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Abstract

SAMD4 protein family is a class of novel RNA-binding proteins that can mediate post-transcriptional regulation and
translation repression in eukaryotes, which are highly conserved from yeast to humans during evolution. In mamma-
lian cells, SAMD4 protein family consists of two members including SAMD4A/Smaug1 and SAMD4B/Smaug?2, both of
which contain common SAM domain that can specifically bind to different target mRNAs through stem-loop struc-
tures, also known as Smaug recognition elements (SREs), and regulate the mRNA stability, degradation and transla-
tion. In addition, SAMD4 can form the cytoplasmic mRNA silencing foci and regulate the translation of SRE-containing
mMRNAs in neurons. SAMD4 also can form the cytosolic membrane-less organelles (MLOs), termed as Smaug1 bodies,
and regulate mitochondrial function. Importantly, many studies have identified that SAMD4 family members are
involved in various pathological processes including myopathy, bone development, neural development, and cancer
occurrence and progression. In this review, we mainly summarize the structural characteristics, biological functions
and molecular regulatory mechanisms of SAMD4 protein family members, which will provide a basis for further

research and clinical application of SAMD4 protein family.
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Introduction

Sterile alpha motif domain containing protein 4
(SAMDA4) is a novel class of post-transcriptional regula-
tors and translational repressors in eukaryotes, which
is homologous to Smaug protein in Drosophila mela-
nogaster [1, 2]. Smaug is identified to be a sequence-
specific RNA-binding protein that is mainly involved in
the regulation of post-transcription, mRNA stability and
translation repression during early embryonic develop-
ment of Drosophila melanogaster [3-5]. Smaug pro-
tein is highly conserved from yeast to humans during
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evolution, and its homology with yeast Vtslp and mam-
malian SAMD4 indicates that they have certain similar
characteristics in structure and function [6]. In mam-
malian cells, the identified SAMD4 protein family mem-
bers include SAMD4A/Smaugl and SAMD4B/Smaug?2.
Studies have shown that both SAMD4 family members
contain a specific RNA binding domain, the sterile alpha
motif (SAM) domain, which leads to directly bind tar-
get mRNAs and participate in the post-transcriptional
regulation and mRNA translation repression [3, 6]. It is
well known that RNA binding proteins are involved in
the post-transcriptional regulation processes of gene
expression, including mRNA splicing, nuclear export,
mRNA translation, mRNA stability regulation and sub-
cellular re-localization [7-9]. In addition, the occurrence
of many diseases is caused by a large number of muta-
tions in genes that encode RNA-binding proteins, which
is closely associated with these RNA binding proteins
mediating the steps in post-transcriptional regulation of

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13578-023-00968-x&domain=pdf
http://orcid.org/0000-0003-0232-8766

Wang and Zhang Cell & Bioscience (2023) 13:21

gene expression [10]. Current studies have demonstrated
that SAMD4 is involved in the regulation of several
physiological and pathological processes. For example,
SAMD4 can regulate metabolic homeostasis through
mechanistic target of rapamycin complex 1 (mTORCI)
signaling [11]. SAMD4 also can recruit CCR4 and POP2
deadenylases to target mRNA to trigger their deadenyla-
tion and degradation [12]. The epigenetic modification of
SAMD/ is related to the transcriptional downregulation
of gene expression in human cancer [13]. The abnormal
expression of SAMD4 is also correlated to many diseases
such as myopathy [11], brain ageing [14], skeleton devel-
opment [15] and cancer development [13]. The latest
studies have revealed that human SAMD4 protein family
members suppress human hepatitis B virus (HBV) repli-
cation and the expression levels of SAMD4 are associated
with HBV sensitivity in humans [16].

Previous studies mainly focused on the investigation
of biological functions of the SAM domain of SAMD4
protein and the effects of Smaug on mRNA translation
and mRNA stability during the early embryonic develop-
ment of Drosophila melanogaster. With the development
of research, many researchers are starting to pay atten-
tion to the new physiological and pathological functions
of SAMD4 protein family members in mammalian cells
and even with human diseases. However, the patho-
genic molecular mechanisms between SAMDA4 and vari-
ous diseases still need to be further explored. Therefore,
this paper reviews the current research progress on the
functional roles and molecular mechanisms of SAMD4
protein family members in recent decades, which will
provide possible strategies for further revealing the
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regulatory mechanisms and therapeutic roles of SAMD4
family members in the related diseases.

Evolutionary conservation of SAMD4

SAMD4 is a conserved translational repressor from
yeast Vtslp to mammalian SAMDA4 family [6]. Phyloge-
netic analysis indicates that SAMD4 family members are
evolutionarily conserved, and these proteins have the
same motif structure. Among them, human SAMD4A
and SAMD4B genes are located on human chromo-
some 14 and 19, respectively, which are widely expressed
in various human tissues and organs. Sequence analysis
results show that the protein sequences of SAMD4A and
SAMD4B have a certain homology and conservation in
evolution.

Phylogenetic analysis of SAMD4

According to the sequence information of SAMD4 fam-
ily members downloaded from National Center for Bio-
technology Information (NCBI) database (https://www.
ncbi.nlm.nih.gov/), we constructed the phylogenetic
tree analysis and the motif analysis from yeast Vtslp to
human SAMD4. The phylogenetic tree analysis indicates
that SAMD4 is evolutionarily conserved in Saccharomy-
ces cerevisiae, Drosophila melanogaster, Mus musculus
and Homo sapiens (Fig. 1 A). Homologous motif analysis
from the MEME Suite database (https://meme-suite.org/
meme/doc/meme.html) shows that SAMDA4 protein fam-
ily members have the similar motif structure. Among the
five protein members, human SAMD4A and SAMD4B
have the most common motif structure characteristics,
indicating that they have high homology and sequence
conservation (Fig. 1B).
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Fig. 1 The phylogenetic tree analysis and motif analysis of SAMD4 family members from different species. A Phylogenetic tree analysis of SAMD4
in Saccharomyces cerevisiae, Drosophila melanogaster, Mus musculus and Homo sapiens. B Motif structure analysis of Samd4 (Mus musculus), Vis1p
(Saccharomyces cerevisiae), Smaug (Drosophila melanogaster), SAMD4A and SAMDA4B (Homo sapiens)
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Chromosomal localization and sequence homology

of SAMD4

According to the query results in human genome from
the GEO database (https://www.ncbi.nlm.nih.gov/geo/),
SAMD4A gene is located on chromosome 14q22.2 with
the genome sequence length of about 226, 219 nt, which
is highly expressed in testis, heart and brain tissues.
Nevertheless, SAMD4B gene is located on chromosome
19q13.2 with the genome sequence length of about 48,
328 nt, which is highly expressed in testis, ovary, brain
and other tissues (Fig. 2A). The sequence alignment
result of Clustal Omega database (https://www.ebi.ac.
uk/Tools/msa/clustalo/) shows that the sequence similar-
ity of human SAMD4A and SAMD48B is 41%, suggesting
that they are homologous proteins in evolution with high
sequence homology (Fig. 2B).

