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Abstract⎯A majority of mammalian and human protein-coding genes undergo alternative splicing with the
formation of mRNA isoforms. It was established that 30−40% of the formed mRNA isoforms fell into a spe-
cial category of bifunctional molecules, “coding−noncoding RNAs.” One possible explanation for the pres-
ence of such a large number of unproductive mRNAs is that these molecules are involved in basic processes
of gene expression regulation. In this review, the concept of regulated unproductive splicing and translation
is considered, which implies a close relationship between the processes of alternative splicing, formation of
noncoding mRNA isoforms, and their subsequent degradation, which determines the proportion of produc-
tive mRNA transcripts of a gene and the level of its expression in the cell. Modern concepts of noncoding
mRNA isoforms of protein-coding genes and their role in the regulation of gene expression under certain
physiological and pathophysiological conditions are presented.
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INTRODUCTION

Wide application of advanced technologies such as
RNA sequencing and ribosomal profiling for transcrip-
tome analysis led to the discovery of a special class of
bifunctional RNAs [1, 2]. These RNAs function as pro-
tein-coding molecules or as noncoding RNAs. In the
literature, such molecules are called “coding−noncod-
ing RNAs” (cncRNA). The functions of cncRNAs are
not completely known, but there is no doubt that they
are the inherent part of the most complex mechanisms
for regulating gene expression [3].

Among the cncRNAs, some noncoding mRNA
isoforms (ncimRNA) of protein-coding genes quanti-
tatively predominate. The ncimRNAs are mostly
formed as a result of alternative splicing owing to the
insertion of a premature termination codon or open
reading frame disruption [4]. The critical role of ncim-
RNAs in the regulation of cell differentiation, intracel-
lular signaling, and RNA splicing was established [5],
as well as their role in the development of some severe
pathophysiological conditions [3, 6, 7]. Thus, the
identification of new ncimRNAs together with deter-
mination of their functional potential is one of the
promising tasks of biology and medicine.

CODING−NONCODING RNAs
Among the whole variety of cncRNAs, several

major groups are distinguished [8]. The first group
includes long noncoding RNAs (lncRNAs), which
contain information on micropeptides. In most cases,
long noncoding RNAs do not encode the proteins, but
are the most important regulators of gene expression
during transcription, splicing of pre-mRNA, and
translation. Long noncoding RNAs are involved in the
regulation of the cell cycle, proliferation, apoptosis,
differentiation, and maintenance of the cell pluripotency
(for more details, see [9]). The structure of some long
noncoding RNA contains short (less than 100 codons)
open reading frames, from which functional micro-
peptides are actively translated. These micropeptides
have no homology with known proteins, are highly
conserved, are characterized by random structure, and
are enriched in the protein interacting sites [1, 10, 11].
One example of peptides encoded by long noncoding
RNAs is myoregulin, which is specifically expressed in
mouse skeletal muscles, directly interacts with the endo-
plasmic reticulum (EPR) Ca2+ ATPase, and participates
in the regulation of muscle fiber contraction [12].

The second group includes protein-coding
mRNAs that perform regulatory functions regardless
of the protein they encode. Acting as noncoding
RNAs, these RNAs participate in the regulation of
879



880 FILATOVA, UTKIN
transcription, translation, and folding, as well as in
determination of the intracellular protein localization.
It should be noted that untranslated regions (UTRs) of
all protein-coding mRNAs contain cis-regulatory ele-
ments that determine mRNA stability and its transla-
tion efficiency [13–15]. In the view of the foregoing,
all mRNA encoding proteins can be considered
bifunctional to a certain extent. The UTRs of coding
mRNAs can also contain trans-regulatory elements
that affect expression of other genes [9]. For example,
the 3' UTR region of MDFIC (MyoD family inhibitor
domain-containing protein, also known as human
I-mfa domain-containing protein, HIC) mRNA con-
tains a fragment capable of competing with 7SK RNA
in the complex inhibiting the activity of CDK9 elonga-
tion factor (Cyclin-dependent kinase 9, also known as
positive transcription elongation factor P-TEFb).
Insertion of HIC mRNA into the complex results in
the loss of its inhibitory properties. For HIV type 1,
CDK9-dependent transcription of viral genes was
demonstrated, which could be stimulated by the
MDFIC-encoding mRNA [16].

