione, E. (2016). Targeting MYC
in cancer therapy: RNA processing offers new
opportunities. BioEssays, 38: 266-275.
https://doi.org/10.1002/bies.201500134.

Kostova, K. K. ef al(2017). CAT-tailing as a fail-safe
mechanism for efficient degradation of stalled nascent
polypeptides. Science, 357:414—417.

Kraft, C., Deplazes, A., Sohrmann, M., & Peter, M. (2008).
Mature ribosomes are selectively degraded upon starvation
by an autophagy pathway requiring the Ubp3p/BreSp
ubiquitin protease. Nat Cell Biol, 10: 602-10.

Kratzat, H., Mackens-Kiani, T., Ameismeier, M. et al. (2021).
A structural inventory of native ribosomal ABCEI1-43S
pre-initiation complexes. EMBO J, 40: EMBJ2020105179.
https://doi.org/10.15252/emb;j.2020105179.

Kressler, D., Bange, G., Ogawa, Y., Stjepanovic, G.,
Bradatsch, B., Pratte, D., et al. (2012). Synchronizing
nuclear import of ribosomal proteins with ribosome
assembly. Science, 338: 666-71.

Kriachkov, V., Ormsby, A.R., Kusnadi, E.P., McWilliam,
H.E.G., Mintern, J.D., Amarasinghe, S.L., Ritchie, M.E.,
Furic, L. & Hatters, D.M. (2023). Arginine-rich C9ORF72
ALS proteins stall ribosomes in a manner distinct from a
canonical ribosome-associated quality control substrate. J
Biol Chem, 299:102774.

Kumar, J., & Kumar, V. (2021). Chapter 4 -Ribosome
proteins—Their balanced production. Emerging Concepts
in Ribosome Structure, Biogenesis, and Function,
Academic Press, 47-87.

Kumar, V. (2021). Chapter 1 - Introduction to ribosome
factory, origin, and evolution of translation. Emerging
Concepts in Ribosome Structure, Biogenesis, and Function,
Academic Press, 1-13. https://doi.org/10.1016/B978-0-12-
816364-1.00002-0.

Kunamneni, A., Ogaugwu, C., Bradfute, S., & Durvasula, R.
(2020). Ribosome Display Technology: Applications in
Disease Diagnosis and Control. Antibodies (Basel),
9(3):28. doi: 10.3390/antib9030028.

Kyritsis, K.A., Angelis, L., Ouzounis, C., & Vizirianakis, I.
(2019). Chapter 3 - Understanding Specialized Ribosomal
Protein Functions and Associated Ribosomopathies by
Navigating Across Sequence, Literature, and Phenotype
Information Resources. Leveraging Biomedical and
Healthcare Data, Academic Press, 35-
51.https://doi.org/10.1016/B978-0-12-809556-0.00003-4.

Lafontaine, D.L., Preiss, T., & Tollervey, D. (1998). Yeast 18S
rRNA dimethylase Dimlp: a quality control mechanism in
ribosome synthesis? Mol Cell Biol, 18: 2360-70.

Lafontaine, D.L.J., Riback, J.A., Bascetin, R., & Brangwynne,
C.P. (2020). The nucleolus as a multiphase liquid
condensate. Nat Rev Mol Cell Biol, 22:165-82.

LaRiviere, F.J., Cole, S.E., Ferullo, D.J., & Moore, M.J.
(2006). A late-acting quality control process for mature
eukaryotic rRNAs. Mol Cell, 24: 619-26.

Latallo, M.J., Wang, S., Dong, D., et al. (2023). Single-
molecule imaging reveals distinct elongation and
frameshifting dynamics between frames of expanded RNA
repeats in COORF72-ALS/FTD. Nat Commun, 14(1):5581.
https://doi.org/10.1038/s41467-023-41339-x

Lautier, C., Goldwurm, S., Dcurr, A., Giovannone, B., Tsiaras,
W.G., Pezzoli, G., Brice, A. & Smith, R.J. (2008).
Mutations in the GIGYF2 (TNRC15) gene at the PARK11

locus in familial Parkinson disease. Am J Hum Genet, 82:
822-833.

Lee, DM., Kim, 1.Y., Lee, H.J., Seo, M.J., Cho, MY, Lee,
H.I., Yoon, G., Ji, J.H., Park, S.S., Jeong, S.Y. et al.
(2024). Akt enhances the vulnerability of cancer cells to
VCP/p97 inhibition-mediated paraptosis. Cell Death Dis,
15:48.

Lencer, R., Mills, L.J., Alliey-Rodriguez, N., et al. (2017).
Genome-wide association studies of smooth pursuit and
antisaccade eye movements in psychotic disorders:
findings from the B-SNIP study. Transl Psychiatry,
7(10):e1249. https://doi.org/10.1038/ tp.2017.210.

Lewinska, A., Klukowska-Rotzler, J., Deregowska, A.,
Adamczyk-Grochala, J. & Wnuk, M. (2019). c-Myc
activation promotes cofilin-mediated F-actin cytoskeleton
remodeling and telomere homeostasis as a response to
oxidant-based DNA damage in medulloblastoma cells,
Redox Biol, 24:101163.

Li, C., Huang, Y., Fan, Q., Quan, H., Dong, Y., Nie, M.,
Wang, J., Xie, F., Ji, J., Zhou, L. ef al. (2021). p97/VCP is
highly expressed in the stem-like cells of breast cancer and
controls cancer stemness partly through the unfolded
protein response. Cell Death Dis, 12:286.