Domain structure of SAMD4 protein
SAMD4 is a mammalian homolog of Drosophila Smaug
protein, which has been identified as a novel RNA bind-
ing protein and a conserved translational repressor [1].
Mammalian SAMD4 protein family consists of two
members SAMD4A/Smaugl and SAMD4B/Smaug2.
SAMD4 proteins from yeast to humans contain a highly
conversed SAM domain, which can directly bind mRNA
through a stem-loop structure within 25 ~40 nucleotides
on the 3’ untranslated region (UTR) of target mRNA,
also known as Smaug recognition elements (SREs). It is
found that SREs usually contains the consensus sequence
CNGGN or CNGG to form a 5-base or 4-base ring on
target mRNAs [3, 17, 18]. In terms of primary structure,
Drosophila Smaug protein consists of 999 amino acids
[2], and yeast Vtslp has 523 amino acids [19]. However,
human SAMDA4A protein consists of 629 amino acids
[20], and human SAMD4B protein consists of 694 amino
acids [21]. Except for the common SAM domain, SAMD4
protein family members also have a Smaug similarity
region 1 (SSR1) domain composed of 48 amino acids,
and Smaug similarity region 2 (SSR2) domain composed
of about 83 amino acids at the N-terminal (Fig. 3A).
These two conserved domains have high sequence simi-
larity in Drosophila Smaug, mouse and human SAMD4
proteins [6]. SSR1 domain functions as a dimerization
domain [22], while the function of SSR2 domain remains
unknown. It was found that a missense mutation in SSR2
domain of mouse SAMDA4 protein leads to a loss-of-func-
tion phenotype of myopathy [11]. Either SSR1 or SSR2
domain is deleted, the interaction between Drosophilia
Smaug and Smoothened (SMO) protein is blocked, sug-
gesting that both domains are essential for the interac-
tion between Smaug and SMO protein [23].

Ponting first discovered and defined the SAM
domain as a novel motif in yeast sterile and Drosophila
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polyhomeotic proteins, which can mediate protein-pro-
tein interaction to regulate the sexual differentiation of
yeast and early embryonic development of Drosophila,
and also participate in cell signal transduction pathways
[24]. In addition, Smaug can recruit various proteins
through direct protein-protein interaction, including
Drosophila Cup [25], CUG triplet repeat RNA binding
protein 1 (CUGBP1) [26] and Argonaute 1 (Agol) [27] to
target mRNAs for translational repression and/or mRNA
degradation. Except for the characterized roles in pro-
tein-protein interaction, SAM domain also has the ability
to recognize and bind RNA [17]. For example, the SAM
domain of yeast Vts1 protein can specifically bind to the
RNA hairpin structure in vitro and in vivo [18, 28, 29],
while the SAM domain of yeast MAPKKK Stell protein
plays an important role in transmitting signals to down-
stream kinases [30]. At present, the crystal structure of
the SAM domain of Drosophila Smaug and yeast Vtslp
has been characterized. The Drosophila Smaug-SAM
domain consists of one long a-helix (a5), three short
a-helices (al, a3 and a4) and one 3;, helix (h2) [17].
The yeast Vtslp-SAM domain consists of six a-helices.
Argd64, Lys467, Tyrd68, Leud96, Gly497, Arg500 and
Lys501 are the main amino acids that bind SRE structure
through hydrogen bonding [18, 19, 28, 31] (Fig. 3B).

SAMD4 protein family members play various biologi-
cal functions through the conserved SAM domain. The
SAM domain of Drosophila Smaug binds nanos mRNA
and repress nanos mRNA translation, which has been
linked to Drosophila early embryonic development [6].
Yeast Vtslp and Drosophila Smaug are also reported to
be involved in the post-transcriptional regulation of gene
expression through the common mechanism of inter-
action with stem-loop structure of target mRNA ([3].
Interestingly, the SAM domain of human SAMD4A and
SAMD4B proteins can suppress hepatitis B virus (HBV)
replication though targeting the conserved SRE stem-
loop of HBV RNA and promoting HBV RNA degrada-
tion, which suggesting that human SAMD4 proteins have
the anti-HBV function [16].

Biological functions of SAMDA4

There has been a number of related research on
SAMD4 family members in the field of RNA binding
proteins in recent years. SAMD4 proteins play vari-
ous biological functions mainly through the conserved
SAM domain. Drosophila Smaug and mammalian
SAMD4 proteins have been identified as a novel post-
transcriptional regulator and a new conserved pro-
tein translational repressor [3, 6]. In addition, SAMD4
proteins also participate in the formation of cyto-
plasmic foci [32], and play the antiviral function [16].
The molecular mechanisms by which SAMD4 protein
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Fig. 2 The localization of human SAMD4 family members on human chromosomes and the sequence homology analysis of SAMDA4 proteins.

A SAMD4A is located on chromosome 14g22.2. SAMDA48B is located on chromosome 19q13.2. B The sequence alignment results of SAMD4A and
SAMDA4B proteins
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Fig. 3 The domain compositions of SAMD4 protein family members an

d the structural characteristics of yeast Vts1p-SAM domain. A The domain

compositions of SAMD4 protein members. Yeast Vts1p protein consists of 523 amino acids and one SAM domain. Drosophila Smaug protein
consisits of 999 amino acids and four domains including SSR1, SSR2, SAM and PHAT domain. Human SAMD4A protein consists of 629 amino acids,

while human SAMD4B protein consists of 694 amino acids. Both human
SSR2 domains. B The structual characteristics of yeast Vts1p-SAM domai

SAMD4 proteins contain the common domains including SAM, SSR1, and
n, which contains six a-helices, seven of these amino acids bind to SRE

structure through hydrogen bonds. SAM, sterile alpha motif; SSR, Smaug similarity region. PHAT, pseudo heat analogous topology domain, which

can increase the affinity of the SAM domain for SRE.

family exerts the specific biological functions are illus-
trated in Fig. 4.