The third largest group of cncRNAs comprises
noncoding mRNA isoforms of translated genes. A cer-
tain proportion of noncoding isoforms may arise
owing to genetic mutations leading to the loss of the
gene coding potential. The mutations leading to the
formation of ncimRNAs of protein-coding genes can
be represented by single nucleotide substitutions,
causing the appearance of the premature termination
codon or alternative splicing site, and small insertions
or deletions that disturb the reading frame, as well as
considerable deletions that remove the protein-coding
sequence [17]. These gene changes occur in healthy
people and often do not have phenotypic conse-
quences [18]. Many mutations that cause the appear-
ance of ncimRNAs of translated genes lead the
appearance of loss-of-function genetic variants and
are associated with such severe diseases as cystic fibro-
sis, Duchenne muscular dystrophy, Hurler’s syn-
drome, nephrogenic diabetes insipidus, and certain
types of tumors [19]. In other cases, the formation of
ncimRNAs of protein-coding genes, on the contrary,
has a protective effect, limiting the expression of
defective or potentially harmful proteins [19]. For
example, homozygous nonsense mutation in the pro-
protein convertase subtilisin/kexin type 9 (PCSK9)
gene leads to transcription of ncimRNA, which results
in a decrease in the levels of plasma low-density lipo-
proteins and reduces the risk of developing cardiovas-
cular diseases [20].

Most often ncimRNAs of translated genes arise
from alternative splicing. The ratio of coding and non-
coding isoforms f luctuates and differs depending on
the type of cells and their physiological state, which
has apparent functional consequences [8, 21].
RUSSI
ALTERNATIVE SPLICING
AND NONSENSE-MEDIATED mRNA DECAY

Alternative splicing is the main source of protein
diversity in eukaryotic cells, since it leads to the forma-
tion of a pool of heterogeneous mRNAs of a single
gene, without altering structural organization of the
latter [21, 22]. In the mammalian genome, mRNA
isoforms resulting from alternative splicing predomi-
nate [23, 24]. In humans, more than 90% of genes
contain several exons and undergo alternative splicing.
However, the functions of most of the isoforms are not
fully known [25, 26].

To date, most known alternative splicing regulators
are RNA-binding proteins, namely, representatives of
the SR protein family (proteins containing domains
rich in serine and arginine residues, SR proteins) and
heterogeneous nuclear ribonucleoproteins. SR pro-
teins activate splicing through specific binding of pre-
mRNA and facilitating the spliceosome assembly [27, 28].
Heterogeneous nuclear ribonucleoproteins, on the
contrary, suppress splicing, directly interfering with
the interaction of the spliceosome components with
the splice sites [29]. The combination of RNA-binding
proteins and their quantitative ratio and activity deter-
mine the pre-mRNA region recognized by the spli-
ceosome and regulate the incorporation of nucleotide
sequences into the mature transcript [21, 27]. In other
words, the balance of regulatory proteins determines
the set of mRNA isoforms formed depending on the
type of cells, tissue, and the stage of development of
the organism [30–33].

