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Abstract 
 
Productive expression of a gene involves the nuclear events of mRNP 
biogenesis consisting of transcription and multiple 
processing/modification events of the nascent mRNAs.  Complexities 
involved in mRNP biogenesis leads to various errors in the resulting 
mRNPs, which potentially increases the possibility of production of 
abnormal, aggregation-prone and otherwise non-functional polypeptide 
chains.  To prevent formation of such aberrant proteins, all eukaryotic 
cells evolve a wide array of mechanisms which constantly monitors the 
transcription and nuclear mRNP biogenesis events.  Dubbed as the 
mRNA surveillance, these mechanisms principally require the activity 
of the eukaryotic RNA processing exosome and its cofactors, which 
promptly detect these faulty messages and selectively degrade them to 
prevent their undesired translation.  Ranging from yeasts to humans, 
mRNA surveillance thus limits the accumulation of aberrant messages 
and safeguards the cells from their detrimental effects.  Remarkably, 
recent research underscored that the mRNA surveillance machinery, 
the RNA exosome and its cofactor CTEXT together target and degrade 
a small of group of normal and functional messages and thereby 
control the cellular abundance of these mRNAs and thereby regulate a 
few crucial cellular processes including unfolded protein response and 
cellular response to nutrient stress.  Remarkably, mutations in the 
components of the exosome and its cofactors lead to the dysfunction of 
the surveillance machinery, which are linked to a variety of human 
diseases and disorders.  In this article, we examine the composition of 
the mRNA surveillance components, narrate their functions and finally 
illustrate the defects of surveillance machinery involved in various 
diseases with predicted mechanism of mutation induced disorders and 
finally project the frontline and forthcoming avenues of the future 
research.  
 
Keywords:  mRNA degradation; Nuclear Exosome, CTEXT, TRAMP, 
Tif4631p, Rrp6p, Cbc1p, Dbp2p. 
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1. Introduction 
Messenger RNA surveillance mechanisms are of 
paramount importance since they protect the cells 
from the damaging effects of the faulty messages, 
which are spontaneously generated from the error-
prone mRNA biogenesis events in all eukaryotic 
cells (Reviewed in 1-3).  These surveillance 
mechanisms constantly monitor various steps 
involved in the mRNA biogenesis and promptly 
detect diverse kinds of aberrant messages and 
eventually degrade them in a selective fashion to 
prevent their undesired accumulation in the cells 
(Reviewed in 1-5).  Ranging from simple model 
eukaryote, Saccharomyces cerevisiae to humans, 
all eukaryotes have evolved a wide array of mRNA 
surveillance mechanisms that consist of a multi-
protein complex, dubbed eukaryotic RNA exosome 
and its various co-factors, which play key roles in 
limiting the concentration of these faulty messages 
in the cell (1–8).  Consistently, dysfunctions of 
mRNA surveillance machinery owing to the 
mutations in specific functional components are 
associated with diverse diseases in humans (2).  
This article is aimed to examine the composition, 
structure and functions of various mRNA 
surveillance machinery in budding yeasts and 
humans and further assess the connections between 
the mutations/defects in the surveillance machinery 
and various diseases. 
 
2. Nuclear mRNA biogenesis:  Birth of the 
mRNA and its early life in the Nucleus  
In all eukaryotes, mRNA biogenesis is a nuclear 
event which starts with the transcription of the 
protein-coding genes by RNA polymerase II 
(RNAPII) and subsequently progresses through the 
major covalent modification events.  These events 
include the capping of the nascent transcript at the 
5-end, splicing to remove the intron(s) and a 
maturation event at the 3-termini that comprises a 
site-specific cleavage and a template-independent 
addition of adenylate residues (7, 9–13) (Fig. 1).  
In parallel to these covalent modification events, 
each maturing message undergoes physical 
association with a wide spectrum of mRNA-
binding factors and heterogeneous 
ribonucleoproteins (hnRNPs) (14–19).  For 
example, mRNP assembly initiates with the 
binding of heterodimeric nuclear cap complex 
called CBC to the m7G cap right after the capping 
event (18).  This is followed by the recruitment of 
the transcription/export (TREX) complex onto the 
maturing transcript.  TREX complex consists of 
THO proteins (Hpr1p, Mft1p, Tho2p, and Thp2p), 
the mRNA export factor/RNA helicase Sub2p and 

the RNA binding protein Yra1p (11, 20–22).  
Binding of these proteins with the nascent peptides 
facilitates splicing followed by the binding with 
export receptor Mex67p:Mtr2p, various 
ribonucleoproteins and poly (A) tail binding 
protein Pab1p (17, 19).  Concerted actions of the 
three covalent modification events and association 
with the multitude of protein factors eventually 
generates an export-competent mRNP, which is 5-
capped, devoid of introns carrying a 
polyadenylated tail at the 3-terminus harboring 
myriads of appropriate complements of mRNA-
binding proteins, maturing and export factors (20, 
23–25) (Fig. 1).  Formation of export-competent 
mRNP is tightly accompanied with their nuclear 
export from the nucleus to the cytoplasm (12, 26) 
(Fig. 1), which ensues the second phase of the life 
of the mRNA comprising of their translation to 
produce appropriate abundance of its protein 
product under a given condition.  

 
3. Adult Life of the mRNAs in the Cytoplasm:  
mRNA Localization, Translation and 
Degradation. 
Traditional view about the life of the eukaryotic 
mRNAs propose that once the messenger RNA 
arrives at the cytoplasm, it typically becomes 
engaged in the cytoplasmic translation leading to 
the production of the corresponding protein.  
However, many recent research from various 
laboratories emphasize that once mRNAs arrive in 
the cytoplasm, newly exported mRNAs are first 
transported to a specific subcellular territory before 
being translated (Reviewed in 27-28). During the 
time of their transit, the translation of the given 
mRNAs remain suppressed in highly regulated 
fashions to avoid unwanted protein production at 
an inappropriate site where the function of the 
given protein is not warranted (29, 30).  Regulated 
mRNA localization/transport is therefore, a highly 
regulated event of eukaryotic gene expression 
pipeline, which addresses how a specific mRNA is 
transported from the nuclear periphery to a specific 
sub-cellular destiny such as the vicinity of 
endoplasmic reticulum, mitochondria, peroxisome 
and cellular boundary near the cell  
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membrane (27, 28, 31, 32).  

 
Source: Self designed by corresponding author (Fig 1-Nandi et al . (2025)) 
 
Fig. 1. mRNP biogenesis and surveillance in baker’s yeast S. cerevisiae. Schematic representation depicting the stages 
of mRNA biogenesis in the nucleus each of which is subject to quality control by the nuclear surveillance systems 
(nuclear exosome/TRAMP/ CTEXT).   
The normal and functional mRNAs are exported quickly out of the nucleus (indicated in the left half of the figure). 
Aberrant messages, on the other hand, are subjected to the degradation by the exosome/TRAMP, the 
exosome/TRAMP/CTEXT or the exosome/CTEXT. Faulty messages generated in the early, middle and later phases of 
biogenesis are targeted by the exosome/TRAMP, the exosome/TRAMP/CTEXT and the exosome/CTEXT complex, 
respectively (see text for details).  Proteins binding to maturing transcripts during different stages, are schematically 
indicated by different solid coloured symbols. Adapted from Maity et al (2016). 

 
This intracellular transport of mRNAs at the 
destined location follows a local translation 
causing the production of the corresponding 
protein with a very high local abundance.  The 
local concentration of that protein, consequently 
impact diverse important cellular processes 
including establishment of cell polarity, cell 
asymmetry, and determination of embryonic axis 
during development and plasticity in the neuron 
(31).  Targeting of a specific message to a destined 
sub-cellular region is thus extremely controlled 
physiological processes aimed to accomplish a 
specific spatial and temporal distribution of the 
corresponding protein in response to a set of 
environmental cues.  Regulated intracellular 
distribution of specific messages thus governs the 
optimum functionality and capacity of a cell to 
respond to such cues.  Interestingly, recent findings 
indicate that specific cis-acting RNA localization 

elements (LEs) or RNA zip codes present in 
various mRNA cargoes play an instrumental role in 
the localization and trafficking of these targeted 
mRNAs by providing critical binding sites for the 
specific RNA-binding proteins (RBPs) that affect 
their trafficking (Reviewed in 28).   
Once a specific message land at its destined sub-
cytoplasmic destiny, the mRNAs after shedding off 
the RBPs inhibiting the translation, undergo 
another round of remodeling event to enter a 
unique event called pioneer round of translation 
while they still carry the nuclear CBC (33, 34).  
This exceptional round of translation is aimed to 
detect any mutation causing potential in frame 
premature termination codon (PTC) in the 
translating message. If such a PTC is found, it is 
promptly targeted for degradation by a translation-
dependent cytoplasmic surveillance event called 
non-sense mediated decay (NMD) pathway to 
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avoid production of truncated proteins (35).  
Messages devoid of any PTC, on the other hand, 
endure the NMD action and subsequently 
experience another round of mRNP remodeling 
involving the exchange of the nuclear cap-binding-
protein (CBC) at the 5-cap of mRNA with the 
translation initiation factor eIF4F (consisting of 
eIF4E and eIF4G) (35).  The remodeled message is 
then engaged for the steady-state and productive 
translation to produce the required cellular pool of 
proteins (33, 34).   
After predestined rounds of protein-synthesis 
cycle, a translating mRNA is converted into a 
degradation-committed message by a poorly 
understood mechanism and eventually separates 
from polysomes (actively translating ribosomes) to 
subsequently associate with the cytoplasmic P-
bodies, which were believed to be the cellular sites 
of mRNA degradation in S. cerevisiae.  Many 
earlier studies, consequently showed that 
degradation-committed messages are subsequently 
destroyed by the default degradation pathway 
within the P-bodies (36–38).  Default degradation 
of mRNAs consists of a tightly controlled process 
that is governed by a distinct set of genes/proteins 
and contributes to the basal steady state level of all 
mRNAs, which, in turn, determines the total 
cellular pool of proteins (36, 39–41).  However, 
many recent studies are inconsistent with the idea 
that P-bodies constitute the cellular sites for 
mRNA degradation as many mRNAs that enter P-
bodies, were demonstrated to exit the same and re-
initiate translation (42, 43). 
4. The need for mRNP surveillance and quality 
control in the nucleus  
Remarkably in all eukaryotes, the transcription and 
nuclear pre-mRNA processing events are 
physically and functionally coupled via the C-
terminal domain (CTD) of the Rpb1p (largest 
subunit of RNAPII) (11, 25, 44–46).  The CTD 
acts as a recruiting platform for transcription and 
other mRNA processing factors, which are loaded 
initially onto the CTD and then transferred onto the 
transcribing/maturing message (9, 21, 46–51).  
This efficient functional coupling between CTD 
and the transcription/maturation factors was shown 
(i) to enhance the likelihood of the formation of 
export-competent and productive mRNPs and (ii) 
to decrease the probability of generating 
defective/aberrant transcripts (Maniatis and Reed 
2002; Reed 2003; Rodriguez et al. 2004; Aguilera 
2005; Bentley 2005; Bird et al. 2005; Reed and 
Cheng 2005; Miller and Reese 2012).  
Interestingly, despite the existence of the 
functional coupling, defective/faulty messages are 
still produced.  To prevent the concentration of 