Regulation of mRNA stabilization and degradation

Post-transcriptional regulation, mediated by hundreds
of RNA binding proteins, is one of the important charac-
teristics of gene expression regulation in the eukaryotes,
which includes the splicing and processing of mRNA pre-
cursor hnRNA, the process and localization of mRNA

from nucleus to cytoplasm, and the stability and degra-
dation of mRNA [33]. Early embryonic development of
animals is controlled by RNAs and proteins encoded in
the maternal oocyte, and the maturation and activation
of oocyte causes changes in the maternal mRNA stabil-
ity and translation [34]. It is reported that Drosophila
embryogenesis is programmed by maternal mRNAs [35].
For instance, Drosophila hsp83 is a homologous gene
of mammalian /ssp80, which can encode a heat shock
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Fig. 4 Molecular mechanisms of SAMDA4 protein family members of biological functions. From the left to right, the figure describes the molecular
mechanisms of SAMD4 family in cytoplasmic foci formation, mRNA decay and translation repression. After glutamate binds to NMDA receptor,
mRNA-silencing foci (S foci) are rapidly disassembled and the repressed mRNA is instantaneously released to initiate the translation process. SAMD4
indirectly interacts with elF4E to repress mRNA translation. SAMD4 recruits Ago1 to target mRNA to inhibit mRNA translation. SAMD4 recruits CCR4/
POP2/NOT deadenylase complex to target mRNA and remove poly(A) tail at the 3'-end of mMRNA through deadenylation, thus affecting mRNA
destabilization and mediating mMRNA degradation. The SAM domain of SAMD4 specifically binds to the SRE site in HBV RNA and triggers viral RNA
degradation by recruiting CCR4/POP2/NOT deadenylase. AMPK activation by metformin and mTOR inhibition by rapamycin, Smaug1-body releases
SDHB and UQCRCT mRNAs, which are translated into proteins encoding mitochondrial enzymes and participate in the regulation of mitochondria

function

protein Hsp83. Drosophila Hsp83 mRNA is initially
abundant in adult ovary and embryo, and subsequently
passes into the oocyte during 10-11 stage. A large num-
ber of Hsp83 mRNA are accumulated during oogenesis,
suggesting that maternal Hsp83 mRNA plays a critical
role in oocytes or early embryos [36]. Drosophila Smaug
protein can bind target mRNA via the conserved SAM
domain that recognizes stem-loop RNA structure termed
SREs, and has been defined as a multifunctional post-
transcriptional regulator and plays an important role in
regulating the stability of these maternal mRNAs in the
early Drosophila embryo [3, 17]. Smaug can destabilize
more than 1000 mRNAs in early embryo, but whether
these mRNAs represent direct target mRNAs of Smaug
remains unknown. Maternal Hsp83 mRNA is one of
the identified direct target mRNA, but Smaug does not
repress Hsp83 mRNA translation [5]. Studies have shown
that Drosophila Smaug can degrade Hsp83 mRNA by
binding directly to mRNA through eight SREs in the
Hsp83 open reading frame [37]. Mechanically, Drosophila

Smaug recruits CCR4/POP2/NOT deadenylase com-
plex to Hsp83 mRNA, and thus to trigger Hsp83 tran-
script destabilization and degradation [12]. It is known
that mRNA destabilization mostly depends on mRNA
deadenylation in eukaryotes. Shortening of the mRNA
poly(A) tails, also called mRNA deadenylation mediated
by several deadenylases, is the first and rate-limiting step
in the mRNA degradation pathway [38]. In the absence of
Smaug, the poly(A) tail of Hsp83 mRNA are not rapidly
shortened, indicating that Smaug is essential for mater-
nal Hsp83 mRNA deadenylation and further presenting
evidence for a role of Smaug in triggering the maternal
degradation pathway. Moreover, reduction of CCR4
protein level in the early embryos causes the stabiliza-
tion of Hsp83 transcript, further suggesting a role for the
deadenylase in mRNA destabilization [12]. Subsequent
research demonstrates that mutation of a single amino
acid residue on Smaug recognition elements (SREs) can
stabilize the endogenous Hsp83 mRNA, which also indi-
rectly provide evidence for that Smaug directly binds
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to the Hsp83 mRNA and plays a key role in regulating
mRNA stabilization [37].

Actually, Smaug is essential to degrade a large number
of maternal mRNAs in the maternal degradation pathway
during early Drosophila development [39, 40]. Another
study of microarray-based gene expression profiling anal-
ysis shows that SREs are strongly enriched during Smaug-
dependent degradation, and these maternal mRNAs are
directly regulated by Smaug [4]. Therefore, Smaug is a
key regulator of maternal mRNA destabilization.

Regulation of mRNA translation repression

Translational regulation plays an important role in early
embryo development and involves RNA binding pro-
teins that interact with elements in the 3’-UTR of specific
mRNAs. Smaug, a conversed RNA binding protein, binds
to the 3’-UTR sequence of target mRNA to trigger tran-
script degradation and/or repress mRNA translation. As
a novel post-transcriptional regulator, it has been found
that Smaug has two identified direct target mRNAs,
Hsp83 and nanos. However, Smaug differentially regu-
lates these two maternal target mRNAs through bind-
ing to SREs, which further suggesting that Smaug plays
an important role in both mRNA destabilization and
translation repression. Specifically, Smaug destabilizes
and degrades Hsp83 transcript, but has no detectable
effect on Hsp83 translation [12, 37]. In contrast, Smaug
supresses nanos mRNA translation through binding two
SREs in the 3’-UTR of nanos mRNA, but has little effect
on nanos mRNA stability [1, 2, 6]. Therefore, Smaug is a
multifunctional post-transcriptional regulator that can
take different mechanisms to regulate maternal mRNA
stability and translation.

Except for direct binding to target mRNAs, Smaug
recruits various proteins to the target transcripts to
repress translation. For example, Smaug can indirectly
with eukaryotic initiation factors (elFs) to regulate
mRNA translation. Smaug recruits Cup, an elF4E-bind-
ing protein that blocks the association of eIlF4E with
elF4G, and Cup in turn interacts with eIF4E. Cup medi-
ates the indirect interaction between Smaug and elF4E,
and thus to inhibit the initiation of mRNA translation
[25]. In the study of Myotonic Dystrophy type 1 (DM1)
caused by expansion of untranslated CUG repeats,
Smaug is reported as a powerful candidate to modify
DM1 pathogenesis using a Drosophila DM1 model to
screen for genes that suppress CUG-induced toxicity.
Increased levels of smaug gene in Drosophila can pre-
vent muscle dysfunction caused by DM1 mutation. But
in human myoblasts, human SAMD4A genetically and
physically interacts with CUG triplet repeat RNA bind-
ing protein 1 (CUGBP1) and accumulates in cytoplas-
mic granules. Increasing levels of human SAMD4A
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can decrease the abnormal nuclear accumulation of
CUGBP1 with high steady-state levels in myoblasts from
DM1 patients, and also reduce the number of inactive
CUGBP1-elF2a translational complexes. It is suggested
that SAMD4A promotes the activity of CUGBP1-con-
taining translation complexes, and SAMD4A can restore
the mRNA translation of MORF-related gene on chro-
mosome 15 (MRG15), a target protein of the CUGBP1-
elF2a complex in DM1 myoblasts [26].