Alternative splicing can give rise to the events as
follows: exon skipping, where one or more exons and
flanking introns are sliced out from the mature mRNA
sequence, which is the most common form of alterna-
tive splicing in higher eukaryotes; inclusion of mutu-
ally exclusive exons, which is a kind of exon skipping,
where only one of the two exons is included in the
mature mRNA; the use of alternative 3' and 5' splice
sites, which leads to the increase or decrease in the
exon size in the transcript; intron retention, which is
the retention of an intron or its part in mature mRNA
[22, 34]. Different alternative splicing events have dif-
ferent structural and functional consequences. Alter-
native splicing in the 3' or 5' UTR region affects
mRNA stability and its intracellular localization [35, 36].
Changes in the mRNA coding region result in the
reading frame shift and expression of proteins with
similar or antagonistic functions, as well as in the for-
mation of ncimRNA [37]. A separate group is repre-
sented by processed transcripts, in the structure of
which, as a result of alternative splicing, a premature
termination codon (PTC) appears, which also results
in the formation of ncimRNA.

In mammals, the mRNA termination codon is
regarded as premature if it is located more than 50 nt
upstream of the 3'-most exon−exon junction (as a
variant, the position of last intron) [38, 39]. Alterna-
AN JOURNAL OF GENETICS  Vol. 54  No. 8  2018
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Fig. 1. Formation of premature termination codon in alternative splicing. (a) mRNA isoform that does not contain premature
termination codon (PTC). The isoform contains five consecutive exons (designated by figures); termination codon (TC) of the
translated region is located within 50 nt upstream of the 3'-most exon–exon junction. (b) The use of an alternative splice site
results in a change in the length of exon 3 (indicated by a dark rectangle) and the reading frame shift. This results in the appearance
of PTC in the mRNA structure 50 nt upstream of the 3'-most exon–exon junction. (c) Triggering of alternative exon 2B results
in a reading frame shift and the appearance of PTC. (d) Intron preservation (indicated by light rectangle) in the 3'-untranslated
region leads to movement of the TC away from the 3'-most exon–exon junction over a distance of more than 50 nt and the trans-
formation of TC into PTC.

(a)

(b)

(c)

(d)

1 2А 3 4 5

1 2А 3 4 5

1 2B 3 4 5

1 2А 3

4

5

TC

TC

TC

TC

PTC

PTC

PTC

50 nt
tive splicing leads to the appearance of PTC in several
ways (Fig. 1): by using an alternative splice site, inclu-
sion or splicing out of an alternative exon (this shifts
the reading frame in the downstream exons) upon the
intron preservation in the 3' UTR (in this case, the
classical termination codon becomes the PTC) [40].
The PTC-containing mRNA isoforms are considered
as potential targets for elimination by nonsense-medi-
ated mRNA decay (NMD) [41], a universal defense
mechanism directed against the synthesis of defective
proteins. According to the 50 nt rule, about 30−45% of
all mRNA isoforms expressed in human cells and tis-
sues should undergo NMD [41, 42].

UNPRODUCTIVE SPLICING

To explain the need for synthesis, splicing, and
subsequent degradation of such a large number of
ncimRNAs containing PTC, the hypothesis of unpro-
ductive splicing (UPS, regulated unproductive splic-
ing and translation, RUST) was proposed that
described coupling of alternative splicing and NMD
into a single mechanism of gene expression regulation
RUSSIAN JOURNAL OF GENETICS  Vol. 54  No. 8  
[41]. The backbone of the hypothesis is that RUST
directs the already transcribed pre-mRNA along an
unproductive pathway, i.e., the formation of noncod-
ing isoform that undergoes degradation, which makes
it possible to regulate the level of protein expression at
the posttranscriptional level. The UPS process is evo-
lutionarily conserved and is described in yeast, mam-
mals, and plants [43–45]. In the literature, constitu-
tive, regulated, and autoregulatory UPS is distin-
guished [40] (Fig. 2).