such aberrant/faulty messages, all eukaryotic cells 
evolve an elaborate array of surveillance 
mechanisms, which constantly monitors the 
presence of such aberrant messages and if detected, 
are rapidly eliminated (1, 2, 5, 36, 52–60).  Recent 
studies uncovered that diverse kinds of aberrant 
messages are generated in the nucleus at various 
stages of transcription or mRNA processing events 
including capping, splicing and polyadenylation. 
These aberrancies includes transcription elongation 
and packaging-defective, splice-defective mRNAs, 
aberrantly long of 3-extended transcripts and 
export defective messages (Fig. 1) (2, 8).  In the 
nucleus of all eukaryotes the selective degradation 
of these faulty messages are carried out by the 
nuclear exosome and its associated co-factors 
(Fig.1) (2, 8, 61–69).  A detailed account of the 
structure of the core exosome and its various co-
factors in yeasts and humans are presented below. 
4.1 Structure of the core nuclear exosome in 
yeasts and humans 
In Saccharomyces cerevisiae, the nuclear exosome 
is a multi-protein complex, consisting of eleven 
subunits, which is subdivided into the two parts: 
core exosome and the catalytic components. The 
core of the exosome is denoted as Exo9, which 
comprises of nine protein subunits (each one 
dubbed as Rrp proteins for Ribosomal RNA 
Processing), which are arranged in a two-layered 
stacked ring structure along with a central channel 
(Fig. 2) (70–75).  The top layer is called the 
trimeric ‘Cap’ that is composed of Rrp4p, Rrp40p 
and Csl4p (Fig. 2) (Table 1).  This ‘Cap’ structure 
is placed on the top of the hexameric ‘Ring’ 
consisting of Rrp41p, Rrp42p, Rrp43p, Rrp45p, 
Rrp46p and Mtr3p (Fig. 2) (Table 1) (70–75).  All 
the ‘Ring’ proteins harbor an RNase PH domain 
and thus shares a structural resemblance with 
bacterial phosphorolytic nuclease (Table 1) (70–
75).  In contrast, both the Rrp40p and Rrp4p 
carries one S1 and one KH RNA domains and 
Csl4p contains one KH domain and a zinc ribbon 
motif, which binds RNA (Table 1) (70–75). The 
central channel that spans the top of trimeric ‘Cap’ 
and the bottommost part of the hexameric ‘Ring’ is 
able to accommodate the single stranded RNA 
(Fig. 2) (70).  The entire EXO9 core subunits 
together shape the core and basic structure of the 
exosome and plays an important role in the 
interaction with the RNA substrates and in guiding 
the single stranded RNA molecule in the central 
channel for its degradation.  Interestingly, despite 
having potential exonuclease domains in all nine 
core subunits, the central EXO9 is catalytically 
inactive.  The catalytic activity of EXO9 complex 
is achieved by the union with the tenth subunit, 
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Rrp44p/Dis3p, which is a 110 KDa protein and is 
strongly associated with both nuclear and 
cytoplasmic forms of the exosome (Fig. 2) (Table 
1) (76–78).  Rrp44p possess both the endo- and 
exonucleolytic activities resulting in the formation 
of Exo10Dis3p complex (70, 71).  Exo10Dis3p 

complex additionally interacts with the eleventh 
subunit, Rrp6 (79), which is a 35 
exoribonuclease to form the complete 
Exo11Dis3p+Rrp6 (72, 80) and interact with the Exo9 
complex from the top of the cap structure (opposite 
face of Exo9, through which the Dis3p subunit 
contacts this complex (Fig. 2) (75, 81–83).  The 
single stranded RNA substrates either thread 
through the central canal of EXO9 to reach the 
active catalytic site of Dis3p/Rrp44p or can bypass 
the central channel to directly bind to the active 
catalytic site of Dis3p/ Rrp44p in a channel-
independent fashion (Fig. 2) (84, 85).  It should be 
noted here that Exo10Dis3 is distributed in both the 
nucleus and cytoplasm, whereas Exo11Dis3p+Rrp6p is 
localized exclusively in the nucleus owing to the 
characteristic nuclear distribution of Rrp6p (79).  
Additionally, the Exo11Dis3p+Rrp6p engages in the 
interaction with its obligate interacting partner 
Lrp1p/Rrp47p (C1D in humans) to form a 12-
subunit multiprotein complex in the nucleus 
(Exo12Dis3/Rrp6/Rrp47 in yeast and Exo12Dis3/Rrp6/C1D in 
humans) (Table 1) (80, 86).  Markedly, Rrp6p also 
interacts with M-phase phosphoprotein-6 (Mpp6p) 
protein (Table 2), which is necessary for its 
function (87–89).  Rrp47p and Mpp6p participate 
in RNA binding and interaction with 
structured/pyrimidine rich sequences (90). 

Remarkably, structural composition of the 
exosome subunits from yeasts reveals a high 
degree of conservation with the composition and 
structure of the exosome from humans with a few 
notable differences.  The subunits of human 
exosome are named either as human Ribosomal 
RNA Processing (hRRP; after the yeast Rrp 
proteins) or as EXOSome Component (EXOSC) 
proteins (Table 1).  One key difference between the 
two involves the existence of three different 
isoforms of the yeast Rrp44p in humans, DIS3, 
DIS3L1 and DIS3L2 (91, 92) with a distinctive 
intracellular distribution of each one.  While, DIS3 
primarily localizes to the nucleoplasm (but is 
excluded from nucleolus), DIS3L1 are exclusively 
distributed in the cytoplasm (Tomecki et al. 2010).  
Furthermore, although DIS3L2 is cytoplasmic, it 
often distributes in the cytoplasmic foci associated 
with the P-bodies (93).  Accordingly, only DIS3 
and DIS3L1 contact with the nuclear and 
cytoplasmic forms of the exosome respectively via 
the “hexameric” ring subunits opposite to their 
surfaces that interact with the “cap” structure, 
whereas DIS3L2 does not interact with the core 
exosome (84).  The second key difference between 
the yeast and human exosome lies in the 
intracellular distribution of the Rrp6p in yeasts and 
that of its human orthologue PM-
Scl100/hRRP6/EXOSC10.  While the yeast Rrp6p 
is strictly localized in the nucleus, 
hRRP6/EXOSC10 is localized to both the nucleus 
and the cytoplasm (91, 92, 94, 95).  Thus, the 
nuclear RNA exosome in humans includes Exo9, 
DIS3 and EXOSC10/C1D 
(Exo12DIS3/EXOSC10/C1D) (Table 1) (73). 

 
Table 1. Composition and functions of the yeast and human nuclear exosome and its cofactors. 

Subunit Yeast 
Ortholog 

Human 
Name Cellular Function Functional 

Features 
Key 
Refrences 

EXOSOME 
 

Rrp4p 
 

hRrp4p/ 
EXOSC2 
 

Exosome non-catalytic core component; involved 
in assembly and determination of trimeric cap 
structure 

S1,KH RNA binding 
domain 

(80, 249, 
266) 

 Rrp40p 
 

hRrp40p/ 
EXOSC3 
 

Exosome non-catalytic core component; involved 
in assembly and determination of trimeric cap 
structure 

S1,KH RNA binding 
domain 

(80, 249, 
266)) 

 
Rrp41p/ 
Ski6p 
 

hRrp41p/ 
EXOSC4 
 

Exosome non-catalytic core component; involved 
in assembly and determination of hexameric ring 
structure 

RNase PH domain (80, 249, 
266) 

 Rrp42p 
 

hRrp42p/ 
EXOSC7 
 

Exosome non-catalytic core component; involved 
in assembly and determination of hexameric ring 
structure 

RNase PH domain (80, 249, 
266) 

 Rrp43p 
 

EXOSC8 
 

Exosome non-catalytic core component; involved 
in assembly and determination of hexameric ring 
structure 

RNase PH domain (80, 249, 
266) 

 Rrp44p/ 
Dis3p 

hRrp44p/ 
hDis3p/ 

Exosome core complex catalytic component with 
both endonuclease & processive 3'→5' 

RNase R ,CSD1/2 
and  PIN domains 

(76, 82, 
267). 
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 EXOSC11 
 

exonuclease involved in RNA processing and 
degradation 

 

 Rrp45p 
 

PM/Scl-
75/ 
EXOSC9 
 

Exosome non-catalytic core component; involved 
in assembly and determination of hexameric ring 
structure 

RNase PH domain (80, 249, 
266) 

 Rrp46p 
 

hRrp46p/ 
EXOSC5 
 

Exosome non-catalytic core component; involved 
in assembly and determination of hexameric ring 
structure 

RNase PH domain (80, 249, 
266) 

 Rrp6p 
 

PM/Scl-
100/ 
EXOSC10 
 

Nuclear Exosome exonuclease component; a 
distributive  3→5 exonuclease involved in RNA 
processing, maturation, degradation  

RNase D 
PMC2NT,HRDC 
and Lasso domains 

(62, 79, 80, 
268) 

 Mtr3p 
 

EXOSC6 
 

Exosome non-catalytic core component; involved 
in assembly and determination of hexameric ring 
structure 

RNase PH domain 
(80, 266, 
268, 269) 
 

 
Csl4p/Ski4
p 
 

hCsl4p/ 
EXOSC1 
 

Exosome non-catalytic core component; involved 
in assembly and determination of trimeric cap 
structure 

S1 and Zn-ribbon  
RNA binding 
domain 

(80, 266, 
268, 269) 
 

TRAMP 
 

Mtr4p 
 

hMTR4p/ 
DOB1 
 

ATP dependent 3'-5'RNA helicase of the DExD/H 
family; involved in RNA processing, degradation 
both as dependent or independent of TRAMP 
complex; unwinds RNA duplexes; required for 
5.8s rRNA processing 

Arch domain, with 
two coiled-coil 
arms/stalks and a 
globular fist/KOW 
domain with RNA 
binding activity 

(112, 114, 
115) 
 

 Trf4p 
 hTRF4p 

Non-canonical poly(A)polymerase; involved in 
nuclear RNA degradation as a component of the 
TRAMP complex; catalyzes polyadenylation of 
hypomodified tRNAs, snoRNA and rRNA 
precursor 

CAT and Central 
domains 

(96, 107, 
109, 216) 

 Trf5p 
 

PAPD5 
 

Non-canonical poly(A)polymerase; involved in 
nuclear RNA degradation as a component of the 
TRAMP complex; catalyzes polyadenylation of 
hypomodified tRNAs, snoRNA and rRNA 
precursor; required for mRNA surveillance and 
maintenance of genome integrity 

CAT and Central 
domains 

(96, 107, 
109, 216) 

 Air1p 
 ZCCHC7 

Zinc Knuckle Protein; involved in nuclear RNA 
degradation as a component of the TRAMP 
complex; stimulates the poly (A)polymerase 
activity of Pap2p in vitro 

Zinc Knuckle 
domain 

(96, 119, 
270) 

 Air2p 
 ZCCHC7 

RNA binding subunit of the TRAMP nuclear 
RNA surveillance Complex; catalyzes 
polyadenylation of hypomodified tRNAs and 
snoRNA and rRNA precursor; required for 
mRNA surveillance and maintenance of genome 
integrity; serving as a link between RNA and 
DNA metabolism 

 (110, 270) 

 RBM7  

Putative RNA binding protein, component of 
NEXT complex and involved in degradation of 
PROMPTs and aberrant forms of non-coding 
snRNAs 

RRM domain (148, 214) 

CTEXT 
 CBC1 

CBP80, 
NCBP1,  
 
 

Large subunit of cap-binding protein complex; 
interacts with Npl3p to carry nuclear 
poly(A)+mRNA to cytoplasm ;involved in nuclear 
mRNA degradation and telomere maintenance. 