In addition, Smaug also directly recruits Argonatue 1
(Agol) to target mRNA and thereby repress unlocalized
nanos mRNA translation through binding two SREs in
the nanos 3’-UTR in a miRNA-independent manner [27].
Agol protein is typically recruited to target mRNA by
microRNA (miRNA) to form the Ago/miRNA complexes,
which can repress translation and or induce mRNA deg-
radation [41]. Smaug can physically interact with Agol
and Agol in turn interacts with nanos mRNA. In brief,
Smaug protein is necessary for the interaction between
Agol protein and nanos mRNA, but the nanos mRNA
translational repression does not require the guidance of
a targeting miRNA [27, 42].

Recent studies have demonstrated that murine
SAMD4A (Smaugl) is associated with the regulation of
skeleton development through translational repression of
Mig6 protein level. SAMD4A binds to the Mig6 mRNA
and suppress Mig6 protein synthesis. Decreased levels of
SAMDA4A have increased Mig6 protein expression [15].
However, murine SAMD4B (Smaug2) regulates neuro-
genesis by inhibiting nanosl mRNA translation. Knock-
down of SAMD4B increases Nanosl protein expression
and enhances neurogenesis, and the promoting effect
on neurogenesis mediated by SAMD4B depletion can
be rescued by preventing the increase of Nanos1 protein
expression. Thus, murine SAMD4B and Nanosl proteins
function as translational repression switch to regulate
neurogenesis [43]. Above these findings strongly clarify
the important and regulatory roles of SAMD4 protein
family members in the mRNA translation repression.

Regulation of transcriptional activity

In eukaryotes, transcription initiation is the key point of
gene expression regulation. Transcription factors con-
trol transcription initiation by binding to a specific DNA
sequence to activate or inhibit gene promoter activity
[44]. However, in the process of selective expression of
genes, the post-transcriptional regulation of genes should
not be ignored. It has been found that RNA binding pro-
teins play an essential role as a key regulatory factor in
the post-transcriptional regulation, which can participate
in each stage from mRNA synthesis to mRNA decay and
thereby regulate the activity of mRNA. RNA binding pro-
teins have different affinity and specificity for recognizing
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and binding target mRNA, and also have a crucial role in
all aspects of mRNA metabolism [45, 46].

Drosophila Smaug and yeast Vtslp have been defined
as multifunctional post-transcriptional regulators partly
through a common RNA recognition mechanism [3].
Human SAMD4 protein not only plays an important role
in the regulation of post-transcription, but also exhibit
the function of regulating the transcriptional activity.
One study reported that human SAMD4B is a potential
transcriptional repressor and inhibits transcriptional
activity [21]. SAMD4B protein is distributed in both the
nucleus and cytoplasm, and widely expressed in human
adult and embryonic tissues, which is a conserved RNA
binding protein during evolution. SAMDA4B overex-
pression inhibits the transcriptional activities of acti-
vator protein-1 (AP-1), p21 and p53, and the inhibitory
effects can be alleviated by SAMD4B knockdown with
small interfering RNA (siRNA). The SAM domain of
SAMD4B protein is the main structural region for its role
of transcriptional repression, and it is also revealed that
SAMD4B acts as a negative transcriptional regulator in
the AP-1-p53 signaling pathways [21, 47].

Formation of mRNA silencing foci (S-foci)

mRNA translational repression is associated with the
formation of mRNA silencing foci, such as Processing
Bodies (PBs) and Stress Granules (SGs). PBs and SGs are
the cytoplasmic RNA granules consisting of repressed
mRNAs and proteins, both of which are dynamic and
shuttle between the cytoplasm and nucleus. PBs contain
the factors related to mRNA degradation and are the
storage centers of mRNA, while SGs contain the factors
related to translation initiation and are the hubs of signal-
ing events during stress response. The assembly and dis-
assembly of PBs and SGs may play the important role in
the regulation of mRNA metabolism [48]. Thus, mRNA
silencing foci is a kind of macromolecular aggregates
containing silenced mRNAs and their associated pro-
teins, which can release the associated mRNAs and thus
to allow their translation according to the cellular needs
[49].

Recent studies have first identified a kind of neu-
ron-specific mRNA silencing foci, also named S-foci,
which contains a translational repressor of mammalian
Smaugl/SAMD4A and is significantly distinct from PBs,
SGs and other neuronal RNA granules [50]. Mammalian
Smaugl is expressed in the central nervous system and
abundant in the post-synaptic densities, and thus form-
ing post-synaptic mRNA silencing foci in mature hip-
pocampal neurons [51]. S-foci is not the consequence
of Smaugl binding to the repressed mRNAs, and it
can respond to synaptic activation. Upon the stimula-
tion of N-methyl-D-aspartic acid (NMDA) receptor, the
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S-foci can rapidly disassemble and release the repressed
mRNAs to initiate their translation and thereby enhance
local protein synthesis at the synapse. It is also indicated
that mRNA translation is tightly regulated by synaptic
stimulation [50, 52]. Conversely, the aggregation of S-foci
is also related to whether the contained polyadenylated
mRNAs are released from polysomes, suggesting that
repressed mRNAs cycle between S-foci and polysomes
[32, 52]. Moreover, mammalian Smaugl is expressed
in the process of synaptogenesis, and Smaugl deletion
affects the number and size of synapses, which indicat-
ing that Smaugl regulates local protein translation and
affects synapse formation and stability [50, 53]. These
findings reveal a role for mammalian Smaugl in the RNA
granule formation and translational regulation of SRE-
containing mRNAs in neurons.

Inhibition of virus replication

In addition to the multifunctional regulatory roles in
the post-transcription and translation repression, recent
studies have reported that human SAMD4 protein fam-
ily members also have the function of suppressing hepati-
tis B virus (HBV) replication [16]. Specifically, SAMD4A
gene acts as an interferon-stimulated gene (ISG) to
inhibit HBV replication and exerts the antiviral effect.
Interferon-a (IFN-«) is widely used in the treatment of
patients with HBV infection, which is also one of the
few drugs approved for clinical treatment of HBV. When
patients are infected with hepatitis virus, the expres-
sion of ISGs is highly induced in the liver to inhibit the
virus replication and thus play the antiviral role [54-56].
It is worth noting that SAMD4B, a homolog of human
SAMD4A, can also inhibit HBV replication, but it is
not an ISG [16]. Mechanically, the SAM domain of the
SAMD4A specifically binds to the conserved SRE-like
site in HBV RNA to trigger its degradation and thereby
inhibiting HBV replication. In vitro and in vivo experi-
ments showed that both SAMD4A and SAMD4B inhib-
ited HBV replication. In addition, overexpression of
SAMD4 in HBV-carrying transgenic mice decreased
virus titer, whereas knocking out the Samd4 gene in
hepatocytes increased the HBV replication level in mice
[16]. It is suggested that SAMD4A and SAMD4B expres-
sion levels are negatively correlated with HBV titers in
human hepatitis patients.