Constitutive UPS provides a stable ratio of coding
and noncoding mRNA isoforms in cells and tissues
(Fig. 2a). A typical example is the variety of mRNA
isoforms of the CAPN10 gene (Caplain-10) encoding
the ubiquitous protease. CAPN10 is involved in the
cytoskeleton reconstruction and the intracellular sig-
nal transduction. It plays an important role in insulin-
dependent glucose uptake. As a result of alternative
splicing, eight isoforms of CAPN10 mRNA are con-
tinuously produced in cells, four of which contain
PTC and undergo NMD [38, 42, 46]. Single nucleo-
tide substitution in the third intron of the gene is
described, which leads to the decrease in the total level
2018
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Fig. 2. Types of unproductive splicing. (a) Constitutive unproductive splicing (UPS). Constitutive UPS results in that, in the cell,
three types of mRNA isoforms are constantly formed: protein-coding isoform 1 (1C), protein-coding isoform 2 (2C), and non-
coding isoform 3 (3NC). (b) Regulated UPS. Under the influence of regulatory factors (indicated by large dark arrows), gene
expression is suppressed owing to the increase in the proportion of 3NC isoform and the decrease in the proportion of 1C isoform
(left side), or vice versa, gene expression is increased owing to the increase in the proportion of 1C isoform along with the reduc-
tion of the proportion of 3NC isoform (right side). (c) Autoregulated UPS. An increase or suppression of gene expression takes
place in a way similar to scheme (b). In this case, the role of a regulatory factor is played by the protein product of a gene, which
affects alternative splicing of its own pre-mRNA through a negative feedback mechanism (indicated by dashed arrows).
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of CAPN10 mRNA expression and the development
of insulin resistance in skeletal muscle cells [47]. In
individuals homozygous for this mutation, the risk of
developing type 2 diabetes mellitus is increased [46].
The researchers believe that the described polymor-
phism can lead to a shift in the ratio of CAPN10
mRNA isoforms toward the predominance of non-
coding transcripts degraded by NMD [38].

It was demonstrated that, in humans, expression of
the genes encoding the universal transporter ABCC4
(ATP binding cassette subfamily C member 4, also
known as multidrug resistance-associated protein 4,
MRP4) [48], purine metabolism enzyme, human
hypoxanthine phosphoribosyl transferase 1 (HPRT1),
DNA polymerase beta (POLB) [49], the T-cell recep-
tor beta (TRB) [50], and other mostly ubiquitous pro-
teins [40, 51] was regulated by constitutive UPS. The
factors regulating splicing of pre-mRNA can them-
selves become targets of constitutive UPS. For
RUSSI
instance, for the U2AF1 gene encoding a small subunit
of the spliceosome component U2AF, three mRNA
isoforms were identified. Two productive mRNA iso-
forms encode proteins that, as the spliceosome com-
ponent, stimulate its binding to pre-mRNA and pro-
vide the activity of the whole complex. The third alter-
native noncoding mRNA isoform is expressed at a
high level, but contains PTC and undergoes NMD
[52]. Thus, constitutive UPS can be attributed to the
housekeeping processes that provide cellular homeo-
stasis.

Regulated UPS determines the ratio of coding and
noncoding mRNA isoforms depending on the cellular
or tissue assignment, as well as the stage of development
and the physiological state of the organism (Fig. 2b). The
balance of functional and PTC-containing isoforms
depends on the environmental conditions that affect
the alternative splicing regulatory factors. Thus, shift-
ing the balance toward increasing the production of
AN JOURNAL OF GENETICS  Vol. 54  No. 8  2018
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ncimRNA of the target gene will lead to a decrease in
the expression of productive transcripts and, as a
result, to a decrease in the amount of synthesized tar-
get protein [40]. An example of regulated UPS is the
polymorphism of mRNA isoforms of the MID1 gene
(midline 1) in mammalian and human cells. The
MID1 protein plays an important role in cellular
metabolism, associating as a heterodimer with cyto-
plasmic microtubules and participating in the degra-
dation of protein phosphatase 2. MID1 is character-
ized by the presence of mRNA pool formed as a result
of alternative splicing. The expression of both coding
and noncoding isoforms of the MID1 mRNA is tissue-
specific and depends on the stage of development of
the organism. In fetal brain and liver cells, five and two
noncoding isoforms were detected, respectively, and
in fetal fibroblasts, no noncoding isoforms were
detected. The authors consider expression of PSC-
containing MID1 isoforms and their subsequent deg-
radation by NMD as the main mechanism for regula-
tion of tissue-specific gene expression [53].