Li, F. et al. (2022). Rrn3 gene knockout affects ethanol-
induced locomotion in adult heterozygous zebrafish.
Psychopharmacol, 239:621-630.

Li, J., Ding, S.C., Cho, H., Chung, B.C., Gale, M., Jr, Chanda,
S.K., & Diamond, M.S. (2013). A short hairpin RNA
screen of interferon-stimulated genes identifies a novel
negative regulator of the cellular antiviral response. MBio,
4:e00385-13.

Li, J., Gao, L., Chen, J., Zhang, W.W., Zhang, X.Y., Wang, B.,
Zhang, C., Wang, Y., Huang, Y.C., Wang, H. et al. (2022).
Mitochondrial ROS-mediated ribosome stalling and GCN2
activation are partially involved in 1- nitropyrene-induced
steroidogenic inhibition in testes. Environ Int, 167:107393.

Li, L., Su, N., Zhou, T., Zheng, D., Wang, Z., Chen, H.,Yuan,
S.,& Li, W. (2018). Mixed lineage kinase ZAKpromotes
epithelial-mesenchymal transition in cancerprogression.
Cell Death Dis, 9:143.

Li, S., Shounai, O., Kato, M. et al. (2025). Collision-induced
ribosome degradation driven by ribosome competition and
translational perturbations. Nat Commun, 16: 11087.
https://doi.org/10.1038/s41467-025-66026-x.

Li, S., Wu, Z., Tantray, 1., Li, Y., Chen, S., Dong, J., Glynn,
S., Vogel, H., Snyder, M., & Lu, B. (2020). Quality-control
mechanisms  targeting  translationally  stalled and
Cterminally extended poly(GR) associated with ALS/FTD.
Proc Natl Acad Sci USA, 117:25104-25115.

Li, W., Ward, F.R., McClure, K.F., Chang, ST-L., Montabana,
E., Liras, S., Dullea, R.G.,, & Cate, J.H.D. (2019).
Structural basis for selective stalling of human ribosome
nascent chain complexes by a drug-like molecule. Nat
Struct Mol Biol, 26: 501-509.

Li, Z. & Hann, S. R. (2013). Nucleophosmin is essential for c-
Myc nucleolar localization and c-Myc-mediated rDNA
transcription. Oncogene, 32:1988-1994.

Liang, K.J., Yueh, L.Y., Hsu, N.H., Lai, J.S., & Lo, K.Y.
(2019). Puf6 and Locl are the dedicated chaperones of
ribosomal protein Rpl43 in Saccharomyces cerevisiae. Int J
Mol Sci, 20: 5941.

Liao, H., et al. (2021). GPR39 promotes cardiac hypertrophy
by regulating the AMPK-mTOR pathway and protein
synthesis. Cell Biol. Int, 45:1211-1219. doi:
10.1002/cbin.11566.



14593

Mahalakshmi and Kiran Kumar, Ribosome biogenesis in disease and therapeutic targets

Lin, J., Zhou, D., Steitz, T.A., Polikanov, Y.S., & Gagnon,
M.G. (2018). Ribosome-Targeting Antibiotics: Modes of
Action, Mechanisms of Resistance, and Implications for
Drug Design. Annu Rev Biochem, 87:451-478. doi:
10.1146/annurev-biochem-062917-011942.

Lipton, J.M., & Ellis, S.R. (2009). Diamond-Blackfan anemia:
diagnosis, treatment, and molecular pathogenesis. Hematol
Oncol Clin North Am,23:261-82. doi:
10.1016/j.hoc.2009.01.004.

Liu, G-H,, Bao, Y., Qu, J., Zhang, W., Zhang, T., Kang, W.,
Yang, F., Ji, Q., Jiang, X., Ma, Y., et al. (2021). Aging
atlas: a multi-omics database for aging biology. Nucleic
Acids Res, 49: D825-D830.

Liu, J., Nagy, N., Ayala-Torres, C., Aguilar-Alonso, F.,
Morais-Esteves, F., Xu, S., & Masucci, M.G. (2023).
Remodeling of the ribosomal quality control and integrated
stress response by viral ubiquitin deconjugases. Nat
Commun, 14: 8315.

Liu, Y., ef al. (2021). Dependence of genome size and copy
number of rRNA gene on cell volume in dinoflagellates.
Harmful Algae, 109:102108. doi:
10.1016/j.hal.2021.102108.

Lonborg, J.T. (2015). Targeting reperfusion injury in the era of
primary percutaneous coronary intervention: hope or hype?
Heart, 101:1612-1618. doi:  10.1136/heartjnl-2015-
307804.

Lopez, A.R., Jorgensen, M.H., Havelund, J.F., Arendrup, F.S.,
Kolapalli, S.P., Nielsen, T.M., Pais, E., Beese, C.J., Abdul-
Al, A., Vind, A.C., Bartek, J., Bekker-Jensen, S., Montes,
M., Galanos, P., et al. (2023). Autophagy-mediated control
of ribosome homeostasis in oncogene-induced senescence.
Cell Reports, 42(11): 113381.
https://doi.org/10.1016/j.celrep.2023.113381.

Lu, B. (2022). Translational regulation by ribosome-associated
quality control in neurodegenerative disease, cancer, and
viral infection. Front. Cell Dev. Biol, 10:970654. doi:
10.3389/fcell.2022.970654.