It has also been pointed out that the antiviral func-
tion of SAMD4 family members is not limited to HBV,
maybe SAMD4A has an inhibitory effect on all viruses
with mRNA containing the SRE stem loop structure.
SAMD4A can recognize and degrade HBV RNA con-
taining the SRE stem loop in the 3/-UTR, which provid-
ing the important information for use in IFN therapy of
hepatitis B [57, 58].
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Formation of membrane-less organelles (MLOs)

Latest studies have shown that Smaugl can participate
in the formation of cytosolic membrane-less organelles
(MLOs), also termed as Smaugl bodies, and regulate
mitochondrial function by responding to AMPK and
mTOR signals [59]. Succinate dehydrogenase subu-
nit B (SDHB) and ubiquinol-cytochrome ¢ reductase
core protein (UQCRC1) mRNAs that encode the mito-
chondrial enzymes associate with mammalian Smaugl
MLOs. Smaugl (SAMD4A) and Smaug2 (SAMD4B)
knockdown impairs mitochondrial respiration and dis-
rupts mitochondrial network. Smaugl MLO dynam-
ics may be affected by mitochondrial activity. Inhibition
of mitochondrial complex I by rotenone and inhibition
of mTOR by rapamycin, as well as activation of AMPK
by metformin induce Smaugl MLO dissolution and
mRNA release. In addition, treatment with Compound
C, a known AMPK inhibitor, can block the dissolu-
tion of Smaugl MLO. Smaugl MLO dissolution leads
to the translation of SDHB and UQCRCI mRNAs inv-
loved in the regulation of mitochondrial function. How-
ever, the defective Smaugl MLO condensation affects
the mitochondria funtion. These observations indicate
that Smaugl MLOs respond to AMPK-mTOR balance
and affect mitochondrial mRNA release and translation,
thus regulating mitochondrial function [59]. It is widely
known that the normal funtion of mitochondria is very
essential for energy metabolism and cellular functions.
Mitochondrial defects also can lead to some diseases,
such as cancers, diabets, and several neurological dis-
eases and muscular dystrophies [60, 61]. Therefore, the
loss of SAMD4 protein not only leads to the abnormal
energy metabolism, but also causes the mitochondrial
functional defects.

SAMD4 and related diseases

In recent years, many studies have shown that SAMD4
protein family is closely related to human diseases.
SAMD4 family members can participate in the regulation
of the occurrence and development of a variety of dis-
eases, such as myopathy, bone development, neurologi-
cal diseases and some types of cancers. For instance, it is
found that SAMD4 is highly expressed in ovarian cancer
and SAMD4B is also highly expressed in colorectal can-
cer, while SAMDA4A is low expressed in breast cancer
and SAMD4A is also correlated to the development of
oral cancer. In addition, SAMD4 family members are also
closely associated with brain aging, obesity, and acute
myeloid leukemia. Therefore, it is of great significance
to reveal the relationships and regulatory mechanisms
between SAMD4 family members and diseases for the
prevention and treatment of these diseases.
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SAMD4 and myopathy

There are many types of myopathies, such as congeni-
tal myopathy, metabolic myopathy, acquired inflamma-
tory myopathy and toxic myopathy. Myopathy can lead
to muscle weakness but does not cause muscle loss of
sensation. One of the main reasons of myopathy is that
the coupling between excitation and contraction of skel-
etal muscle is disrupted [62]. One study has shown that
in the expansion of untranslated CUG repeat expansion
triggered myopathy, Smaug can suppress CUG-induced
toxicity and increased levels of Smaug prevent muscle
wasting and dysfunction. Meanwhile, increased levels
of human SAMD4A in myoblasts from DM1 patients
restores the translation activity of CUGBPI, and thus
inhibiting CUG-induced myopathy through physically
interacting with CUGBP1. Conversely, decreased levels
of SAMDA4A aggravates the myopathy phenotype induced
by CUG and restores muscle function [26]. Another sub-
sequent study has found that a missense mutation of
mouse Samd4 gene results in leanness, myopathy and
uncoupled mitochondrial respiration in homozygous
mice. These metabolic defects are associated with dys-
regulated mTORC1 signaling. SAMD4 may combine
with mTORCI1 signaling through interaction with 14-3-3
proteins and phosphorylation by Akt [11]. These studies
reveal the relationships between SAMD4 and myopathy,
but the specific molecular mechanism remains to be fur-
ther studied.

SAMD4 and bone development

Bone development occurs through a series of synchro-
nous events that cause the formation of the body scaffold.
The repair ability of bone and its surrounding microen-
vironment can restore the tissue and maintain its func-
tional homeostasis [63]. A recent study has shown RNA
binding protein mouse SAMDA4 is a novel key regulator of
bone development and osteoblastogenesis through trans-
lational inhibition of Mig6 protein expression. SAMD4
depletion leads to developmental defects in mice such
as delayed bone development and reduced osteogenesis.
Mechanism research reveals that SAMD4 binds to the
Mig6 mRNA and inhibits the translation of Mig6 pro-
tein. Moreover, it is observed that in SAMD4-deficient
cells, the expression level of Mig6 protein is increased
and depletion of Migb6 rescues the impaired osteogenesis,
as well as chondrocyte defects are also observed. These
observations suggest that control of protein translation
may be an important mechanism for regulating osteo-
blast formation and bone development [15]. In addition,
it was also found that osteoblast differentiation was posi-
tively correlated to the phosphorylation level of SAMD4
protein [64]. These findings are of great significance for
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bone development and the treatment of metabolic bone
diseases.

SAMD4 and neural development

During the development of the mammalian nervous sys-
tem, neural stem cells first generate neurons and then
glial cells, thus allowing the initial establishment of neu-
ral circuits [65]. The strength of connections between
neurons controls the brain’s ability to store and process
information. Synapses are the important structural basis
of neuronal connections. Local translation at the synapse
is very critical for synaptic plasticity, and deregulation
of local translation affect synapse formation and func-
tion, thereby causing the neurological disorders [66].
Studies have found that mammalian Smaugl/SAMD4A
forms granules in mature hippocampal neurons (termed
as S-foci) and participates in the regulation of synap-
tic plasticity. Knockdown of Smaugl has an influence
on the number and size of synapses. S-foci can control
local translation and affect synaptic plasticity [50]. Mouse
Smaugl protein is expressed in the central nervous sys-
tem and mainly accumulates in the post-synaptic densi-
ties (PSD), which play a role in RNA granule formation
and translation regulation in neurons [32, 51]. Another
study demonstrated that mouse Smaug2 and Nanosl
are critical regulators of murine developmental neuro-
genesis. Mouse Smaug2 protein/nanos] mRNA complex
is also present in cytoplasmic granules in the embry-
onic neural precursors. The results showed that Smaug2
inhibits neurogenesis and Nanosl promotes neurogen-
esis. Knockdown of Smaug2 enhances neurogenesis and
increases the Nanos1 protein while Nanosl knockdown
inhibits neurogenesis, suggesting that Smaug2 regulates
neurogenesis by silencing nanosl mRNA. Therefore,
Smaug? and Nanosl play the critical function of regulat-
ing neurogenesis as a bimodal translational repression
switch [43]. These findings support that RNA binding
protein SAMD4 family is closely associated with mam-
malian neuronal development.