Regulated UPS provides variable expression levels
of the fumarylacetoacetate hydrolase (FAH) minor
isoforms in heart, liver, kidney, spleen, and other
human and mouse tissues [54]. In embryonic and
adult rat neural tissues, an alternative form of niscarin
(transmembrane glycoprotein regulating presenelin
activity) is specifically expressed in neurons, while in
astrocytes and glial cells the protein-coding mRNA
isoform is recognized as unproductive and is subjected
to NMD. It is suggested that the disturbance of the
described regulated UPS in the cells of the nervous
system is one of the possible mechanisms for the
development of Alzheimer’s disease [55]. Thus, along
with transcription factors, regulated UPS is consid-
ered as one of the main intracellular mechanisms for
quantitative regulation of gene expression.

Autoregulatory UPS is usually observed in genes
encoding splicing factors and spliceosome compo-
nents. A distinguishing feature of autoregulated UPS
is the ability of gene protein products to specifically
bind to their pre-mRNAs and to influence the process
of their alternative splicing, leading to the formation of
noncoding isoforms (Fig. 2c). A good illustration is
the expression regulation of the polypyrimidine tract
binding protein 1 (PTBP1), a ubiquitous protein
involved in the regulation of splicing, polyadenylation,
translation, mRNA stability, etc. It was demonstrated
that, in HeLa cells, the PTBP1 overexpression pro-
moted alternative splicing of its own mRNA through a
negative feedback mechanism. Alternative splicing
results in skipping of the transcript exon 11, which
leads to the appearance of the PTC and degradation of
the noncoding isoform by NMD. This pathway con-
sumes more than 20% of the total pool of PTBP1
mRNA in the cell [54]. The authors note that the
described mechanism can also be used to enhance the
PTBP1 expression level by decreasing the proportion
of degraded transcripts [56, 57]. The regulation of the
RUSSIAN JOURNAL OF GENETICS  Vol. 54  No. 8  
expression of other key splicing elements by autoregu-
latory RUST was shown: SRSF2 proteins (also known
as SC35) [58] and TRA2B [59], pair of RNA-binding
proteins TIA-1 and TIAL1 [60], trans-regulatory fac-
tor HNRNPD (also knows as AUF1 ) [61], etc. [40].

It should be noted that autoregulatory UPS can be
realized indirectly. For instance, representatives of the
family of CDC-like kinases (CLK) participate in the
regulation of alternative splicing by activating a group
of SR proteins by means of their phosphorylation.
Activation of SR proteins, in turn, leads to the
enhancement of alternative splicing of CLK pre-
mRNA and the formation of predominantly PTC-
containing noncoding isoforms [38, 62]. Owing to the
fact that SR proteins and other alternative splicing reg-
ulators have a wide range of targets, autoregulatory
UPS has an effect on alternative splicing and expres-
sion of a great number of genes.

THE ROLE OF NONCODING mRNA 
ISOFORMS IN DEVELOPMENT

OF SOME DISEASES

The change in the set of mRNA isoforms of pro-
tein-coding genes can be both the cause of the devel-
opment of the disease and its consequence [63].
Although most pathological alterations in the gene
structure or changes in alternative splicing are associ-
ated with the formation of an alternative protein iso-
form [64], the formation of predominantly ncimRNA
in the cell generally has more severe consequences.
For example, cystic fibrosis is a serious hereditary dis-
ease caused by over 2000 mutations in the gene of the
transmembrane conductance regulator (CFTR) pro-
tein. In 70% of cases, mutations affect folding and sta-
bility of the protein product, reducing its activity. In
10% of patients, mutations that lead to the appearance
of PTC in the transcript structure and its subsequent
degradation are revealed. In the latter case, standard
protocols of treatment, implying the use of modulators
of cystic fibrosis transmembrane conductance regula-
tor, have no therapeutic effect [65, 66].