Luyken, J., Hannan, R.D., Cheung, J.Y., & Rothblum, L.I.
(1996). Regulation of rDNA transcription during
endothelin-1-induced hypertrophy of neonatal
cardiomyocytes. Hyperphosphorylation of upstream
binding factor, an rDNA transcription factor. Circ. Res,
78:354-361. doi: 10.1161/01.RES.78.3.354.

Lytvynenko, 1., Paternoga, H., Thrun, A., Balke, A., Miiller,
T.A., Chiang, C.H., et al. (2019). Alanine tails signal
proteolysis in bacterial ribosome-associated quality control.
Cell, 178: 76-90.€22.

Maffeo, B., & Cilloni, D. (2024). The Ubiquitin-Conjugating
Enzyme E2 O (UBE20) and Its Therapeutic Potential in
Human Leukemias and Solid Tumors. Cancers (Basel),
16(17):3064. doi: 10.3390/cancers16173064.

Martinez, F.O., Gordon, S., Locati, M., & Mantovani, A.
(2006). Transcriptional profiling of the human monocyte-
to-macrophage differentiation and polarization: new
molecules and patterns of gene expression. J Immunol,
177:7303-7311.

Masi, M., Attanzio, A., Racchi, M., ef al. (2022). Proteostasis
deregulation in neurodegeneration and its link with stress
granules: focus on the scaffold and ribosomal protein

RACKI. Cells, 11(16):2590.
https://doi.org/10.3390/cells11162590.
McCool, M.A., Bryant, C.J., & Baserga, S.J. (2020).

MicroRNAs and long non-coding RNAs as novel
regulators of ribosome biogenesis. Biochem Soc Trans,
48(2):595-612. doi: 10.1042/BST20190854.

McGirr, T., Onar, O., & Jafarnejad, S.M. (2025). Dysregulated
ribosome quality control in human diseases. The FEBS
Journal, 292: 936-959.

Mehta, P., Raymond, J., Punjani, R., et al. (2016). Prevalence
of amyotrophic lateral sclerosis (ALS), United States.
Amyotroph Lateral Scler Frontotemporal Degener,23(3-
4):220-225. https://doi.
org/10.1080/21678421.2021.1949021.

Meyer, C., Garzia, A., Morozov, P., Molina, H., & Tuschl, T.
(2020). The G3BPI-Family-USP10 deubiquitinase
complex rescues ubiquitinated 40S subunits of ribosomes
stalled in translation from lysosomal degradation. Mol
Cell, 77: 1193-205.¢e5.

Mills, E.W., Wangen, J., Green, R., & Ingolia, N.T. (2016).
Dynamic regulation of a ribosome rescue pathway in
erythroid cells and platelets. Cell Rep, 17:1-10.

Mossmann, D., Park, S. & Hall, M. N. (2018). mTOR
signalling and cellular metabolism are mutual determinants
in cancer. Nat. Rev. Cancer, 18, 744-757.

Nachmani, D., et al. (2019). Germline NPM1 mutations lead
to altered rRNA 2’-O-methylation and cause dyskeratosis
congenita. Nat. Genet, 51:1518-1529. doi:
10.1038/s41588-019-0502-z.

Nakhoul, H., Ke, J., Zhou, X., Liao, W., Zeng, S.X., & Lu, H.
(2014). Ribosomopathies: mechanisms of disease. Clin
Med  Insights Blood  Disord, 7:7-16. doi:
10.4137/CMBD.S16952.

Narla, A., & Ebert, B.L. (2010). Ribosomopathies: human
disorders of ribosome dysfunction. Blood, 115:3196-3205.
doi: 10.1182/blood-2009-10-178129.

Nelson, D.L. & Cox, M.M. (2021). Lehninger Principles of
Biochemistry. Fourth edition. University of Wisconsin-
Madison.

Nguyen, T.A., Lehr, A.W. & Roche, K.W. (2020).
Neuroligins and neurodevelopmental disorders: X-linked
genetics.  Front. Synaptic  Neurosci, 12:33.  doi:
10.3389/fnsyn.2020.00033.

Nieto, B., ef al. (2021). Efficient fractionation and analysis of
ribosome assembly intermediates in human cells. RNA
Biol, 18:182-197. doi: 10.1080/15476286.2021.1965754.

Nithianantharajah, J., & Hannan, A.J. (2013). Dysregulation of
synaptic proteins, dendritic spine abnormalities and
pathological plasticity of synapses as experience-dependent
mediators of cognitive and psychiatric symptoms in
Huntington’s  disease. =~ Neuroscience,  251:66-74.
https://doi.org/10.1016/j.neuroscience.2012.05.043.

Ormsby, A.R., Cox, D., Daly, J., Priest, D., Hinde, E., &
Hatters, D.M. (2020). Nascent mutant Huntingtin exon 1
chains do not stall on ribosomes during translation but
aggregates do recruit machinery involved in ribosome
quality control and RNA. PLoS One, 15(7):¢0233583.
https://doi.org/10.1371/journal.pone.0233583.

Ossareh-Nazari, B., Bonizec, M., Cohen, M., Dokudovskaya,
S., Delalande, F., Schaeffer, C., et al. (2010). Cdc48 and
Ufd3, new partners of the ubiquitin protease Ubp3, are
required for ribophagy. EMBO Rep, 11: 548-54.