SAMD4 and cancer

SAMD4 protein family is not only involved in several
physiological processes, but also associated with can-
cer occurrence and development. Recent studies have
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indicated that SAMD4A and SAMD4B expressions are
significantly changed in some types of cancers and asso-
ciated with cancer progression (Table 1).

SAMDA4 and ovarian cancer

Topotecan (TOP) is a chemotherapeutic drug commonly
used in the clinical treatment of ovarian cancer. TOP
can act as a non-competitive inhibitor that binds to the
enzyme-substrate complex to inhibit the replication and
transcription of DNA, and eventually leads to the death
of ovarian cancer cells [67]. However, ovarian cancer cells
easily develop drug resistance to TOP chemotherapy. In
topotecan-resistant ovarian cancer cell lines, it is first
observed that SAMD4 gene is overexpressed, and this is
also the first report of SAMD4 gene in drug resistance of
ovarian cancer cells [68, 69]. The discovery provides evi-
dence for that SAMD4 gene is related to the development
of resistance to drugs that are used in chemotherapy of
ovarian cancer.

SAMD4 and colorectal cancer

Colorectal cancer occurrence is mainly caused by the
genetic and epigenetic changes of colon epithelial cells, as
well as the activation of oncogenes and the inactivation
of tumor suppressor genes [70, 71]. The latest research
work demonstrates that miR-451 suppresses the malig-
nant characteristics of colorectal cancer cells through
targeting SAMD4B [72]. MicroRNAs (miRNAs) are a
class of regulatory RNAs composed of about 22 nucleo-
tides, which can mediate post-transcriptional inhibi-
tion by binding to the 3’-UTR of the targeted mRNA,
and thereby regulating gene expression [73]. SAMDA4B
has been identified as a direct target of miR-451. Dual
luciferase reporter assay validated that miR-451 could
specifically bind to the 3-UTR of SAMD4B mRNA to
down-regulate the expression of SAMD4B, thus inhibit-
ing proliferation and promoting apoptosis of colorectal
cancer cells. Conversely, overexpression of SAMDA4B
attenuated miR-451-induced apoptosis and promoted
colorectal cancer progression [72]. This study suggests
that miR-451/SAMD4B axis may serve as a new thera-
peutic target for the treatment of patients with colorectal
cancer.

Table 1 Expressions, functions and related factors of SAMD4 family in cancer

Cancer type SAMD4 members Expression Functions Related Refs
factors

Ovarian cancer SAMD4 T Drug resistance — [68, 69]

Colorectal cancer SAMDA4B ) Proliferation, Migration miR-451 [72]

Breast cancer SAMD4A ' Tumor angiogenesis CXCL5, ENG, IL13, ANGPT1 [20]

Oral cancer SAMD4A - — — [78]
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SAMD4 and breast cancer

Breast cancer is one of the most common cancers in
women, and the incidence rate and mortality of breast
cancer patients in the world are also rising at present.
Therefore, searching for the effective targets is of great
significance for the diagnosis and treatment of breast
cancer [74]. Tumor angiogenesis is very important to
facilitate tumor progression, and controlling the expres-
sion of angiogenesis-related factors may help to control
the tumor angiogenesis [75]. Recent studies have found
that human SAMD4A acts as a novel breast cancer
angiogenesis inhibitor [20]. Specifically, the expression
of SAMD4A is significantly reduced in human breast
cancer tissues, and the low expression is associated
with the poor survival of breast cancer patients. Mecha-
nistically, it is found that overexpression of SAMD4A
in breast cancer cells downregulates the expression of
proangiogenic genes including CXCLS, ENG, IL1 and
ANGPTI, and destabilizes the proangiogenic mRNAs
by the SAM domain of SAMD4A directly binding to the
conserved stem-loop structure in the 3’-UTR of these
mRNAs, which leads to inhibition of breast tumor angio-
negesis and progression. On the contrary, knockdown of
SAMD4A increases the mRNA stability of these proan-
giogenic genes and promotes breast tumor angiogen-
esis and progression [20]. Collectively, these observations
suggest that SAMD4A may be a novel breast tumor sup-
pressor and a promising antiangiogenic target for breast
cancer therapy.

SAMD4 and oral cancer
Oral cancer is one of the most common malignancies in
the world, which is also a complex disease affected by the
interaction of genetic and environmental factors. Alcohol
and smoked tobacco are the two key risk factors lead-
ing to oral cancer [76, 77]. The researchers performed
the single nucleotide polymorphism (SNP) analysis of
rs1957358 in SAMDA4A of 500 patients with oral cancer
in India, and found that wild-type thymine (T) muta-
tion to cytosine (C) significantly reduced the risk of oral
cancer, such as rs1957358 TT mutation to rs1957358
TC, whereas rs1957358 TT reflected the increased risk
[78]. This finding identifies SNPs with susceptibility to
oral cancer in high risk populations and makes it possi-
ble to screen patients susceptible to oral cancer by SNP
analysis.

“4” high expression; “]” low expression; “—” no rele-
vant research.

SAMD4 and other diseases
In addition to the related diseases mentioned above,
SAMD4 family members also play important roles in
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brain ageing, obesity and acute myeloid leukemia. In the
study of brain ageing in mice, it was found that polygo-
natum sibiricum polysaccharide (PSP) could improve the
cognitive function during brain ageing and delay brain
ageing through regulating the mRNA level of SAMD4,
which was closely associated with synaptic activity [14].
Studies in a model of diet-induced obesity showed that
the expression of the SAMD4B and GATA6 was signifi-
cantly increased during the differentiation of stromal vas-
cular cells into mature adipocytes, which suggesting that
paternal high fat diet is associated with upregulation of
SAMDA4B and GATAG6 genes [79]. Another study on the
whole-genome sequencing analysis of patients with acute
myeloid leukemia revealed the recurrent mutations in
SAMDA4B gene [80].

In summary, SAMD4 protein family members are
closely related to the occurrence and development of
a variety of diseases, but the specific molecular mecha-
nisms still need to be further investigeted in the future.

Molecular mechanisms of action of SAMD4

The biological functions of SAMDA4 protein family mem-
bers require the combined assistance of multiple factors
and multiple pathways to regulate the downstream target
mRNAs, which can affect the cellular biological functions
through regulating transcription and translation (Fig. 5).
For instance, SAMD4A can form circSAMD4A by back-
splicing, which regulates the activities of downstream
target mRNAs through sponging various miRNAs, and
thus promoting or inhibiting the target protein expres-
sion. In addition, SAMDA4B is involved in the regulation
of p53 signaling pathway. Overexpression of SAMD4B
inhibits AP-1, p53 and p2l-mediated transcriptional
activities, and regulates cell cycle progression and cell
apoptosis.