Three MIF4G 
domains 
 

(64, 168) 

 CBC2 

CBP20, 
NUD13, 
SAE1, 
NCBP2 

Small subunit of the heterodimeric cap binding 
complex with STO1p; interacts with 
NPl3p,possibly to package mRNA for export from 
the nucleus; telomere maintenance 

RMP fold (64) 
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 TIF4631/4
632 

eIF4G1/ 
eIF4GII 

Involved in translational initiation, Stress granules 
assembly, ribosomal large subunit biogenesis; 
localizes to the cytoplasm, cytoplasmic stress 
granules and cytoplasmic mRNA processing body 
Translation initiation factor eIF4G; subunit of 
mRNA cap-binding protein complex(eIF4F) that 
also contains eIF4E(Cdc33p) 

Three RRM 
domains, one PAB, 
MIF and CBC 
binding domain 
RRM,NES and NLS 
domains 

(251, 271–
273) 

 

 Dbp2p DDX5 

 Plays a crucial role in various aspects of mRNA 
metabolism, ATP dependent DEAD Box helicase, 
binds mRNA and implicated in the nuclear 
retention of special mRNAs, regulates the 
glucose/nitrogen stress response by controlling 
reversible nuclear retention and decay of SKS1 
mRNA. 

Two RecA like 
domains, Q-motifs 
and one N-terminal 
and one C-terminal 
extensions. 

 
(125, 170) 
 

NNS 
Complex Nrd1p No clear 

homologue 

Involved in 3’end formation of some mRNAs, 
snRNAs, snoRNAs and CUTs; interacts with 
CTD of RNA pol II large subunit Rpo21 at 
phosphorylated Ser5 to direct transcription 
termination of non polyadenylated transcript; 
nuclear mRNA surveillance, Binds and degrades 
aberrant mRNAs 

CTD,RE/RS,RRM,P
/Q domains 

(105, 106, 
131, 134) 

 Nab3p No clear 
homologue 

Involved in 3’end formation of some mRNAs, 
snRNAs, snoRNAs and CUTs and termination of 
non-poly(A) transcripts and efficient splicing, 
Binds and degrades aberrant mRNAs 

D/E,RRM,P/Q 
domains 

(106, 131, 
135, 274) 

 Sen1p SETX 

ATP dependent 5’to 3’ RNA-DNA hybrid and 
DNA helicase; Component of NNS complex 
involved in 3’end formation of some mRNAs, 
snRNAs, snoRNAs and CUTs, Binds and 
degrades aberrant mRNAs 

Protein interacting 
domain, ATPase 
helicase 
domain,NLS,Rbp1p 
and Rnt1p domain 

(106, 274–
276) 

 

 
Source: Self designed by corresponding author (Fig 2-Nandi et al . (2025)) 
Fig. 2. Structure and distribution of the nuclear exosome complex. (A) Schematic representation of 
core exosome (Exo11Dis3p + Rrp6p) from S. cerevisiae.   
The hexameric bottom PH ring complex is shown in blue; the trimeric cap complex, pale green; Rrp6, pink; 
and Dis3p/Rrp44p, orange.  The threading single stranded RNA (indicated with red line) is moving 35 
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through the central channel of the complex to the Dis3p/Rrp44 exonucleolytic centre, where it is degraded.  
(B) The composition of the exosome complex is shown along with various cofactors in different 
compartments in yeasts and humans.   

 
4.2 Co-factors of the nuclear exosome and their 
RNA targets in yeasts 
Fascinatingly, the nuclear exosome, 
Exo11Dis3p+Rrp6p lacks any catalytic specificity and 
in principle can target and degrade a wide range of 
RNAs in the cell, which offers a challenge for this 
mRNA decay machine to ensure that only the 
aberrant and specific exosomal RNA targets are 
degraded in a selective fashion without degrading 
the normal functional messages.  This is 
accomplished by evolving a set of exosomal co-
factors consisting a group of ancillary protein 
complexes, which impart RNA substrate specificity 
to the Exo11Dis3p+Rrp6p by associating with it under a 
given set of conditions.  These cofactors 
collectively (i) modulate/stimulate the exonuclease 
activity of the Exo11Dis3p+Rrp6p in vivo and (ii) 
assists the nuclear exosome to properly recognize 
aberrant RNA targets by distinguishing them from 
the normal functional messages.  To date three 
cofactors are reported in the literature, which 
include the TRAMP complex (96–99), the CTEXT 
complex (8, 100–102) and the NNS complex (103–
106).  Each of these complexes primarily recognize 
a specific class of RNA targets to be degraded and 
recruit these specific target RNAs to 
Exo11Dis3p+Rrp6p complex to enable their 
degradation. 
4.2.1. TRAMP Complex and its various RNA 
targets 
One of the best-understood and well-studied 
ancillary co-factor of the exosome is the TRAMP 
(TRf4/5-Air1/2-Mtr4-Polyadenylation) complex in 
baker’s yeast, Saccharomyces cerevisiae, which 
contains a non-canonical poly(A) polymerase, 
Trf4p(Pap2p)/Trf5p, Zn- knuckle RNA binding 
proteins-Air1p/2p, Mtr4p and DExH box RNA 
helicase (Table 1) (96–99, 107–109). They 
facilitate the exosomal degradation various sets of 
target RNAs.  Trf4/5p constitutes two distributive 
poly(A) polymerases and are localized in the 
nucleolus and nucleoplasm, which typically add 
short poly(A) tails to the substrates RNAs (110, 
111).  The helicase activity of Mtr4p is thought to 
(i) relax the secondary structures of target RNA, 
(ii) dislocate any RNA-bound proteins to promote 
nucleolytic cleavage, (iii) modulate adenylation 
reaction of Trf4/5p and (iv) catalyze dissociation of 
the TRAMP complex from target RNA to restrict 
the number of adenylate residues to 4-5 (Table 1)  
(112–115). Five Zinc-knuckle motifs of Air1p/2p 
is believed to increase the fidelity of the binding of 

TRAMP complex to the target RNAs (Table 1).  
Thus, the TRAMP complex simulates the 
degradation via adding short poly (A) tails to the 
RNA substrates and facilitates the exonucleolytic 
degradation by exosome. 
Remarkably, TRAMP complex is known to assist 
the nuclear exosome to target both non-coding and 
coding RNA targets in vivo.  Previous reports 
implicated TRAMP in the nuclear surveillance and 
degradation of hypomodified initiator pre-tRNAs 
(116, 117), polyadenylation of improperly 
processed ribosomal RNAs, snRNAs and snoRNAs 
(96, 98, 99, 117–120) and their subsequent 
degradation by the nuclear RNA processing 
exosome.  In addition to the non-coding transcripts, 
the TRAMP complex along with the nuclear 
exosome complex plays a pivotal role in the 
targeting and selective degradation of faulty 
mRNAs resulting from earlier phase of mRNP 
biogenesis as exemplified by transcription-
assembly-defective mRNAs and intron containing 
un-spliced pre mRNA (Fig. 1) (Table 2) (Das et al. 
2014; Maity et al. 2016; Saha et al. 2024).  Thus 
TRAMP complex constitute a key co-factor of the 
nuclear RNA processing exosome, which helps the 
healthy cell in ridding various aberrant non-coding 
and messenger RNAs and defends the cell from 
their catastrophic impacts. 
4.2.2. CTEXT Complex and its various RNA 
targets 
The CTEXT complex constitutes the second 
important co-factor of the nuclear exosome, which 
was discovered as a nuclear decay system in 
Saccharomyces cerevisiae and was initially named 
DRN (Decay of RNA in the Nucleus).  DRN was 
initially identified from the genetic suppressor 
analysis of a mutation in CYC1 gene encoding iso-
1-cytochrome C protein in baker’s yeast.  This 
mutation, called cyc1-512 consisted of a 38 base 
pair deletion in the 3-untranslated region of the 
CYC1 gene, which eliminated the key signal 
sequences required for the transcription 
termination of this gene and appropriate cleavage 
and polyadenylation reaction and proper 3-end 
maturation of CYC1 mRNA (121, 122).  
Consequently, the resulting mutant cyc1-512 
mRNAs have abnormally long 3-untranslated 
region, all of which were polyadenylated at much 
further downstream sites (123).  These aberrant 
messages with abnormally long 3-UTR and 
polyadenylated at further downstream sites were 
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found to be retained in the nucleus and were 
rapidly degraded by two proteins, the nuclear 
mRNA cap binding protein, Cbc1p and the nuclear 
exosome component, Rrp6p (123, 124).  Further 
research demonstrated that apart from the cyc1-512 
mRNAs, the DRN system also targets and degrades 
export defective lys2-187 mutant mRNAs (65).  
Extension of this interesting finding further 
revealed that in addition to Cbc1p and Rrp6p, two 
other shuttling proteins, Tif4631p (previously 
known as the translation initiation factor gamma, 
eIF4GI) and Upf3p (UP Frameshift 3 protein, a key 
component of cytoplasmic non-sense mediated 
RNA decay) (100), and a DEAD box double-
stranded RNA helicase Dbp2p (Table 1) (61, 125) 
also participate in the degradation of these 
abnormally long 3-end maturation defective cyc1-
512 mRNAs.  Mutation or deletion of any of these 
genes showed stabilization and diminished decay 
of both of the 3-end maturation defective cyc1-512 
and export defective lys2-187 mRNA targets (123, 
126).  Further investigation revealed that at least 
four different kinds of aberrant messages are 
generated in the nucleus of baker’s yeast at various 
stages of mRNA biogenesis events (Fig. 1) (Table 
2).  They include the transcription-elongation 
defective, splice-defective, aberrantly long 3-end 
formation defective and export-defective messages 
(Table 2) (8).  An effort to determine the functional 
relationships of the DRN system with the nuclear 
exosome and TRAMP complex with respect to the 
elimination of aberrant mRNAs unveiled that (i) 
DRN system consisting of Cbc1p, Tif4631p, Upf3p 

and Dbp2p together constitute a second co-factor 
of the nuclear exosome, which was redesignated as 
CTEXT (Cbc1p-Tif4631p-dependent EXosomal 
Targeting) complex, (ii) there is a clear division of 
duties between the TRAMP and CTEXT 
complexes in terms of their specificity towards the 
aberrant nuclear messages.  While TRAMP assists 
the nuclear exosome to recognize the transcription-
elongation defective and splice defective messages 
(those which arise in the earlier phases of mRNP 
biogenesis namely during transcription and 
splicing), CTEXT is responsible for recognition 
and degradation of export-defective messages 
(faulty messages that are produced during the late 
phase of mRNP biogenesis namely during the 
export) (Fig. 1) (Table 2) (8).  The defective 
messages generated in the middle phase of mRNP 
biogenesis such as the 3-maturation defective 
transcripts during the 3-end processing events are 
recognized and degraded both by the TRAMP and 
CTEXT (Fig. 1) (Table 2).  Recent investigation 
has established that all the CTEXT components 
physically interact among one another (Saha et al. 
2024a, Gaine and Das, unpublished) and they exist 
together as a separate, independent four-protein 
distinct complex (Gaine and Das, unpublished).  
Collectively, all these findings thus established that 
CTEXT constitutes the second co-factor of the 
nuclear exosome that plays a pivotal role in 
degradation of aberrant mRNAs produced during 
the late phase of nuclear mRNP biogenesis (8, 61, 
100).   