Osuna, B. A., Howard, C. J., Kc, S., Frost, A., & Weinberg, D.
E. (2017). In vitro analysis of RQC activities provides
insights into the mechanism and function of CAT tailing.
Elife, 6: €27949. https://doi.org/10.7554/eLife.27949.

Packer, M. (2021). Differential pathophysiological
mechanisms in heart failure with a reduced or preserved
ejection fraction in diabetes. JACC Heart Fail, 9:535-549.
doi: 10.1016/j.jchf.2021.05.019.



14594

Asian Journal of Science and Technology, Vol. 17, Issue, 10, pp. 14578-14596, October, 2026

Park, J. L. et al. (2017). Epigenetic regulation of RNA
polymerase III transcription in early breast tumorigenesis.
Oncogene, 36:6793—6804.

Park, H., & Subramaniam, A.R. (2019). Inverted translational
control of eukaryotic gene expression by ribosome
collisions. PLoS Biol, 17:€¢3000396.

Park, J., Lee, J., Kim, J-H., Lee, J., Park, H. & Lim, C. (2021).
ZNF598 co-translationally titrates poly(GR) protein
implicated in the pathogenesis of COORF72 associated
ALS/FTD. Nucleic Acids Res, 49:11294-11311.

Pelechano, V., Wei, W. & Steinmetz, L.M. (2013). Extensive
transcriptional heterogeneity revealed by isoform profiling.
Nature, 497:127-131.

Popov, A., Smirnov, E., Kovacik, L., Raska, O., Hagen, G.,
Stixova, L., & Raska, I. (2013). Duration of the first steps
of the human rRNA processing. Nucleus, 4(2):134-41. doi:
10.4161/nucl.23985.

Pott, J., Kryvenko, V., & Vadasz, 1. (2026). The ribosomal
landscape in influenza A virus infection: from molecular
mechanisms to clinical relevance. European Respiratory
Review, 35(179): 250049.
https://doi.org/10.1183/16000617.0049-2025.

Puno, JM.R., & Lima, C.D. (2018). Structural basis for
MTR4-ZCCHCS interactions that stimulate the MTR4
helicase in the nuclear exosome-targeting complex. Proc.
Natl. Acad. Sci. U.S.A, 115 (24):E5506-E5515.
https://doi.org/10.1073/pnas.1803530115.

Qu, J.,, Zou, T., & Lin, Z. (2021). The Roles of the Ubiquitin—
Proteasome System in the Endoplasmic Reticulum Stress
Pathway. International Journal of Molecular
Sciences, 22(4): 1526.
https://doi.org/10.3390/ijms22041526.

Radwan, M., Ang, C-S., Ormsby, A.R., Cox, D., Daly, J.C.,
Reid, G.E. & Hatters, D.M. (2020). Arginine in C9ORF72
Dipolypeptides mediates promiscuous proteome binding
and multiple modes of toxicity. Mol Cell, Proteomics,
19:640-654.

Ray, G.J., Nardini, E., Keys, H.R., Lin, D.H., Sabatini, D.M.,
& Bartel, D.P. (2025). Lysosomal RNA profiling reveals
targeting of specific types of RNAs for degradation.
BioRxiv, 674968; doi:
https://doi.org/10.1101/2025.09.09.674968.

Renton, A.E., Majounie, E., Waite, A., et al. (2011). A
hexanucleotide repeat expansion in C9ORF72 is the cause
of chromosome 9p2l1-linked ALS-FTD. Neuron,
72(2):257-268. https://doi.org/10.1016/j.
neuron.2011.09.010.

Razi, A., & Ortega, J. (2017). Final touches and quality control
on the assembly of the eukaryotic ribosome. EMBO J, 36:
834-6.

Rey, C., Faustin, B., Mahouche, I., Ruggieri, R., Brulard, C.,
Ichas, F., Soubeyran, I., Lartigue, L. & De Giorgi, F.
(2016). The MAP3K ZAK, a novel modulator of ERK-
dependent migration, is upregulated in colorectal cancer.
Oncogene, 35:3190-3200.

Rimal, S., Li, Y., Vartak, R., Geng, J., Tantray, L., Li, S., Huh,
S., Vogel, H., Glabe, C., Grinberg, L.T., et al. (2021).
Inefficient quality control of ribosome stalling during APP
synthesis generates CAT-tailed species that precipitate
hallmarks of Alzheimer’s disease. Acta Neuropathol
Commun, 9:169.

Rios-Fuller, T.J., Mahe, M., Walters, B., Abbadi, D., Pérez-
Baos, S., Gadi, A., Andrews, J.J., Katsara, O., Vincent,
C.T., & Schneider, R.J. (2020). Translation Regulation by
elF2a Phosphorylation and mTORC]1 Signaling Pathways

in Non-Communicable Diseases (NCDs). Int J Mol Sci,
21(15):5301. doi: 10.3390/ijms21155301.

Riquelme, J.A., et al. (2016).Therapeutic targeting of
autophagy in myocardial infarction and heart failure.
Expert Rev. Cardiovasc. Ther,14:1007-1019. doi:
10.1080/14779072.2016.1202760.

Rodwell, V.W., Bender, D., Botham, K.M., Kennelly, P.J., &
Weil, P.A. (2018). Harper's Illustrated Biochemistry
Thirty-First Edition (A & L LANGE SERIES).