Another example is Duchenne muscular dystro-
phy, a severe disease inherited in X-linked pattern.
The disease is caused by the mutation in the dystro-
phin gene at the Xp21 locus, the protein product of
which is an important structural component of muscle
tissue. Mutation leads to the appearance of PTC and
the protein degradation. In homozygous carriers,
these defects are accompanied by a complete loss of
motor activity and death at the age of 20−30 years.
Becker muscular dystrophy is a benign form of
Duchenne dystrophy, characterized by slower disease
progression and longer life expectancy of patients. The
disease develops upon different mutations of the dys-
trophin gene, often leading to the occurrence of con-
siderable deletions in the final transcript, but without
the formation of PTC [42].
2018
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At present, a variant of therapy of such severe con-
ditions by preventing the decay of PTC-containing
transcripts of mutated genes by suppressing NMD has
been suggested. It is supposed that preservation of
noncoding mRNA isoforms in the cell leads to the
production of a partially or fully functional alternative
protein isoform [19]. The effectiveness of the
described approach with the use of antibiotics of ami-
noglycoside series decreasing the level of NMD was
demonstrated in model systems and in small groups of
patients with cystic fibrosis [65, 67] and muscular dys-
trophy [68, 69].

Disturbance of the ratio between productive and
nonproductive mRNA isoforms of a wide range of reg-
ulatory genes can cause the development of different
pathologies. The genetic causes of myotonic dystro-
phy, the most common form of adult muscular dystro-
phy, are well studied. Myotonic dystrophy type 1 is
associated with the increased number of tandem CTG
repeats in the 3' UTR of the DMPK gene (myotonic
dystrophy protein kinase), while myotonic dystrophy
type 2 is associated with the increased number of
CCTG repeats in intron 1 of the CBPB gene (CCHC-
type zinc finger nucleic acid binding protein; another
name is zinc finger protein 9). In the disease, repeats
in the mRNA structure form hairpins, as a result of
which molecules form aggregates at the periphery of
nuclear speckles, where splicing factors are associated
and disrupt their work [3]. Similar disorders in the
cells of adult tissues are accompanied by the realiza-
tion of alternative splicing along the embryonic path-
way, i.e., formation of a spectrum of mRNA isoforms
characteristic of the developing embryo and normally
absent in adults.

For example, in patients with myotonic dystrophy
type 1, impaired alternative splicing of the steroid
receptor RNA activator 1 (SRA1) gene is observed.
The SRA1 gene has two transcripts, protein-coding
and noncoding, formed as a result of preservation of
the first intron and disruption of the open reading
frame during alternative splicing. SRA1 ncimRNA
enhances the activity of the myogenic regulatory factor
MYOD1 (myogenic differentiation 1); its proportion
increases upon myogenic differentiation of human
primary satellite cells. In patients with type 1 myotonic
dystrophy, the ratio of productive and unproductive
isoforms of SRA1 is preserved at the level of embry-
onic tissues [6]. In patients with myotonic dystrophy
type 1 and type 2, decreased expression of the CLCN1
protein (chloride voltage-gated channel 1), the main
protein of the skeletal muscle membrane chloride
channel, was observed. The mouse model demon-
strated that the increased number of CTG repeats trig-
gered alternative splicing of the CLCN1 pre-mRNA
following the neonatal pattern with the formation of a
large number of noncoding isoforms [70]. It should be
noted that the similar mechanism of increasing the
number of RNA-binding triplets that trigger aberrant
RUSSI
alternative splicing is associated with other diseases,
FXTAS syndrome [71] and Friedreich ataxia [72].