 
Table 2:  Various Kinds of Aberrant mRNPs generated in the nucleus of Saccharomyces cerevisiae 

mRNP Biogenesis 
Stage 

Events during mRNP 
Biogenesis Type of aberrant mRNAs References 

Early 
Transcription Transcription assembly-defective transcripts 

generated in THO mutants (120, 277–279) 

Splicing Intron containing splice-defective messages 
generated in prp2-1 mutant (63, 280, 281) 

Intermediate 
3-end processing, 
cleavage & 
polyadenylation 

Transcription-read through messages 
produced in rna14-1, rna15-2 and pap1-1 
mutants 
cis-acting 3-end extended cyc1-512 mRNAs 

(62, 64, 66) 

Late Nuclear export 

Export Defective messages generated in rat7-
1 and nup116- mutants  
Export inefficient non-aberrant special 
messages 
cis-acting export defective lys2-187 mRNA 

(65, 168, 282) 

Another independent study uncovered that CTEXT 
also targets and degrades almost 243 normal 
functional messages in a selective fashion, which 
were termed as ‘special’ mRNAs (127).  Although 
this finding initially came as a big surprise, soon it 

became very clear that the preferential decay of 
these mRNAs represents a post-transcriptional 
mechanism of regulation of the expression of genes 
that eventually determines cellular 
abundance/repertoire of these ‘special’ messages 
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under various environmental cues.  Recent research 
showed that by preferentially degrading specific 
functional messages, CTEXT and the nuclear 
exosome controls various cellular processes like 
activation of Unfolded Protein Response (101, 
128), Cell’s ability to respond to the 
glucose/nitrogen starving conditions (129), 
regulation of telomere length and silencing 
(Banerjea et al., unpublished) (See below in 
Section 5). 
4.2.2. NNS Complex and its various RNA 
targets 
In baker’s yeast, the trimeric protein complex 
called NNS (Nrd1p-Nab3p-Sen1p) complex was 
previously implicated in the non-canonical 
pathway involving transcription termination and 3-
end maturation of several non-coding RNAs (Table 
1) (130–135).  Notably, the transcription 
termination and 3-end maturation of these non-
coding RNAs including pre-snRNAs, pre-
snoRNAs, and Cryptic Unstable Transcripts 
(CUTs) follows an alternative mechanism of 
formation of 3-end, which is completely different 
from 3-end formation of the messenger RNAs as 
described above in Section 2 (136, 137).  NNS 
complex was reported to play an essential role in 
the 3-end maturation of these non-coding RNAs, 
thereby leading either to their maturation (if their 
3-ends are formed correctly) or degradation by the 
exosome and TRAMP (if they are formed 
aberrantly) (104, 138).  Remarkably, the NNS 
complex was also demonstrated to bind numerous 
mRNAs (133, 139–143).  However, the major NNS 
component, Nrd1p was shown to promote 
degradation of only handful of functional mRNAs 
and only one kinds of aberrant mRNAs (130, 132, 
144–146).  Therefore, the functional significance 
of binding of NNS complex to multitude of 
mRNAs remained inexplicable and enigmatic.  In 
an effort to evaluate if NNS complex directs the 
degradation of all kinds of aberrant mRNAs, as a 
general mRNA surveillance factor, Singh et al. 
(2021) showed that indeed NNS complex plays a 
seminal role in the degradation of all kinds of 
aberrant messages as described above (Table 1) 
(106).  The study further showed that NNS 
complex is selectively recruited onto all kinds of 
faulty transcripts in co-transcriptional manner in 
RNAPII-dependent manner and this co-
transcriptional loading of NNS complex serve as a 
molecular “mark” to categorize these loaded 
aberrant messages as “faulty” (106).  Furthermore, 
recruitment of NNS complex is followed by the 
recruitment of either TRAMP (if the NNS 
recruitment is carried out directly by RNAPII onto 

the aberrant messages, which happens in earlier 
phase of mRNP biogenesis) or CTEXT (if the NNS 
recruitment is indirect and is taking place via 
another protein called Pcf11p, which happens 
during terminal phase of mRNP biogenesis) (106).  
Remarkably, the study also established that NNS 
complex as the general “exosomal specificity 
factor” (ESF) and is essential for marking every 
exosomal target messages (including the special 
messages) as the target for the nuclear RNA 
processing exosome (106). 
In summary, the nuclear RNA processing exosome 
is assisted by three different kinds of cofactors in 
baker’s yeast in recognizing and efficiently 
targeting specific classes of aberrant mRNAs.  
These aberrant mRNAs are marked by the selective 
loading of the NNS complex onto these faulty 
messages, which is accompanied by the sequential 
recruitment of either the TRAMP or the CTEXT 
complex proteins and finally of the nuclear 
exosome complex for their preferential decay.  In 
contrast, the NNS complex are recruited seldom 
onto the normal functional mRNAs which thereby 
escape the degradative action of the nuclear mRNA 
surveillance system. 
4.3 Co-factors of the nuclear exosome and their 
RNA targets in humans 
Humans possess three distinct exosomal cofactors 
as exemplified by the nucleolus-localized 
hTRAMP complex (147, 148) and the 
nucleoplasm-specific nuclear exosome targeting 
(NEXT) (Nuclear EXosome Targeting) (148) and 
PAXT (PolyA taileXosome Targeting) (148, 149) 
complex.  The hTRAMP complex consists of 
human orthologues of Mtr4p (dubbed hMTR4), 
Air1p (ZCCHC7) and Trf4p (PAPD5/hTRF4-2) 
(148, 150).  The NEXT complex, in contrast, is 
composed of the three components, hMTR4, 
RBM7 (having an RNA recognition motif, RRM) 
and the ZCCHC8 protein (148).  PAXT, includes 
hMTR4, a zinc finger protein ZFC3H1 and an 
RNA binding PABPN1 protein (148, 149).  
Notably, both NEXT and PAXT complexes were 
known to physically associate with the cap-binding 
complex containing ARS2 (CBCA complex) via an 
adaptor protein, ZC3H18.  This adapter protein 
physically tethers the exosome to nascent capped 
transcripts to promote their degradation following 
termination (149, 151).  Surprisingly, humans do 
not have any known ortholog of Nrd1p and Nab3p, 
thereby indicating that the function of these 
proteins are dispensable in higher eukaryotes.  
Interestingly, in fission yeast, 
Schizosaccharomyces pombe, a Mtr4-like nuclear 
helicase, dubbed Mtl1p, interacts with a zinc finger 
protein, Red1p and form the MTREC complex, 
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which is involved in the silencing of 
heterochromatic and meiotic RNAs, CUTs and 
unspliced transcripts (152–154).  Remarkably, all 
the CTEXT in S. cerevisiae, MTREC in S. pombe 
and NEXT/PAXT in humans are reported to 
interact with the cap-binding complex (CBC in 
yeasts and CBCA/ARS2 in humans) and the 
exosome (152, 154, 155) and all of them lack 3′-
polyadenylation activity.  This attribute of these 
protein complexes suggests that (i) the 
CTEXT/MTREC in the baker's/fission yeasts and 
the NEXT/PAXT complex in humans display a 
conservation in their modes of function, and (ii) 
their RNA binding and helicase activities are 
capable of generating a single-stranded 3′-termini 
that are sufficient to recruit the exosome. 
In accordance with their intra-nuclear localization, 
the hTRAMP and NEXT complexes act on 
different classes of RNA substrates. While 
hTRAMP principally participates in the 
oligoadenylation of the aberrant improperly 
processed nucleolar rRNAs to facilitate their 
decay, the depletion of the NEXT components 
causes the accumulation/stabilization of the nuclear 
exosome substrates e.g. PROMoter uPstream 
Transcripts (PROMPTs) and 3′-extended products 
from U1/U2 snRNAs and replication-dependent 
histone (RDH) mRNAs (148, 151, 156, 157).  
Recent findings are suggestive of the fact that the 
collaboration between NEXT and the RNA cap-
binding complex (CBC) is vital for the 
identification of the RNA targets by NEXT (151, 
158).  Utilizing the individual nucleotide-resolution 
UV crosslinking and immunoprecipitation (iCLIP) 
procedure, a recent transcriptome-wide study of 
target RNAs of the human exosome (using RBM7 
as bait) revealed that the nuclear exosome majorly 
targets RNAPII-derived RNAs such as PROMPTs, 
pre-mRNA introns, long noncoding RNA 
(lncRNA), repetitive elements, pre-mRNA exon, 
short ncRNAs (miRNA, snoRNA, tRNA, snRNA), 
unannotated rRNA, 3′-extended snoRNAs and 
newly synthesized RNAs (159).  Further research 
will identify the entire ranges of the target RNA 
classes in humans, which would unveil if the 
division of duty between various exosomal co-
factors exists in humans like yeasts, which 
specifically target distinct RNA classes. 
5. Role of Nuclear mRNA Surveillance in 
Regulating Various Cellular Processes 
As stated above in Section 4.2.1., the CTEXT 
complex in yeast assists the nuclear exosome to 
target and degrade the export defective messages in 
baker’s yeast (155).  A quest to determine if the 
Nuclear RNA processing exosome also degrades 
normal functional messages, a transcriptome-wide 