Rosario, F.J., Powell, T.L., Gupta, M.B., Cox, L., & Jansson,
T. (2020). mTORCI1 Transcriptional Regulation of
Ribosome Subunits, Protein Synthesis, and Molecular
Transport in Primary Human Trophoblast Cells. Front Cell
Dev Biol, 8:583801. doi: 10.3389/fcell.2020.583801.

Rubio, A., Ghosh, S., Mculleder, M., Ralser, M., & Mata, J.
(2021). Ribosome profiling reveals ribosome stalling on
tryptophan codons and ribosome queuing upon oxidative
stress in fission yeast. Nucleic Acids Res, 49: 383-399.

Ruggero, D., ef al. (2003). Dyskeratosis congenita and cancer
in mice deficient in ribosomal RNA modification. Science,
259-262. doi: 10.1126/science.1079447.

Ruiz-Martinez, J., Krebs, C.E., Makarov, V., Gorostidi, A.,
Mart-Mass., J.F., & Paisan-Ruiz, C. (2015). GIGYF2
mutation in late-onset Parkinson’s disease with cognitive
impairment. ] Hum Genet, 60: 637-640.

Rujkijyanont, P., Adams, S.L., Beyene, J., & Dror, Y. (2009).
Bone marrow cells from patients with Shwachman-
Diamond syndrome abnormally express genes involved in
ribosome biogenesis and RNA processing. Br. J. Haematol,
145:806-815. doi: 10.1111/j.1365-2141.2009.07692 .x.

Russell, J., & Zomerdijk, J.C. (2005). RNA-polymerase-I-
directed rDNA transcription, life and works. Trends
Biochem. Sci, 30:87-96. doi: 10.1016/].tibs.2004.12.008.

Russo, A., Scardigli, R., La Regina, F., et al. (2017). Increased
cytoplasmic TDP43 reduces global protein synthesis by
interacting with RACK1 on polyribosomes. Hum Mol
Genet, 26(8):1407-1418. https://
doi.org/10.1093/hmg/ddx035.

Sakai, R., Takeda, E., Kabuta, C., Contu, V.R., Fujiwara, Y.,
Fujikake, N., Hashimoto, T., & Ohsumi, Y., T. (2025).
Kabuta, DHXS8 regulates degradation of RNA by
RNautophagy. Nucleic Acids Research, 53(15): gkaf801.
https://doi.org/10.1093/nar/gkaf801.

Sandaramoorthy, E. et al. (2016). ZNF598 and RACKI
regulate mammalian ribosome-associated quality control
function by mediating regulatory 40S ribosomal
ubiquitylation. Mol. Cell,4: 751-764.

Sankaran, V.G., Joshi, M., Agrawal, A., Schmitz-Abe, K.,
Towne, M.C., Marinakis, N., Markianos, K., Berry, G.T.,
& Agrawal, P.B. (2013). Rare complete loss of function
provides insight into a pleiotropic genome-wide association
study locus. Blood, 122:3845-3847.

Santini, E., Huynh, T.N., & Klann, E. (2014). Chapter Five -
Mechanisms of Translation Control Underlying Long-
Lasting Synaptic Plasticity and the Consolidation of Long-
Term Memory. Progress in Molecular Biology and
Translational Science, Academic Press, 122:131-167.
https://doi.org/10.1016/B978-0-12-420170-5.00005-2.

Scarpitti, M.R., Pastore, B., Tang, W., & Kearse, M.G. (2024).
Characterization of ribosome stalling and nogo mRNA
decay stimulated by the fragile X protein, FMRP. bioRxiv,
202402.577121. doi: 10.1101/2024.02.02.

Scheltens, P., De Strooper, B., Kivipelto, M, Holstege H,
Chetelat, G., Teunissen, C.E., Cummings, J., & van der



14595

Mahalakshmi and Kiran Kumar, Ribosome biogenesis in disease and therapeutic targets

Flier, W.M.
397:1577-1590.

Schwarz, D.S., & Blower, M.D. (2015). The endoplasmic
reticulum: structure, function and response to cellular
signaling. Cell Mol Life Sci, 73(1):79-94. doi:
10.1007/s00018-015-2052-6.

Seo, S.S., Louros, S.R., Anstey, N., Gonzalez-Lozano, M.A.,
Harper, C.B., Verity, N.C., Dando, O., Thomson, S.R.,
Darnell, J.C., Kind, P.C., et al. (2022). Excess ribosomal
protein production unbalances translation in a model of
fragile X syndrome. Nat Commun,13:3236.

Shao, S., Brown, A., Santhanam, B., & Hegde, R. S. (2015).
Structure and assembly pathway of the ribosome quality
control complex. Mol. Cell,57:433—444.

Sharma, K.B., Sharma, M., Aggarwal, S., Yadav, A.K.,
Bhatnagar, S., Vrati, S., et al. (2019). Quantitative
proteome analysis of Atg5-deficient mouse embryonic
fibroblasts reveals the range of the autophagy-modulated
basal cellular proteome. mSystems, 4: €00481-19.

Shen, et al. (2015). Rqc2p and 60S ribosomal subunits mediate
mRNA-independent elongation of nascent chains.
Science,347: 75-78.

Snieckute, G., Ryder, L., Vind, A.C., Wu, Z., Arendrup, F.S.,
Stoneley, M., Chamois, S., Martinez-Val, A., Leleu, M.,
Dreos, R., et al. (2023). ROS-induced ribosome
impairment underlies ZAKa-mediated metabolic decline in
obesity and aging. Science, 382: eadf3208.