Action factors associated with SAMD4

Accumulating studies have shown that SAMD4 fam-
ily members can interact with a variety of factors to play
the important biological roles by regulating the down-
stream signaling pathways or affecting the expression of
target genes. SAMDA4 directly interacts with Akt, and is
phosphorylated by Akt, thereby affecting mTORC1 sign-
aling and playing an important role in metabolic regula-
tion in conjunction with mTORCI [11]. mTORCI plays
a key role in regulating cell growth and metabolic func-
tions, which can build important molecular connections
between nutritional signals and metabolic processes nec-
essary for cell growth. The dysregulation of mTORC1
signaling can lead to a variety of human diseases, such
as obesity, diabetes, ageing, neurodegeneration and can-
cer [81-84]. Therefore, it provides evidence for that
SAMD#4 is necessary for mTORCI1 signaling. After being
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(circRNA) of SAMD4A gene is linked to the transcrip-
tional silencing of the linear mRNA and the hosted cir-
cRNA [13]. In general, aberrant methylation in DNA
promoter is a very common epigenetic phenomenon in
the development of human cancers. Importantly, aber-
rant methylation of CpG island in DNA promoter is
closely related to gene expression regulation [85]. High
methylation of DNA promoter can lead to the transcrip-
tional silencing and the inactivation of tumor suppressor
genes, which plays a crucial role in tumorigenesis [86].
These findings provide evidence that cancer-specific pro-
moter CpG island hypermethylation silences both the
linear and the circular RNAs, which also supporting a
role for circRNA hypermethylation-associated epigenetic
loss in human cancers (Fig. 5B).

Many studies have demonstrated that SAMD4 family
members can interact with various factors to regulate tar-
get mRNA degradation or protein translation (Fig. 5 C).
For example, Drosophila Smaug physically interacts
with CCR4/POP2/NOT deadenylase complex in a SRE-
independent manner and recruits it to Hsp83 mRNA to
trigger Hsp83 transcript deadenylation and degradation,
but does not repress Hsp83 translation [12]. In contrast,
Smaug represses nanos mRNA translation through bind-
ing conversed stem-loop structures known as Smaug rec-
ognition elements (SREs) in the 3’-UTR of nanos mRNA,
but does not affect nanos mRNA stability [1, 6]. Besides,
SAMD4 binds to the SREs in the 3’-UTR of target tran-
scripts for mRNA destabilization and translational
repression, such as translational inhibition of Mig6,
CXCL5, ENG, IL1p and ANGPT1 expression [15, 87].
Meanwhile, SAMD4 family members can recruit various
proteins to the target mRNA for translational repressor
and/or transcript degradation. For example, Drosophila
Smaug can directly interact with elF4E binding protein
CUP and CUP mediates the indirect interaction between
Smaug and eIF4E, thereby repressing translation [25].
Smaug can also recruit CUGBP1 to MRG15 mRNA [26],
Agol to nanos mRNA [27], and G protein-coupled recep-
tor Smoothened (SMO) [23], thereby repressing transla-
tion and affecting the cellular physiological activities.

It is worth noting that the transcriptional activity and
the expression level of SAMD4 proteins are also regu-
lated by other cellular signalings and biomolecules. For
example, Drosophila Smaug physically interacts with
SMO protein and SMO activation by Hedgehog signal-
ing (HH) causes Smaug phosphorylation. Thus, HH/
SMO signaling can both reduce Smaug protein levels and
downregulate the repressive activity of smaug transcript
[23]. In addition, transcriptomic analysis investigates
that Polygonatum sibiricum polysaccharide (PSP) treat-
ment can regulate the expression level of SAMD4 mRNA
[14]. More interestingly, miR-451 can downregulate the
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expression of SAMD4B both at mRNA and protein levels
[72].

SAMDA4A splicing to form circSAMD4A

Circular RNAs (circRNAs) are another new research
topic emerging in the field of RNA biology in recent
years. CircRNAs are single-stranded, covalently closed
endogenous biomolecules and produced by precursor
mRNA back-splicing of exons or introns of many genes
in eukaryotes, which are generally expressed at low levels
and usually show cell type-, tissue-, and developmental
stage-specific expression [88, 89]. Actually, circRNAs are
a new type of non-coding RNAs (ncRNAs) and are signif-
icantly different from traditional linear RNA molecules
without 5’-3” polarities or a poly-adenylated tail, so circR-
NAs are generally stable and resistant to the digestion of
exonuclease [90]. More recently, emerging evidence has
indicated that circRNAs can act as microRNA (miRNA)
sponges, post-transcriptional regulators of gene expres-
sion, and can interact with RNA binding proteins [91,
92]. Moreover, circRNAs contain many miRNA response
elements that can allow them specifically bind to multi-
ple miRNAs like sponge, which results in the downregu-
lation of the functional miRNAs and the upregulation
of target miRNAs [93, 94]. Importantly, circRNAs have
been reported to play crucial roles in the physiological
and pathological life processes, and are believed to be
the potential diagnostic biomarkers for numerous human
diseases, including neurological diseases, cardiovascular
diseases, degenerative diseases, lipid disorder diseases
and various types of cancers [95-98].

RNA binding proteins are necessary for circRNA bio-
genesis. SAMD4 is a new class of conserved RNA bind-
ing protein that acts as a post-transcriptional regulator
and translational repressor [2, 3]. Recent studies have
discovered that SAMD4A gene can form circSAMD4A
through back-splicing, and then regulate the activities
of SAMD4A gene, which is located in chr14:55168779—
55,169,298 with the length of 519bp [99, 100]. Current
studies mainly focus on the interaction between circ-
SAMDA4A and various miRNAs and its relationship with
diseases (Fig. 6). For instance, CircSAMDA4A is highly
expressed in osteosarcoma (OS) tissues and promotes
cell proliferation and enhances cell stemness charac-
teristics by sponging miR-1244 and regulating MDM?2
expression in OS, which suggests that circSAMDA4A/
miR-1244/MDM2 axis may be a promising therapeu-
tic target for OS therapy [99]. Subsequent study showed
that circSAMD4A also regulates cell cytotoxicity, migra-
tion, invasion, apoptosis and epithelial-to-mesenchymal
transition (EMT) through sponging miR-342-3p via the
regulation of FDZ7 expression in OS [100]. Another
study also demonstrated that circSAMD4A enhances cell
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doxorubicin (DOX) resistance in OS by regulating the
miR-218-5p/KLEF8 axis, further suggesting a novel thera-
peutic target for resisitant OS treatment [101]. In addi-
tion, circSAMD4A regulates preadipocyte differentiation
through sponging miR-138-5p, and thus upregulating
EZH2 expression. These results demonstrate that circ-
SAMDA4A controls adipogenesis in obesity via the miR-
138-5p/EZH2 axis, and circSAMDA4A is associated with
obesity and may serve as a potential target for obesity
therapy [98, 102]. It is also found that circSAMD4A can