analysis of steady-state levels and stability of the 
global messages in WT and yeast strains defective 
in the RNA exosome and CTEXT complex was 
carried out, which showed that almost 243 
messenger RNAs displayed dramatic upregulation 
in these mutant yeast strains (127).  This finding 
indicated that these normal messages are degraded 
by the nuclear exosome/CTEXT, which in turn 
determines their cellular repertoire and this 
phenomenon reflects a novel paradigm of gene 
expression in post-transcriptional level.  These 
normal pool messages exhibiting susceptibility to 
the nuclear exosome/CTEXT, were subsequently 
dubbed as “Special” mRNAs (127).  Emerging 
evidence in last ten years clearly established that 
the selective nuclear degradation of the some of 
these normal mRNAs dependent on the nuclear 
exosome/CTEXT is directed to control diverse 
physiological process especially under various 
stress conditions.  Each of these processes 
controlled by the nuclear mRNA surveillance 
machinery are briefly described below. 
5.1. The RNA processing exosome and CTEXT 
controls the activation and attenuation of 
Unfolded Protein Response (UPR) in baker’s 
Yeast 
Massive accumulation of unfolded proteins within 
the endoplasmic lumen (ER) that undergo in 
response to various stressors such as exposure of 
the yeast cells to drug like tunicamycin, reducing 
agents such as DTT and high temperature leads to 
a major threat to the survival of the cells.  Yeast 
cells respond to this stressors (Called ER stressors) 
by activating an intracellular signalling pathway 
called Unfolded Protein Response (UPR) Pathway 
(160–162).  This UPR response is accompanied by 
the massive and dramatic activation of a group of 
genes encoding ER-chaperones and heat-shock 
proteins, which are promptly brought into the ER 
lumen followed by the quick refolding of the 
unfolded proteins thereby mitigating the stress and 
restoring ER homeostasis (160–162).  Hac1p, a 
bZIP class of transcription factor, plays a seminal 
role in the activation of UPR response by trans-
activating the genes encoding ER chaperone and 
heat-shock proteins.  Remarkably, the 
transcriptomic data published by Kuai et al. (2205) 
revealed that HAC1 mRNA is one special mRNAs 
which may potentially undergo degradation by the 
CTEXT component, Cbc1p and the nuclear 
exosome component, Rrp6p (127).  This 
observation prompted a naïve quest if the UPR is 
regulated by the activity of the nuclear 
exosome/CTEXT.  Studies by Sarkar et al. (2018) 
and Paira et al. (2023) uncovered that indeed the 
pre-HAC1 mRNA (but not the mature HAC1 
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mRNA) undergoes degradation actively by the 
NNS complex, CTEXT and exosome components 
in the absence of ER stress and mutation in any of 
these components led to the dramatic stabilization 
of this pre-mRNA (101, 128).  Additional research 
established an attractive model of regulation of 
expression of pre-HAC1 mRNA that suggests an 
active functional involvement of the 
CTEXT/Exosome in the activation of UPR in 
baker’s yeast.  In the absence of ER stress, HAC1 
pre-mRNA harboring an intron and a secondary 
stem-loop structure (called bipartite element or BE) 
at the 3-UTR of the mRNA undergoes rapid 
degradation from 35 direction, which produces 
a nested population of pre-HAC1 mRNA, most of 
which does not carry this BE (101, 128).  Notably, 
the BE was reported to play a pivotal role in the 
transport of these nested messages from the site of 
transcription in the nucleus to the site of non-
canonical splicing (163) by the Ire1p and Rlg1p 
present on the ER surface (164–167).  
Consequently, this nested population of HAC1 pre-
mRNA lacking the BE fails to be transported from 
nucleus to ER surface at a site called Ire1p foci and 
does not undergo splicing.  However, a small 
residual amount of pre-HAC1 mRNA is exported 
to the cytoplasm and undergo ribosome loading.  
But the translation of the pre-HAC1 mRNA stops 
immediately owing to the presence of a RNA 
secondary structure formed between the 5-UTR of 
the RNA and the intron resulting in very little 
Hac1p production (164).  In the presence of the ER 
stress, the nuclear degradation of pre-HAC1 
mRNA is sharply diminished to produce a 
population of pre-HAC1 mRNA, most of which 
harbor BE and are efficiently transported to ER 
surface and undergoes extensive splicing and 
translation to produce copious amount of Hac1p 
protein, which are quickly imported to the nucleus 
to engage in the transcriptional activation of the 
ER-Chaperone and heat-shock protein gene (101, 
128).  A Rab-GTPase protein, Ypt1p was recently 
demonstrated to play a seminal role in the initial 
recognition of the HAC1 pre-mRNA by binding to 
this message in the vast background of other 
mRNAs and promotes further recruitment of the 
NNS, CTEXT and the nuclear exosome in a 
sequential manner in the absence of ER stress 
(128).  This study also established that Ypt1p is 
also acting as a sensor of ER stress and in presence 
of the ER stressors, it rapidly relocates from the 
nucleus to cytoplasm leading to the diminished 
degradation and subsequent downstream events as 
described above (128).  This finding thus suggests 
that activation of UPR in baker’s yeast is under the 
control of the nuclear mRNA surveillance 

mechanism that is accomplished by the preferential 
and reversible degradation of pre-HAC1 mRNA. 
5.2. The RNA processing exosome and CTEXT 
regulates the ability of the yeast cells to respond 
and survive under glucose and nitrogen limiting 
conditions. 
The transcriptomic dataset by Kuai et al. (2005) 
also unveiled that SKS1 mRNA encoding a serine-
threonine kinase essential for glucose uptake under 
glucose and nitrogen limiting environment undergo 
a massive stabilization/upregulation in the yeast 
strains lacking functional exosome and CTEXT 
complex (127).  Further investigation revealed that 
SKS1 indeed undergo a rapid decay in the nucleus 
by the CTEXT and the nuclear exosome partly 
because, this mRNA undergoes a slow and 
sluggish export like the aberrant mRNAs.  Via 
imposing an artificial export block at the restrictive 
temperature of 37C in a temperature sensitive 
mRNA export-defective yeast strain, a previous 
study revealed that a “Kinetic Competition” exists 
in the nucleus between the nuclear export of 
mRNA and nuclear mRNA degradation (168) such 
that messenger RNAs that are exported rapidly 
from the nucleus will escape from the nuclear 
degradation by the CTEXT and the exosome.  This 
class of mRNAs are exemplified by the bulk-
normal functional mRNAs.  In contrast, those 
mRNAs displaying slow and inefficient export as 
exemplified by the aberrant mRNAs are rapidly 
degraded by the nuclear mRNA surveillance 
mechanism. Towards finding the explanation of 
susceptibility of SKS1 mRNA to the nuclear 
exosome/CTEXT, an investigation aimed to 
characterize its attribute revealed that the SKS1 is 
export incompetent and spends a prolonged time in 
the nucleus and is thereby actively targeted and 
degraded by the nuclear degradation machinery 
(127, 129).  Remarkably, studies to explain the 
mechanism of nuclear retention of SKS1 mRNA 
uncovered that it is accomplished by the concerted 
interaction of Dbp2p, an ATP-dependent RNA 
helicase (a major component of CTEXT) with a 
cis-acting export-retarding nuclear zip-code 
element, called NZ element present in the SKS1 
transcript body (169, 170).  Elimination of either 
NZ element from the SKS1 transcript body or the 
deletion of Dbp2p leads to the rapid export of 
SKS1 messages from the nucleus to the cytoplasm 
resulting in the stabilization and enhancement of 
the steady-state level of SKS1 mRNA (169).  A 
recent study finally showed that under nutrient rich 
condition, when Sks1p-serine-threonine kinase 
activity is not required for the cell, the nuclear pool 
of Dbp2p binds tightly to the SKS1 mRNA, which 
prevents its association with the export factors 
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Mex67 and Yra1p (129).  Inability of the export 
factors to associate with SKS1 leads to its strong 
nuclear retention that in turn promotes its intra-
nuclear degradation by the nuclear 
exosome/CTEXT leading to very low abundance of 
the SKS1 (129).   
Upon starvation of the cells from glucose/nitrogen 
in the growth medium leads to the rapid 
relocalization of the Dbp2p to the cytoplasm 
causing prompt binding of the export factors 
Mex67p/Yra1p to the SKS1 that in turn further 
stimulate rapid export of the SKS1 mRNA from the 
nucleus to the cytoplasm (129).  Once in the 
cytoplasm, SKS1 is actively translated to produce a 
huge burst of Sks1p protein pool in the cytoplasm, 
which assists the cell to dramatically increase the 
glucose/nitrogen uptake from the medium under 
nutrient limiting state (129).  This phenomenon 
thus represents another paradigm of regulation of a 
key physiological process by the nuclear mRNA 
surveillance machinery that is achieved by the 
reversible nuclear retention and preferential 
degradation of SKS1 mRNA in baker’s yeast. 
 
5.3. The RNA processing exosome and CTEXT 
regulates the telomere length during ethanol 
stress and survival of the yeast cell during 
arsenic stress. 
Telomeres are nucleoprotein structures located at 
the ends of every chromosome, which play a 
critical role in protecting the ends to prevent loss of 
genetic information owing to the inability of the 
DNA polymerase to synthesize the lagging strand 
at the very end of the chromosome.  Second, 
telomeres also possesses specific features that 
prevents the fusion of two chromosome ends (171).  
By carrying out these two duties, the eukaryotic 
telomeres play a pivotal role in maintaining the 
genome integrity in all organisms.  Consistent with 
their importance, defects in telomeric functions are 
associated with many kinds of diseases including 
several types of cancers (172).  A rigorous analysis 
of the transcriptomic dataset of Kuai et al. (2005) 
also uncovered that a group of transcripts 
associated with telomere functions were 
upregulated in yeast mutant strains carrying 
mutations in the CTEXT component, Cbc1p and 
exosome component, Rrp6p, which indicates that 
these transcripts may undergo degradation by the 
nuclear exosome.  Subsequent examination of 
steady-state levels of some of these messages in 
WT and CTEXT and exosome mutant yeast strains 
indicated that a few transcripts, EST2, TEL1 and 
MTC7, which play a role in elongating the 
telomere length have increased dramatically in the 
mutant yeast strains indicating that the nuclear 

exosome and CTEXT target and degrade these 
messages (Banerjea and Das, unpublished).  This 
finding raised an important question if telomere 
length in baker’s yeast is controlled by the nuclear 
mRNA surveillance.  Further studies showed that, 
telomere length becomes increased in the yeast 
mutant strain lacking either functional CTEXT or 
exosome (Banerjea and Das, unpublished).  
Finally, imposition of 6% ethanol stress to the WT 
yeast cells which was previously known to increase 
telomere length (173) is also accompanied by the 
upregulation of the EST2, TEL1 and MTC7 
transcripts (which elongate the telomere length) 
and downregulation of the CTEXT and exosome 
components (Banerjea and Das, unpublished).  
These preliminary findings argue in favor of the 
idea that the nuclear mRNA surveillance indeed 
govern the telomere length maintenance during 
ethanol stress.  However, further research is 
necessary to completely uncover the mechanistic 
insights into this novel phenomenon. 
More recently, the preliminary data from Das 
laboratory also hint at the possibility that the 
nuclear mRNA surveillance also plays a vital role 
in governing the rapid response of the yeast cells 
during stress impinged by the presence of sodium 
arsenate in the medium.  A scrutiny into the 
transcriptomic datasets by Kuai et al. (2005) 
revealed that the ACR2 mRNA encoding an arsenic 
reductase – a key protein implicated in the 
detoxification of arsenic (174) may undergo 
degradation in CTEXT and the nuclear exosome 
dependent manner.  Initial evaluation revealed that 
indeed the levels of ACR2 is dramatically enhanced 
in the yeast mutant strains carrying mutant alleles 
of the CTEXT and the nuclear exosome (Nandi, 
Kundu and Das, unpublished).   
It also appears that the enhancement of steady-state 
levels of ACR2 that typically occurs in the elevated 
levels of arsenic is partially contributed by its 
diminished degradation that is accomplished by 
reduced decay of the ACR2 message by the nuclear 
exosome and CTEXT.  Further research is 
necessary to gain an insight into the mechanism of 
this interesting phenomenon. 
In summary, the findings appended above are 
indicative of the fact that the apart from the 
selective elimination of the aberrant messages, the 
second function of the nuclear mRNA surveillance 
machinery is to selectively degrade specific 
‘special’ mRNAs and thereby control various 
physiological/cellular processes associated chiefly 
with various stress responses (see the concluding 
Section 7 below).  
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6. Connections between mRNA surveillance 
machinery and human diseases 
A large body of information emerged over the last 
two decades of active research established a strong 
link between mRNA surveillance machinery and 
human diseases. A comprehensive account of the 
putative roles played by various components of the 
nuclear mRNA surveillance machinery including 
the nuclear exosome and its various co-factors in 
diverse human diseases/disorders are appended 
below. 
6.1. Cancer 
6.1.1. hDIS3-the major catalytic subunit of the 
exosome is linked to cancer 
Numerous studies implicated the human hDIS3 
gene (involved in the cellular and proliferation 
process) in multiple myeloma (MM), in which 

hDIS3 was found to be mutated (Fig. 3) (Table 3) 
(92, 175–178).  Remarkably, these mutations are 
clustered around the exonuclease domain of DIS3 
in approximately 10%–15% of all the MM cases, 
affecting its 3′→5′ exonuclease activity (175).  In 
model organisms, it was demonstrated that DIS3 
gene depletion led to the activation of RAS 
oncogene, which presumably is a secondary 
consequence of the accumulation of LET28B 
because of its diminished decay.  Enhanced amount 
LET28B protein inhibits the maturation of let-7 
family of micro-RNAs (179), which in turn 
silences the MYC, RAS and other mRNAs.  In 
conclusion, RAS is activated upon DIS3 
inactivation leading to MM and pancreatic cancer 
(180, 181). 