Sobti, M., Mead, B.J., Stewart, A.G., Igreja, C., & Christie, M.
(2023). Molecular basis for GIGYF-TNRC6 complex
assembly. RNA, 29:724-734.

Solsona, R., Pavlin, L., Bernardi, H., & Sanchez, A.M. (2021).
Molecular Regulation of Skeletal Muscle Growth and
Organelle Biosynthesis: Practical Recommendations for
Exercise Training. Int J Mol Sci, 22(5):2741. doi:
10.3390/ijms22052741.

Spielmann, M., Kakar, N., Tayebi, N., Leettola, C., Ncurnberg,
G., Sowada, N., Lupianez, D.G., Harabula, 1., Flcottmann,
R., Horn, D., et al. (2016). Exome sequencingand
CRISPR/Cas genome editing identify mutations of ZAK as
a cause of limb defects in humans and mice. Genome Res,
26:183-191.

Steinbusch, M.M.F., et al. (2017). Expression of RMRP RNA
is regulated in chondrocyte hypertrophy and determines
chondrogenic differentiation. Sci. Rep, 7:6440. doi:
10.1038/s41598-017-06809-5.

Stelter, P., Huber, F.M., Kunze, R., Flemming, D., Hoelz, A.,
& Hurt, E. (2015). Coordinated ribosomal L4 protein
assembly into the pre-ribosome is regulated by its
eukaryote-specific extension. Mol Cell, 58: 854-62.

Stepensky, P., et al. (2017). Mutations in EFL1, an SBDS
partner, are associated with infantile pancytopenia,
exocrine pancreatic insufficiency and skeletal anomalies in
a Shwachman-Diamond like syndrome. J. Med. Genet,
54:558-566. doi: 10.1136/jmedgenet-2016-104366.

Stoneley, M., Harvey, R.F., Mulroney, T.E., Mordue, R.,
Jukes-Jones, R., Cain, K., Lilley, K.S., Sawarkar, R., &
Willis, A.E. (2022). Unresolved stalled ribosome
complexes restrict cell-cycle progression after genotoxic
stress. Mol Cell, 82: 1557-1572.¢7.

Sun, R., Cheng, E., Velasquez, C., Chang, Y., & Moore, P.S.
(2019). Mitosis-related phosphorylation of the eukaryotic
translation suppressor 4E-BP1 and its interaction with
eukaryotic translation initiation factor 4E (eIF4E). Journal
of  Biological Chemistry, 294(31):11840-11852.
https://doi.org/10.1074/jbc.RA119.008512.

(2021). Alzheimer’s disease. Lancet,

Sundaramoorthy, E., Ryan, A.P., Fulzele, A., Leonard, M.,
Daugherty, M.D., & Bennett, E.J. (2021). Ribosome
quality control activity potentiates vaccinia virus protein
synthesis during infection. J Cell Sci, 134: jcs257188.

Sung, M K, Porras-Yakushi, T.R., Reitsma, J.M., Huber, F.M.,
Sweredoski, M.J., Hoelz, A., et al. (2016). A conserved
quality-control pathway that mediates degradation of
unassembled ribosomal proteins. Elife, 2016; 5: e19105.

Suryo Rahmanto, A., Blum, C.J., Scalera, C., Heidelberger,
J.B., Mesitov, M., Horn-Ghetko, D., Grcaf, J.F., Mikicic,
I., Hobrecht, R., Orekhova, A., et al. (2023). K6-linked
ubiquitylation marks formaldehyde-induced RNAprotein
crosslinks for resolution. Mol Cell, 83: 4272-4289.¢10.

Talyzina, A., Han, Y., Banerjee, C., Fishbain, S., Reyes, A.,
Vafabakhsh, R., & He, Y. (2023). Structural basis of
TFHIC-dependent RNA polymerase III transcription
initiation. Mol  Cell,  83(15):2641-2652.e¢7.  doi:
10.1016/j.molcel.2023.06.015.

Tan, S., et al. (2019). EFL1 mutations impair eIF6 release to
cause Shwachman-Diamond syndrome. Blood, 134:277—
290. doi: 10.1182/blood.2018893404.

Tang, J., Gautam, P., Gupta, A., He, L., Timonen, S., Akimov,
Y., Wang, W., Szwajda, A., Jaiswal, A., Turei, D. et al.
(2019). Network pharmacology modelling identifies
synergistic Aurora B and ZAK interaction in triple-
negative breast cancer. NPJ Syst Biol Appl, 5:20.

Terrey, M., Adamson, S.I., Chuang, J.H., & Ackerman, S.L.
(2021). Defects in translation-dependent quality control
pathways lead to convergent molecular and
neurodevelopmental pathology. Elife, 10:e66904.

Theophanous, A., Christodoulou, A., Mattheou, C., Sibai,
D.S., Moss, T., & Santama, N. (20230. Transcription
factor UBF depletion in mouse cells results in
downregulation of both downstream and upstream
elements of the rRNA transcription network. Journal of
Biological Chemistry, 299(10):105203.
https://doi.org/10.1016/j.jbc.2023.105203.