In addition to the above-described participation of
the noncoding SRA1 mRNA isoform in muscle cell
development, this molecule plays the role of coactiva-
tor of a great number of nuclear factors, including
chromatin-modulating proteins of polycomb group,
Trithorax group of transcriptional regulators, stem cell
pluripotency factor NANOG [73], and others. The
RNA form of SRA1 is a potential regulator of prolifer-
ation and differentiation of various types of cells, while
the protein form can inhibit its activity [74]. It is not
surprising that disturbance of the ratio between coding
and noncoding SRA1 mRNA isoforms can stimulate
the development of malignant tumors, determine the
type of cancer, and influence its metastasis [3]. For
example, enhancement of the SRA1 ncimRNA
expression is observed in breast cancer cell lines.
Moreover, invasive cancers are characterized by a
higher proportion of unproductive isoform compared
to noninvasive malignancies [75, 76].

The appearance of neoplasia may be often associ-
ated not only with the expression of allele-specific iso-
forms of oncogenesis regulating genes [7] but also with
disturbances in the mechanisms of NMD that prevent
accumulation of defective mRNAs [8, 77]. The NMD
pathway triggers degradation of the PTC-containing
ncimRNAs of the BRCA1 gene, associated with breast
cancer [78], and the PTC-containing mRNA isoforms
of the TP53 gene (tumor protein p53) in bladder can-
cer cells [79]. It was demonstrated that pancreatic car-
cinoma was often associated with mutations of the
UPF1 gene encoding the central component of NMD.
Impaired function of the UPF1 gene leads to a
decrease in the level of NMD in tumor cells. The pro-
cess is accompanied by the preservation and accumu-
lation of ncimRNAs of different genes [80]. To date,
more than 750 mRNA isoforms of the genes regulating
cell division and differentiation that undergo NMD in
normal cells but are overexpressed in tumor cells of
various origin in conditions of decreased activity of
NMD have been identified [5]. It is suggested that
preservation of ncimRNAs results in expression from
their sequences of alternative proteins possessing
oncogenic properties. In this case, activation of ncim-
RNA degradation by NMD can be considered a com-
ponent of anticancer therapeutics [19].

Thus, to date, the role of ncimRNAs of protein-
coding genes in the development of different diseases
has been demonstrated. In most cases, the pathoge-
netic effect of noncoding isoforms is determined by
genetic mutations affecting alternative splicing of both
single and multiple genes. The result of the changes is
an alteration of the ratio between productive and non-
productive mRNA isoforms. In this context, NMD,
which is a natural cellular mechanism for regulating
the ncimRNA content, can be considered as a promis-
ing therapeutic target in certain diseases.
AN JOURNAL OF GENETICS  Vol. 54  No. 8  2018
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CONCLUSIONS

Noncoding mRNA isoforms of protein-coding
genes are bifunctional molecules. On one hand, as in
the case of RNA isoform of the SRA1 gene, nonpro-
ductive sequences can interact with a wide range of
regulatory ribonucleoproteins and influence their
activity. On the other hand, those ncimRNAs whose
regulatory potential has not yet been confirmed indi-
rectly determine expression of the protein product of
their own gene, participating in the regulated UPS.

The concept of regulated UPS implies a close rela-
tionship between the processes of alternative splicing
and NMD, which carry out posttranscriptional regu-
lation of the expression of most mammalian and
human genes. Within the framework of the concept,
the process of alternative splicing determines the
future fate of the transcript, forming either a produc-
tive mRNA isoform or a noncoding isoform, which
subsequently undergoes NMD. Thus, the UPS can
purposefully reduce the production of targeted protein
owing to the increase of the proportion of ncimRNA.
Reduction of the production of noncoding isoforms,
on the contrary, causes an increase in gene expression
at the protein level. The use of the described mecha-
nism of expression regulation plays a key role in the
case where the requirement of a cell in a protein
changes already after the beginning of the coding gene
transcription [40].
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