Table 3:  Nuclear Exosome/Co-factor variants connected to human diseases 
 

Subunit Associated disease Amino acid 
Substitution 

Type of mutation Referenc
e 

EXOSC2/hRrp4p Novel syndrome characterized by 
progressive sensorineural pigmentosa 
and hearing loss, hypothyroidism, 
premature aging, mild intellectual 
disability 

p.Gly30Val, 
p.Gly198Asp 

Missense variant c.89G>T in exon 1 
& c.593G>A in exon 7 altering the N-
terminal and KH domain respectively 

(212) 

EXOSC3/hRrp40p Pontocerebellar Hypoplasia Type 1b 
(PCH1b) and Spinal motor neuron 
abnormalities 

p.Gly31Ala, 
p.Asp132Ala, 
p.Trp238Arg, 
p.Ala139Pro, 
99fsX11 

Missense mutations 
c.395A>C,c.92G>C, 
712T>C&415G>C; frameshift 
c.294_303del  & splice site mutation 
c.475-12A>G altering NT,KH & 
S1domains 

(209) 

EXOSC8/hRrp43p Pontocerebellar Hypoplasia Type 1C 
(PCH1c), hypo myelination, spinal 
muscular atrophy (SMA) and 
cerebellar hypoplasia 

p.Ala2Val,  
p.Ser272Thr 

Missense mutations c.815G>C & 
c.5C>T alter opening of the RNA 
channel & interfere with kozak 
sequence and/or cause mRNA 
instability 

(210) 

EXOSC11/hRrp44p 
/hDIS3 
 
 
 
EXOSC10/PMScl-
100/hRRP6 & 
EXOSC9/PMScl-
75/hRRP45 

Multiple myeloma (MM) p.Asp488Asn, 
p.Asp784His, 
p.Glu665Lys, 
p.Arg780Lys 

Translocation and deletion mutations 
alter the PIN  
& RNB domain 
 

(176–
178)  

Raynaud’s phenomenon, arthritis, 
pulmonary disease, and calcinosis 

Not known Anti-PM/Scl autoantibody  is targeted 
against (PM/Scl-100) and (PM/Scl-
75) 

(283) 

RBM7 Spinal Motor Neuropathy 
 

p.Pro79Arg Missense mutations, mutation c.236C 
> G in RRM domain affects RNA 
binding. 

(211, 
214) 

TIF4631/ 
eIF4GI 

Autosomal dominant  p.Arg1205His, 
p.Ala502Val, 
p.Gly686Cys, 
p.Ser1164Arg, 
p.Arg1197Trp  
 

Missense mutation c.3614G>A, 
c.1505C>T 
c.2056G>T, c.3490A>C 
c.3589C>T disrupt  
 
eIF4E binding 
 
Overexpression of eIF4GI 
 
depleting eIF4GI 

(236) 
 
 
 

(202) 
 
 

(203) 
 

(241, 

Parkinsonism 
 
 
 
 
Breast Cancer  
 
Ischemia induced neuronal death 
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Regulates life span 
 

 
 
reduction of eIF4GI 
  

242) 
(196, 

251–255, 
284, 285) 

UPF3B/UPF3 
 
 
 
 
 
 
 
 
 
DDX5/p68 
  

 
X-Chromosome linked syndromic 
and non-syndromic mental 
retardation 
 
 
 
Breast cancer, colon cancer, prostrate 
cancer, lung cancer, gastric cancer, 
liver cancer, squamous cell 
carcinoma, neuroblastoma and 
thyroid cancer and leukaemia 
 
Obesity, Down syndrome, myotonic 
dystrophies type I and II, 
neurological disorders, RNA virus 
infections Polycystic kidney 
disease,Amyotrophic lateral sclerosis  

 
Tyr160Asp 

 
Frameshift mutations 
674_677delGAAA, 867_868delAG & 
Nonsense mutations 1288C4>T cause 
premature protein truncation 
Missense mutation 478T> G 
 
Overexpression of DDX5 
regulation of various tumorigenic 
factors, including c-Myc, VEGF, c-
jun, AKT, fra-1, MMP2, and MMP9 
 
 
 
 
 
Abnormal expression of DDX5 
 

 
(230) 

 
 
 
 
 

(186–
192, 194, 

286) 
 
 
 
 
 

(259–
265) 

SETX  
 

Ataxia-Ocular Apraxia 2 (AOA2) Stop codon 
introductions 
 
 
 
Polymorphisms 
 

Homozygous mutations causing 
protein truncation 
2602C→T, 915G→T 
5070insT, 2622–2625delAGTT etc. 
3147C→T, 3455G→T 
3576T→G, 3754G→A 
4156G→A 

(219) 

 

 
 
 Source: Self designed by corresponding author (Fig 3-Nandi et al . (2025)) 
Fig. 3. Schematic diagram showing the links between the various nuclear exosome and its cofactors in 
different human diseases.   
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Connections are presented with an arrow to the relevant nuclear mRNA surveillance components. Note of 
integration indicates the uncertainty associated with the link of eIF4G with PD (see text for details). 

 
6.1.2. DEAD-box RNA helicase DDX5/P68 is 
implicated in various kinds of Cancers 
Yeast Dbp2, human DDX5/P68 and fly Rm62 
belong to a subfamily of DEAD-box proteins and 
are the largest class of enzymes active in 
eukaryotic RNA metabolism.  It is therefore not 
surprizing that mutation and dysregulation of such 
important enzymes will be associated to a 
multitude of diseases, including cancer (Fig. 3) 
(182–185).  It has been reported that DDX5 
undergo dramatic overexpression in breast cancer 
(186), colon cancer (187), prostrate cancer (188), 
lung cancer (189) gastric cancer (190), liver cancer 
(191) squamous cell carcinoma (192), 
neuroblastoma, thyroid cancer (193) and leukaemia 
(194) (Fig. 3) (Table 3).  Consequently, it is quite 
evident now that DDX5/p68 is involved in the 
regulation of various tumorigenic factors, including 
c-Myc, VEGF, c-jun, AKT, fra-1, MMP2, and 
MMP9 (187, 195), implying its critical functional 
role in tumour development.  It is currently 
believed that the modulation of these tumorigenic 
factors by DDX5/p68 through direct physical 
interaction may lead to the cancer progression and 
drug resistance associated with these cancers.  
Consequently, current evidence project the DDX5 
an attractive and potential target for therapeutic 
interventions for them. 
6.1.3. The crucial component of the nuclear 
exosome cofactor CTEXT, Tif4631p/eIF4G1 is 
involved in various Cancers 
Overexpression of Tif4631p (also known as 
eIF4GI) was reported to associate with malignant 
transformation of cells (Fig. 3) (Table 3) (196).  In 
mouse fibroblast cell lines, overexpressed 
Tif4631p/eIF4GI results in continuous cell-growth 
and injection into mice promotes tumour formation 
(197).  Overexpression of Tif4631p/eIF4GI is 
associated with increased incidence of hypo-
pharyngeal and nasopharyngeal carcinoma (198, 
199), squamous cell carcinomas, large and small 
cell carcinomas, adenocarcinomas (200) (Fig. 3) 
(Table 3).  The observation of a dramatic loss of 
tumour size in the xenografted mice when 
Tif4631p/eIF4GI was inactivated actually led to 
the concept of using Tif4631p/eIF4GI level as a 
biomarker for these cancers (201).  A drastic 
increase in Tif4631p/eIF4GI expression was 
reported from biopsies of breast cancer patients 
(202).  Inflammatory breast cancer tumour 
formation is promoted when IRES-mediated 
translation of mRNAs is increased due to 
overexpression of Tif4631p/eIF4GI (203). 

6.2. Neurological disorders and 
neurodegenerative diseases  
6.2.1. Mutations in the core exosomal 
components EXOSC2/3/8/9 are associated to 
diverse neurological disorders and 
neurodegenerative diseases 
Mutations in various components of the core 
exosome are the cause of some rare neurological 
disorders like pontocerebellar hypoplasia (PCH), 
spinal motor atrophy, a novel neurological 
syndrome, and a unique form of cerebellar 
hypoplasia (Fig. 3).  Mutations in the gene 
encoding one of the three exosomal cap subunits, 
EXOSC3 (a homolog of yeast Rrp40p) is the cause 
of PCH subtypes 1b (204) (Table 3).  The altered 
amino residues G31 (located in N-terminus) D132 
(located in S1 domain) and W238 (located in KH 
domain) all alter the point of contact of EXOSC3 
with EXOSC5 (yeast Rrp46) and EXOSC9 (yeast 
Rrp45) (72) (Table 3) suggesting that these 
residues play a critical role in interaction.  
Impaired interactions between EXOSC3 and 
EXOSC5/EXOSC9 leads to the generation of a 
functionally compromised exosome under disease 
state.  Recent studies were conducted in the model 
organism S. cerevisiae as well as in mouse 
neuronal cell line carrying these mutations in the 
equivalent locations (205, 206).  No dramatic 
defect in cell growth and abundance/stability of the 
corresponding variant exosome containing 
rrp40G8A, rrp40G148C, rrp40S87A and 
rrp40W195R (corresponding to the human 
EXOSC3-G31A, EXOSC3-G191C, EXOSC3-
D132A variants, respectively) (Table 3) was 
observed suggesting that these substitutions have 
hardly any noticeable effect despite being present 
in the conserved residues (205, 206).  On the 
contrary, significant reduction in the abundance 
and stability was observed in the rrp40W195R 
variant in yeast and EXOSC3-W237R variant in 
mouse N2a neuronal cell line (both equivalent to 
human EXOSC3-W238R) (Table 3). This 
observation suggested that this variant 
rrp40W195R subunit associated much less 
efficiently with the other exosome subunits to form 
a functional exosome complex (205), thereby 
dramatically impairing the ribosomal RNA 
processing function of the exosome, while having a 
modest impact on snRNA processing, degradation 
of cryptic unstable transcripts and selective subsets 
of mRNA (205, 206) indicating the crucial role 
played by this residue in the assembly and quality 
control of the exosome, further impacting the 
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function of this critical molecular machine in the 
neuronal cells (205). 
The degree of suffering of the PCH patients differ 
depending on the various kinds of mutations they 
carry.  Some of them live less than 2 years 
displaying severe phenotype. These patients are 
further subdivided into four groups.  A 
homozygous G31A (located at the N-terminal 
domain of EXOSC3) is harboured by the first 
group, second group harbours compound 
heterozygous mutations (D132A/Y109N, and 
D132A/A139P, Y109 are located at the N-terminal 
and D132 and A139 in S1 domain both conferring 
null allele) (Table 3). Severe disease phenotypes 
are noted in the third and fourth groups carrying 
either a homozygous G135E mutation (located at 
the N terminus domain) or compound heterozygous 
G31A/W238R mutations (located at the N-terminal 
and KH domains, respectively) (Table 3).  Those 
individuals carrying homozygous D132A 
substitutions in the S1 domain of the protein 
exhibit a little higher life expectancy (usually 
greater than 3 years). Whereas a homozygous 
G191C or a compound heterozygous V80F/D132A 
mutations located in the conserved N-terminus and 
S1 domain show a mild form of the disease.  These 
data indicate that various disease phenotypes 
affecting different regions of the brain (207) are 
contributed by different amino acid substitutions in 
the distinct domains of this protein. 
Most or half of the PCH1b patients who did not 
live past childhood (208), displayed certain 
features like major atrophy of the pons and the 
cerebellum, abnormalities in the Purkinje cell (209) 
degeneration of the spinal motor neurons (208), 
microcephaly, muscle growth/ developmental 
retardation (204).  A similar symptoms were 
noticed when EXOSC3 knockdown in Zebrafish 
embryos led to the reduced body length, a 
shrunken or collapsed hindbrain with 
undifferentiated cerebellar Purkinje neurons, 
curved spine with poor motility and death around 3 
days post fertilization (209) suggesting EXOSC3 is 
essential in survival and development of cerebellar 
and spinal motor neurons. 
In order to further understand the functionality of 
the variant exosome in the tissue, knowledge 
regarding the target RNAs of the exosome needs to 
be identified in the specific neuronal tissue from 
the normal and affected individuals.  This 
information will enlighten about the processing and 
degradation abilities of the variant exosome 
carrying different mutations and how that 
contributes to the onset and progression of this 
disorder. 