sponge miR-138-5p to promote Hypoxia/Reoxygenation
(H/R)-induced cardiomyocyte apoptosis and inflamma-
tory response through regulating the expression of Bcl-2/
Bax [103]. In Parkinson’s (PD) disease, circSAMDA4A is
proved to be involved in the regulation of apoptosis and
autophagy of dopaminergic neurons through sponging
miR-29¢-3p and modulating the AMPK/mTOR signal-
ing pathway [104]. In addition, recent research also have
shown that the expression level of circSAMD4 is sig-
nificantly increased in the differentiated myoblasts, and
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depletion of the highly expressed circSAMD4 can delay
myogenic progression and affect muscle differentiation,
which suggests that circSAMDA4 plays an important role
in promoting myogenesis as a cytosolic RNA. It is fur-
ther confirmed that circSAMD4 interacts with myogenic
purine-rich binding proteins (PUR) and represses the
association of PUR proteins with myosin heavy chain
(Mhc) promoter sequences, indicating that the interac-
tion between circSAMD4 and PUR proteins promotes
myogenesis through derepression of MHC transcription
[105]. More interestingly, circSAMDA4A is reported to be
associated with vascular calcification (VC). Knockdown
of circSAMD4A can promote VC, whereas overexpres-
sion of circSAMDA4A reduces VC. Collectively, these data
show that circSAMDA4A plays an anti-calcification role
through acting as a miRNA sponge [106]. Another study
further confirms that circSAMDA4A is a novel biomarker
for the diagnosis of VC [107].

In addition to acting as miRNA sponges, the latest
research has identified the mitochondria-localized circ-
SAMD4 as an important regulator of mitochondrial
oxidative stress in cardiomyocyte (CM). Specifically, circ-
SAMD4 overexpression can reduce mitochondrial oxi-
dative stress and oxidative DNA damage. Additionally,
circSAMD4 overexpression can induce CM prolifera-
tion and prevent CM apoptosis, and thereby improving
cardiac function after myocardial infarction (MI) [108].
Reactive oxygen species (ROS) in adult CMs are mainly
generated by mitochondria, and mitochondria-localized
circRNAs play a cruial role in regulating mitochon-
dria function and dynamics [109, 110]. CircSAMD4 can
regulate mitochondrial ROS production and maintain
mitochondrial dynamics by inducing the mitochondrial
translocation of the Vcp protein and thereby downregu-
lating Vdacl expression and controlling mitochondrial
membrane potential. These findings suggest that circ-
SAMD4 may act as a novel therapeutic target for promot-
ing cardiac regeneration repair and improving cardiac
function after MI [108].

Signaling pathway regulated by SAMD4B

SAMD4 family members are involved in the regulation
of some signaling pathways. At present, the p53 pathway
regulated by SAMD4B is clearly studied. The components
of p53 pathway are very complex including hundreds of
genes and their products, which can respond to many
stress signals, regulate the expression of downstream
genes, communicate with other signal transduction path-
ways, and thus affect various cell life processes [47, 111].
Studies have shown that overexpression of SAMD4B in
mammalian cells inhibits the transcriptional activities of
AP-1, p53 and p21, and the effects of transcriptional sup-
pression can be relieved by SAMD4B knockdown with
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siRNA [21]. p53 is a transcriptional activator that can
regulate gene expression in p53 signaling pathway [112].
In the p53 pathway, AP-1 is one of the most important
upstream mediators of the p53, which participates in
cell proliferation, apoptosis, transformation and differ-
entiation [113]. p21, a downstream component of p53,
is a widely recognized tumor suppressor and plays an
important role in regulating cell cycle progression as a
CDK inhibitor [114, 115]. Therefore, SAMD4B may be a
component of the p53 pathway and play a regulatory role
in p53 pathway, and thus regulating cell proliferation, cell
cycle and apoptosis (Fig. 7).

Future perspectives

In this review, we briefly summarize the recent pro-
gress in the biological functions and molecular mecha-
nisms of SAMD4 family members. SAMD4 proteins
are evolutionarily conserved RNA binding proteins and
widely expressed in different tissues. To date, SAMD4
family members from different species have attracted a
lot of attention from researchers, and gradually become
the most important proteins of SAM protein family.
The existing studies have revealed that SAMD4 family
members play crucial roles in the biological processes
through regulating mRNA stability and mRNA degra-
dation, inhibiting transcriptional activity and mRNA
translation, participating in the formation of mRNA
silencing foci and membrane-less organelles, as well as
suppressing virus replication. In addition, SAMD4 fam-
ily members can interact with multiple factors to regu-
late various physiological and pathological processes in
different types of cells. Strikingly, recent studies have
also proved that SAMD4 family members are closely
related to the occurrence and development of many
human diseases, which may contribute to the diagnosis

% proliferation

AP-1
| T %% apoptosis

\

SAVDID —— (P58 —> DM
|
|

,,\I{,,,V
<p,21> — rM 9 cell cycle
G2

gene expression

Fig. 7 SAMD4B affects the biological functions of cells by regulating
p53 signaling pathway. SAMD4B can inhibit the transcriptional
activities of AP-1, p53 and p21, thereby promoting cell proliferation
and inhibiting cell apoptosis and cell cycle transition, as well as
regulating the expression of downstream genes
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and clinical treatment of these diseases. These findings
greatly expand our knowledge of the biological func-
tions of SAMDA4 family members.

Although there are many functional and mechani-
cal studies about SAMD4 protein family members, their
molecular regulatory mechanisms have not been fully
clarified, and it still faces great challenges. Currently,
most of the studies have focused on the Drosophila
Smaug and mouse SAMD4 animal models, and there are
relatively little studies on human SAMD4 proteins, espe-
cially the lack of biological functional studies on human
SAMDA4B protein. Secondly, several studies have reported
the relationships between SAMD4 family members and
some diseases, but the specific molecular mechanism
of regulating diseases needs to be further confirmed.
Moreover, current studies have identified some proteins
that interacts with SAMD4 family members to partici-
pate in the regulation of diseases, whether SAMDA4 inter-
acts with other new proteins and plays new functions
remain to be further explored. In addition, there are few
studies on the signaling pathways regulated by SAMD4
family members, and whether they are also involved in
other signaling pathways remains to be investigated. Col-
lectively, there are still many functional and mechanical
studies need to be further clarified. SAMD4 family mem-
bers are favorable potential biomarkers and promising
therapeutic targets for some diseases in the future.
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