Thibault, J., Sohier, M., Morris, C., Cluet, D., Chen, H.,
Ruscica, V., Guiguettaz, L., Anne-Marie, H., Kieffer-
Jaquinod, S., Mohammed, S., Couté, Y., Castello, A., &
Ricci, E.P. (2026). Viral Infections Drive Functional
Remodeling of Ribosome-Associated Proteins. BioRxiv,
29:701737. https://doi.org/10.64898/2026.01.29.701737.

Tong, Z., et al. (2019). Phosphorylation of nucleolin is
indispensable to upregulate miR-21 and inhibit apoptosis in
cardiomyocytes. J. Cell Physiol, 234:4044-4053. doi:
10.1002/jcp.27191.

Topf, U., Suppanz, 1., Samluk, L., Wrobel, L., Bcoser, A.,
Sakowska, P., Knapp, B., Pietrzyk, M.K., Chacinska, A., &
Warscheid, B. (2018). Quantitative proteomics identifies
redox switches for global translation modulation by
mitochondrially produced reactive oxygen species. Nat
Commun, 9:324.

Tran, Q.K. (2020). Reciprocality between estrogen biology
and calcium signaling in the cardiovascular system. Front.
Endocrinol, 11:568203. doi: 10.3389/fendo.2020.568203.

Trentini, D.B., Pecoraro, M., Tiwary, S., Cox, J., Mann, M.,
Hipp, M.S., & Hartl, F.U. (2020). Role for ribosome
associated quality control in sampling proteins for MHC
class [-mediated antigen presentation. Proc Natl Acad Sci,
117: 4099—4108.

Tseng, Y.J., Malik, 1., Deng, X., et al. (2023). Ribosomal
quality control factors inhibit repeat-associated non-AUG
translation from GC-rich repeats. bioRxiv, 7:¢544135.
https://doi. org/10.1101/2023.06.07.544135.



14596

Asian Journal of Science and Technology, Vol. 17, Issue, 10, pp. 14578-14596, October, 2026

Tsoi, P.S., Quan, M.D., Ferreon, J.C., & Ferreon, A.C.M.
(2023). Aggregation of disordered proteins associated with
neurodegeneration. Int J Mol Sci, 24:3380.

Tu, W.B., Christofk, H.R., & Plath, K. (2023). Nutrient
regulation of development and cell fate decisions.
Development, 150(20): dev199961. doi:
10.1242/dev.199961.

Van Riggelen, J., Yetil, A. & Felsher, D. W. (2010). MYC as a
regulator of ribosome biogenesis and protein synthesis.
Nat. Rev. Cancer, 10:301-309.

Vasamsetti, B.M.K., Liu, Z., Park, Y. S. & Cho, N. J. (2019).
Muscarinic  acetylcholine  receptors  regulate  the
dephosphorylation of eukaryotic translation elongation
factor 2 in SNU-407 colon cancer cells. Biochem. Biophys.
Res. Commun. 516:424-429.

Venturi, G. & Montanaro, L. (2020). How altered ribosome
production can cause or contribute to human disease: the
spectrum of ribosomopathies. Cells, 9: 2300.

Viera Ortiz, A.P., Cajka, G., Olatunji, O.A., Mikytuck, B.,
Shalem, O., & Lee, E.B. (2023). Impaired ribosome
associated quality control of C9orf72 arginine-rich
dipeptide-repeat proteins. Brain, 146:2897-2912.

Vind, A.C., Snieckute, G., Blasius, M., Tiedje, C., Krogh, N.,
Bekker-Jensen, D.B., Andersen, K.L., Nordgaard, C.,
Tollenaere, M.A.X., Lund, A.H., ef al. (2020). ZAKalpha
recognizes stalled ribosomes through partially redundant
sensor domains. Mol Cell, 78: 700-713.¢7.

Wan, L., Juszkiewicz, S., Blears, D., Bajpe, P.K., Han, Z.,
Faull, P., Mitter, R., Stewart, A., Snijders, A.P., Hegde,
R.S. et al. (2021). Translation stress and collided
ribosomes are co-activators of cGAS. Mol Cell, 81:2808—
2822.e10.

Wang et al. (2020). UFMylation of RPL26 links translation-
associated quality control to endoplasmic reticulum protein
homeostasis. Cell Res, 30:5-20.

Wang, J.M.D., Wang, J.M.S., Cao, HM.S., Xing, Y.M.S,,
Wang, ZM.S., Ma, J.M.S., Zhao, R., Zhang, W., Guo,
JM.D.,, & Chang, X.M.D. (2025). The Relationship
Between Ribosome-Associated Quality Control and
Neurological Disorders. The Journals of Gerontology,
Series A: Biological Sciences and Medical Sciences, 80(4),
glae304. https://doi.org/10.1093/gerona/glae304.

Wang, L., & Ye, Y. (2021). Clearing traffic jam during protein
translocation across membrane. Front. Cell Dev.
Bi0l.8:610689. doi: 10.3389/fcell.2020.610689.

Wang, T., Zhang, W.S., Wang, Z.X., Wu, Z.W., Du, B.B., Li,
LY., Chen, Y.F., Yang, X.F., Hao, X.Y., & Guo, T.K.
(2019). RAPTOR promotes colorectal cancer proliferation
by inducing mTORCI1 and upregulating ribosome assembly
factor URBI. Cancer Med, 9(4):1529-1543. doi:
10.1002/cam4.2810.