Spinal muscular atrophy (SMA) and PCH type 1c 
(PCH1c), which affect children is caused by a 
mutation in EXOSC8 gene, the human homolog of 
yeast RRP43 (210).  Two different kinds of 
homozygous mutations in EXOSC8 gene, a S272T 
mutation conferring a severe phenotype (life span 
less than 2 years) and an A2V substitution 
conferring a less severe phenotype (life span more 
than 2 years 6 months) were identified from exome 
sequencing of individuals suffering from PCH1c 
(Table 3).  The residue S272 is located towards the 
C-terminus of the protein within the PH domain, 
which plays a vital role in the interaction between 
EXOSC8 (yeast Rrp43p) and EXOSC9 (yeast 
Rrp45p) and forms the bottom opening of the 
central channel through which single stranded 
RNA is fed (72). The interaction between EXOSC8 
with EXOSC1 (yeast Csl4p) is contributed by the 
A2 residue. These two missense mutations act as 
hypomorphic allele (210) that in turn leads to a 
reduction in the EXOSC8 protein resulting in an 
overall depletion of the entire exosome complex as 
detected from patient myoblasts and fibroblasts 
(Table 3). Increased levels of developmental HOX 
mRNAs and the HOTAIR long ncRNA (critical 
epigenetic regulator of gene expression) and some 
myelin-related, AU-rich element (ARE)-containing 
mRNAs (e.g., MBP, MOBP) were exhibited from 
EXOSC8-A2V-expressing fibroblasts and 
EXOSC8-S272T-expressing myoblasts of affected 
individuals respectively(211).  Decreased level of 
the variant EXOSC8 in PCH1c affected individuals 
leads to the accumulation of HOX and myelin-
related mRNAs, since ARE mRNAs are the known 
targets of the RNA exosome (210), which is in 
support with the above view. This causes 
disruption of the neuro-development and myelin 
synthesis. ARE containing mRNAs encoding 
myelin proteins on the other hand is increased due 
to the depletion of EXOSC8 in human 
oligodendroglia disrupting myelin formation.  
Patients suffering from PCH1c features cerebellar 
and corpus callosum hypoplasia, psychomotor 
deficit, SMA at birth and hypomyelination, muscle 
weakness, impaired  hearing/vision and respiratory 
trouble and developmental defects in spinal motor 
neuron as well as in Purkinje cells. (210). 
A novel syndrome arose from bi-allelic mutations 
in the EXOSC2 gene, the human ortholog of yeast 
RRP4.  Studies from sequence analysis from two 
individuals from two families revealed a 
homozygous (G30V) mutation in the conserved N 
terminal domain and a heterozygous mutation 
(G30V and G198D substitutions) in N-terminal and 
conserved KH domains were observed from 
another individual (207, 212) (Table 3).  G30 is 
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highly conserved and is a critical residue required 
for the interaction between EXOSC2 and 
EXOSC4, supporting the idea that G30V mutation 
may affect the interaction of these two exosomal 
subunits as determined from structural modelling 
studies. The other mutation (G198D) is predicted 
to destabilize the hairpin structure that forms at the 
end of the β-strand in the KH domain and 
interferes with the structural stability of the 
EXOSC2 (Table 3). Some of the features of the 
patients suffering from this syndrome exhibit 
childhood myopia with an early onset of retinitis 
pigmentosa, progressive sensorineural hearing loss, 
hypothyroidism and short stature, premature aging, 
mild intellectual disability and distinctive gestalt 
(212). 
EXOSC9- the human ortholog of yeast Rrp45p is 
implicated in a novel form of cerebellar 
hypoplasia/atrophy with early motor neuronopathy 
(213). A homozygous recessive mutation in 
EXOSC9 (L14P) were detected in two suffering 
patients. Among them the first patient (a 23-month-
old female) displayed normal tone at birth, but 
slowly developed developmental arrest, hypotonia, 
esotropia, severe progressive weakness, 
feeding/respiratory difficulties and distal joint 
contractures. They also exhibited cerebellar 
hypoplasia/atrophy with lack of reflexes and 
widespread neuronopathy. While the other one 
showed some inborn defects including fractures, 
arthrogryposis, severe hypotonia and respiratory 
insufficiency, cerebellar hypoplasia, neurogenic 
changes and delayed myelination. The presence of 
these mutations L14P and R161X lead to a general 
destabilization of the entire exosome complex with 
a reduction in the abundance-associated core 
exosome subunits, EXOSC3 and EXOSC8 as 
observed from the cultured patient fibroblast of the 
first patient. Further studies would enlighten the 
downstream connections of the process conferring 
the disease. But in a nutshell, a defect in the 
exosome subunit EXOSC9 destabilizes the entire 
exosome function resulting in a severe clinical 
presentation related to PCH1 (Fig. 3). 
6.2.2. Mutation in Exosomal component 
RBM7 is linked to spinal motor neuropathy 
RBM7 gene encodes a subunit of the NEXT 
complex.  The RRM domain present in RBM7 is 
implicated in the binding of the U-rich pyrimidine 
sequence (214) and splicing (215). The proline-rich 
sequence present in the RRM interacts with the 
NEXT component ZCCHC8 and spliceosome 
component SAP145 (216). A homozygous 
missense mutation P79R in this gene leads to 
spinal motor neuropathy, which is similar to SMA 
(211) (Fig. 3) (Table 3).  This mutation is located 

close to the junction of two β-stranded regions (β4 
and β4add) within the highly conserved RRM 
domain that presumably makes contact with 
ZCCHC8 (214) and is predicted to affect the 
interaction of RBM7 with ZCCHC8 and 
subsequent binding of the target RNA.  The patient 
carrying this mutation developed hypotonia and 
failure to thrive at the age of 1 month, followed by 
a delayed motor development, muscle weakness, 
and respiratory problems with normal cognition, 
and died of respiratory failure at 28 months of age.  
It has been demonstrated that the level of the 
RBM7 is reduced (37% of the levels in control 
cells) in the fibroblasts of patients suffering from 
PCH1c, who carry EXOSC8-A2V variant (210) 
indicating that the lower stability of the defective 
EXOSC8-containing exosome lead to the reduced 
stability of the exosome cofactor RBM7/NEXT.  A 
higher accumulation of HOX mRNAs and the 
HOTAIR ncRNA (211), was exhibited in 
fibroblasts that expressed mutant RBM7-P79R 
mimicking the EXOSC8-A2V-expressing 
fibroblasts (Table 3), indicating that both mutations 
impair the degradation of the same target RNAs by 
the NEXT/RNA-exosome complex.  Another 
finding that led to the alteration of the hindbrain 
structure (specifically affected the vagal 
brachimotor neurons) and the Purkinje cell 
layer/cerebellum (211) occurred when RBM7 in 
Zebrafish embryos was knocked down suggesting 
its role in the brain development. Detailed studies 
are required to understand all the molecular events 
of this disease. 
6.2.3. Mutations in the exosomal component 
SETX are linked to the clinically distinct 
neurological diseases 
Two clinically distinct neurological diseases, 
ataxia-ocular apraxia 2 (AOA2) and juvenile 
amyotrophic lateral sclerosis results from the 
mutations in human SETX gene encoding 
senataxin, SETX which is the human ortholog of 
yeast Sen1p (a component of the primary exosome 
cofactor NNS) (Fig 3) (Table 3) (217–222).  SETX 
is known to be involved to resolve the R-loops that 
are formed as the bi-products of transcription 
elongation in the exosome in eukaryotes. Basically 
they are a DNA-RNA hybrid region, that leads to 
polymerase stalling, the formation of double-strand 
breaks and genomic instabilities. Notably, R-loops 
are involved in a number of cancers and other 
diseases (223, 224).  Interestingly, R-loop 
formation is prevented by coating the nascent 
RNAs with THO/TREX proteins.  But if formed, 
then exosome is recruited to selectively degrade 
the RNA moieties in the hybrid (223–226).  In 
some of the cases either there are alterations in the 
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ATP-helicase domain of the protein or affect the 
N-terminal protein-binding region.  It is predicted 
that the ability of SUMO-dependent binding of 
SETX to its partner EXOSC9/hRRP45 gets 
impaired which is in turn necessary for the 
exosome recruitment to R-loops in humans (225) 
causing AOA2 and amyotrophic lateral sclerosis 
(225, 227–229) (Fig. 3) (Table 3). 
6.2.4. Mutations in UPF3B are connected to 
X-chromosome-linked mental retardation 
X-chromosome-linked syndromic and non-
syndromic mental retardation has been found to be 
associated with the UPF3B gene which is the 
human orthologs of yeast UPF3 gene (Fig. 3) 
(Table 3) (230, 231).  Three families with this 
phenotype were the subject of study.  For all of 
them resequencing studies revealed that alteration 
in UPF3B gene caused protein truncations and two 
families exhibited the Lujan–Fryns phenotype 
(232, 233) and one exhibited the FG phenotype 
(234).  A premature termination codon (PTC) was 
introduced by the mutation in UPF3B gene guiding 
this PTC containing UPF3B mRNA for nonsense-
mediated decay.  This resulted in a complete loss 
of the protein in two families.  However, it was 
difficult to comprehend how mental retardation 
could have any connection with the UPF3B mRNA 
decay.  Although this phenomenon is not clear at 
this point, it is conceivable that partial or near-
complete loss of NMD can occur when UPF3B is 
absent (particularly in those tissue types where 
UPF3A expression is very low), which in turn 
causes the increased accumulation of some normal 
transcripts targeted by this pathway (230)(231).  In 
yeast S. cerevisiae, UPF3 is an essential 
component of CTEXT, which is a co-factor of the 
nuclear exosome, involved in degrading both 
abnormal and some special messages (155, 235).  
No such function has been assigned to UPF3B in 
the nuclear mRNA degradation in humans.  Further 
studies are needed to see if it participates in to the 
nuclear decay in humans and that its participation 
could explain the link of X-linked mental 
retardation. 
6.2.5. Mutations in Tif4631p/eIF4G1 are 
implicated in Parkinson's disease 
It is predicted that Parkinson's disease (PD) are 
caused by mutations in the human TIF4631 
(eIF4G1) that affects the interactions between 
eIF4G1 and eIF3/eIF4A (Fig. 3) (Table 3) (236).  
R1205H variant of eIF4G1 is a confirmed risk 
factor for PD (237).  However, this mutation was 
not detected among 425 PD patients in the Chinese 
Han population (238).  Also in another study of 
European population, this mutation was not 
assigned as a genetic determinant of PD (239).  

Interestingly, a French family suffering from 
familial Parkinson’s disease has been attributed to 
a mutation in the eIF4GI gene (236).  But, 
insufficient knowledge could not establish any 
direct or convincing link between eIF4G1 
mutations and pathogenesis with PD (239).  A very 
important observation on the studies of nuclear 
mRNA decay focussed on the establishment of this 
process with neurodegenerative diseases.  The 
nuclear exosome and its novel cofactor CTEXT 
tune the output of unfolded protein response in S. 
cerevisiae (101). The nuclear exosome/CTEXT 
selectively degrades the HAC1 pre-mRNA 
dictating the retention/loss of bipartite element, a 
cis-element in the 3-UTR of the pre-mRNA, 
which in turn the targets and recruits this pre-
mRNA to ER surface rich in splicing modulator 
Ire1p/Rlg1p (163) where it undergoes Ire1p-
dependent splicing and subsequent translation to 
produce mature Hac1p, which activates UPR.  The 
absence of stress causes rapid decay of HAC1 pre-
mRNA leading to the low level of targeting to 
Ire1p foci, and little or no production of Hac1p.  
ER stress induces diminished decay, increased 
targeting to Ire1 sites and massive production of 
protein in the subsequent level. In this connection, 
elevation of ER stress and UPR response was noted 
in a study in MM cell line when human eIF4G1 
was knocked down (240). It was previously known 
that UPR has a connection to aging-related 
neurodegenerative diseases like AD and PD, 
apoptosis and autophagy. Now UPR being 
controlled at the nuclear mRNA decay level in 
yeast might help in understanding the underlying 
mechanisms involved in neurodegenerative 
disorders (101). 
Ischemia induced neuronal death has been 
correlated with degrading eIF4G in vivo (241)(242) 
where protein synthesis in neurons decreases after 
ischemic brain injury.  But overexpression of 
eIF4G-I in cultured neurons results in increased 
protein synthesis, providing protection from this 
neuronal death (242) 
6.3. Autoimmune diseases 
6.3.1. Exosome-linked autoimmune diseases 
Myositis, scleroderma, and PM/Scl overlap 
Syndrome represent some of the severe 
autoimmune diseases.  In these diseases, the 
patient’s sera was reported to detect anti-PM/Scl 
autoantibody (243–245) that targets the nuclear 
exosome components EXOSC10/PM/Scl-100 and 
EXOSC9/PM/Scl-75 (human orthologs of yeast 
Rrp6p and Rrp45p) (Fig. 3) (Table 3) (80, 246, 
247). Subsequently, research suggested spreading 
of the intermolecular epitope in the subsequent 
stage may be responsible for the autoantibody 
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response directed against the other associated 
antigens/exosomal components.  However, how the 
initial autoantibody response is initiated is not clear 
but it could be predicted to involve defective 
apoptosis (Reviewed in 249).  Notably the patients 
who fall in this group are featured by an elevated 
incidence of Raynaud's phenomenon, arthritis, 
pulmonary disease and calcinosis (248, 249). 
6.3.2. The crucial component of CTEXT 
Tif4631p/eIF4G1 regulates lifespan 
Studies of the lifespan of yeast and nematodes 
demonstrate a link in the expression of eIF4GI with 
the stage of development of these organisms (196).  
For example, in yeast and nematodes, 
developmental arrest and lethality in vivo happens 
when eIF4GI expression is absent (250, 251) in 
their early developmental stage (Fig. 3) (Table 3).  
However, during adulthood, when the organism is 
fully developed, lifespan of these organisms can 
increase when expression of eIF4GI is reduced 
(252–256).  Studies reported that a deletion in 
gene, TIF4631 encoding eIF4GI results in the 
production of a long lived mutant yeast.  In adult 
nematodes, reducing overall eIF4G expression 
definitely increases lifespan. It has been interpreted 
as a modest shift in translation efficiency from 
transcripts associated with growth to those 
associated with homeostasis and increased 
longevity apart from globally reducing translation 
(257). 
6.4. DDX5/p68 the RNA Helicase is involved 
in non-cancerous diseases 
Being ubiquitously expressed in human tissues, 
this helicase plays a multifunctional role in a 
number of the cellular processes (182–185).  It has 
been demonstrated experimentally that DDX5/p68 
plays a role in variety of non-cancerous diseases.  
Some of the examples of diseases concerned with 
DDX5/p68, includes obesity (258, 259), Down 
syndrome (260), myotonic dystrophies (261) and 
neurological disorders (262).  Dbp2 is also 
implicated in RNA virus infections (263).  
Polycystic kidney disease (264), Myotonic 
dystrophy type 1 (262) and myotonic dystrophy 
type 2 (265) are the non-cancerous diseases caused 
due to DDX5 dysfunction (Fig. 3) (Table 3). 
 
7. Conclusion and Future Directions 
After an extensive research by many laboratories 
for nearly three decades, a considerable 
advancement in the understanding on the 
fundamental nature of mRNA surveillance has now 
become clear.  A substantial amount of knowledge 
concerning the structure of the nuclear exosome 
complexes from yeasts and humans and their co-
factors TRAMP and NEXT (human counterpart of 

CTEXT) are now available and their mode of 
function have become much clearer in the past 
decade.  As described above we now have more or 
less clear picture available about how the single 
stranded mRNA targets are bound to the Exo11 
and is threaded through the central channel to reach 
to Rrp44/Dis3 or to the Rrp6p for their final 
degradation.  Furthermore, our understanding on 
how the aberrant/faulty and ‘special’ mRNA 
targets are distinguished from the bulk functional 
mRNAs in yeasts via the selective loading of the 
NNS complex onto the exosomal target messages.  
However, many crucial aspects of modes of 
distinction between the aberrant vs. normal mRNA 
targets still remained enigma and our 
understandings of the exosomal function in humans 
are still far from complete. 
In the context of the various disease 
phenotype/pathology, an in-depth knowledge of the 
structural organization and assembly of the 
altered/mutant exosome is key to comprehend how 
a given alteration in amino acid residue at a given 
position in DIS3/EXOSC2/3/8/9 proteins brings 
about the abnormal physiological consequences 
observed in these disorders.  It is extremely 
baffling to conceptualize how the amino acid 
replacements in similar locations in the same N-
terminal domain in EXOSC2 (G30) and EXOSC3 
(G31) proteins may lead to such diverse 
phenotypes found in the novel syndrome and 
PCH1b, respectively.  Similarly, how the different 
amino acid substitutions at various locations in 
EXOSC3 and EXOSC8 proteins yield PCH type 1b 
and 1c, respectively, with resembling and 
overlapping clinical symptoms is inexplicable 
under our current knowledge. Furthermore, it still 
remains a paradox about how amino acid 
substitutions in different exosomal subunits can 
cause such varied tissue-specific symptoms. It 
should be noted here that recent structural studies 
start to shed some hints on the probable 
mechanisms regarding how the variant exosomes 
may cause dysfunction.  It is speculated that amino 
acid substitutions may primarily result in both the 
changes in the levels and the stabilities of the 
variant exosomal subunits, which may drastically 
affect the assembly of the variant exosome 
complex in a cell-specific or tissue-specific 
manner. Alternatively, it is also possible that either 
the altered polypeptides are impaired in the 
interaction with the tissue-specific substrate RNAs 
and thereby affect their decay kinetics or the 
interactions between the altered/mutant exosome 
with various co-factors may get abrogated leading 
to the accumulation of tissue-specific RNA targets.  
Additional research addressing these issues will 
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soon clarify the current and existing enigma 
concerning these issues. 
A significant amount of future research efforts are 
predicted to be invested on the roles of the well-
conserved amino acids concerning the exosomal 
functions, many of which were found to be altered 
in these diseases.  In particular, how these 
mutations impact the structural and functional 
outcomes of the mutant/altered nuclear exosome, 
and its various co-factors would be addressed with 
a long-term goal of understanding of the 
mechanisms of these diseases. It would be 
interesting to uncover if any of these altered amino 
acids results in the dysfunction of the variant 
exosome in a tissue-specific manner (such as in 
brain or in cerebellum). 
A challenging question demanding urgent attention 
is to address how each of the various yeast and 
human exosome co-factor complexes compete with 
one another to associate with the exosome either to 
promote the exosome localization in diverse 
cellular compartments or to facilitate exosomal 
recruitment to the specific RNA targets.  Unfolding 
the comprehensive physiological repertoire of 
RNA targets of the nuclear exosome in both yeasts 
and humans will be crucial in this respect to 
identify the cellular pathways and gene expression 
programs regulated by this systems.  In particular, 
understanding the nature of the RNA targets and 
the critical elements used in their recognition 
would be vital to have an insight into this issue.  
Furthermore, the extensive knowledge regarding 
the cell-type and tissue specificity of the RNA 
targets would be very crucial to unveil the 
mechanistic insight of the tissue-specific impact of 
the mutant and variant human exosome and its co-
factors.   
As stated above, the current evidence support the 
active involvement of the yeast nuclear 
exosome/CTEXT in various cellular processes 
associated with the activation of several stress 
responses such as Unfolded Protein Response, 
cell’s response to nutrient starvation stress, arsenic 
stress, and telomere elongation in response to 
ethanol stress.  Consequently, it is speculated that 
future research in the next few years will witness 
an insight into the functional role of the nuclear 
exosome and CTEXT complex in the regulation of 
additional pathways associated with diverse stress 
response in yeast.  More importantly, extension of 
the knowledge gained from the baker’s yeast 
concerning the role of mRNA surveillance to 
control stress response pathways in humans will be 
of particular relevance in the context of gaining the 
mechanistic insight into the involvement of the 
exosome in neurodegenerative diseases, apoptosis 

and cancer. A better understanding of the 
physiological role of the human exosome and its 
connections to the components of other cellular 
processes would pave the way to gain further 
insight into the mechanism of onset and 
progression of these diseases, which would 
catalyze the development of their novel therapeutic 
strategies. 
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