Wang, X., Rimal, S., Tantray, 1., Geng, J., Bhurtel, S., Khaket,
T.P., Li, W, Han, Z., & Lu, B. (2022). Prevention of
ribosome collision-induced neuromuscular degeneration by
SARS CoV-2—encoded Nspl. Proc Natl Acad Sci USA,
119: €2202322119.

Welting, T.J., van Venrooij, W.J., & Pruijn, G.J. (2004).
Mutual interactions between subunits of the human RNase
MRP ribonucleoprotein complex. Nucleic Acids Res,
32:2138-2146. doi: 10.1093/nar/gkh539.

Wilkes, M.C., Scanlon, V., Shibuya, A., Cepika, A.M., Eskin,
A., Chen, Z., Narla, A., Glader, B., Roncarolo, M.G.,
Nelson, S.F., & Sakamoto, K.M. (2022). Downregulation
of SATB1 by miRNAs reduces megakaryocyte/erythroid
progenitor expansion in preclinical models of Diamond-

Blackfan anemia. Exp Hematol, 111:66-78. doi:
10.1016/j.exphem.2022.04.005.

Wilson, D.M., Cookson, M.R., Van Den Bosch, L., Zetterberg,
H., Holtzman, D.M., & Dewachter, 1. (2023). Hallmarks of
neurodegenerative diseases. Cell, 186: 693-714.

Wu, C.C,, Peterson, A., Zinshteyn, B., Regot, S., & Green, R.
(2019) Ribosome collisions trigger general stress responses
to regulate cell fate. Cell, 182: 404—416.e14.

Wu, Z., Wang, Y., Lim, J, Liu, B., Li, Y., Vartak, R,
Stankiewicz, T., Montgomery, S., & Lu, B. (2018).
Ubiquitination of ABCEl by NOT4 in response to
mitochondrial damage links co-translational quality control
to PINK1-directed mitophagy. Cell Metab, 28:130-144.¢7.

Wu, Z., Tantray, 1., Lim, J., Chen, S., Li, Y., Davis, Z., Sitron,
C., Dong, J., Gispert, S., Auburger, G. et al. (2019).
MISTERMINATE mechanistically links mitochondrial
dysfunction with Proteostasis failure. Mol Cell, 75:835—
848.¢8.

Wyant, G.A., Abu-Remaileh, M., Frenkel, E.M., Laqtom,
N.N., Dharamdasani, V., Lewis, C.A., et al. (2018). UFIP1
is a ribosome receptor for starvation-induced ribophagy.
Science, 360: 751-8.

Xiang, Y., Ye, Y., Lou, Y., Yang, Y., Cai, C., Zhang, Z.,
Mills, T., Chen, N.Y., Kim, Y., Muge Ozguc, F. et al.
(2018). Comprehensive characterization of alternative
polyadenylation in human cancer. J Natl Cancer Inst, 110:
379-389.

Yan, L.L., Simms, C.L., McLoughlin, F., Vierstra, R.D., &
Zaher, H.S. (2019). Oxidation and alkylation stresses
activate ribosome-quality control. Nat Commun, 10:5611.

Yip, M.CJ., & Shao, S. (2021). Detecting and Rescuing
Stalled Ribosomes. Trends in Biochemical Sciences,
46(9):731-743.https://doi.org/10.1016/j.tibs.2021.03.008.

Youn, J.Y., Dunham, W.H., Hong, S.J., Knight, J.D.R,,
Bashkurov, M., Chen, G.., Bagci, H., Rathod, B.,
MacLeod, G., Eng, SW.M., et al. (2018). High-density
proximity mapping reveals the subcellular organization of
mRNA-associated granules and bodies. Mol Cell, 69: 517—
532.ell.

Zeitz, M. J. & Smyth, J. W. (2020). Translating translation to
mechanisms of cardiac hypertrophy. J. Cardiovasc. Dev.
Dis, 7:9.

Zencir, S., Dilg, D., Rueda, M.P., Shore, D., & Albert, B.
(2020). Mechanisms Coordinating Ribosomal Protein Gene
Transcription in Response to Stress, bioRxiv, 09:143263.
doi: https://doi.org/10.1101/2020.06.09.143263.

Zhang, Y., Sun, Q-Y., Yu, R-H., Guo, J-F., Tang, B-S., &
Yan, X-X. (2015). The contribution of GIGYF2 to
Parkinson’s disease: a meta-analysis. Neurol Sci, 36:2073—
2079.

Zhang, X., Ren, Z., Xu, W., & Jiang, Z. (2022). Necroptosis in
atherosclerosis. Clin. Chim. Acta, 534:22-28. doi:
10.1016/j.cca.2022.07.004.

Zhang, Y., Qian, J., Gu, C., & Yang, Y. (2021). Alternative
splicing and cancer: a systematic review. Signal Transduct
Target Ther, 6: 78.

Zhao, S., Cordes, J., Caban, K.M., Gcotz, M.J., Mackens-
Kiani, T., Veltri, A.J., Sinha, N.K., Weickert, P., Kaya, S.,
Hewitt, G., et al. (2023). RNF14-dependent atypical
ubiquitylation promotes translation-coupled resolution of
RNA-protein crosslinks. Mol Cell, 83: 4290-4303.¢9.

Zhou, X., Shang, Y.N., Lu, R., Fan, C.W., & Mo, X.M.
(2019). High ANKZF1 expression is associated with poor
overall survival and recurrence-free survival in colon
cancer. Future Oncol,

skeosk skok skokosk



