
3966  |     J Cell Mol Med. 2023;27:3966–3973.wileyonlinelibrary.com/journal/jcmm

1  |  INTRODUC TION

In recent years, researchers using RNA sequencing (RNA- seq) tech-
nologies revealed that approximately 98% of human genome tran-
scribed do not translate to any proteins, and these transcripts are 
categorized as non- coding RNAs (ncRNAs).1,2 A subclass of ncRNAs 
that have over ~200 nt in length is classified as long non- coding RNAs 
(lncRNAs).3,4 According to NONCODEV5 dataset in the human ge-
nome over 100,000 lncRNA exist.5 Numerous studies have shown 
that lncRNAs regulate many cellular processes, including prolifera-
tion, differentiation, cell cycle, apoptosis, drug resistance, epigenetic 

modifications, RNA/protein stability, transcription, translation and 
post- transcriptional modifications.6– 8 LncRNA Survival Associated 
Mitochondrial Melanoma Specific Oncogenic Non- coding RNA 
(SAMMSON), also known as LINC01212, has been identified by 
Leucci and colleagues.9 SAMMSON is located on the 3p13 chro-
mosome and exists 4 exons and 28 transcripts that are produced 
through alternative splicing (https://asia.ensem bl.org/Homo_sapie 
ns/Gene/Splic e?db=core;g=ENSG0 00002 40405;r=3:69999 
550- 70518064). Upregulation of SAMMSON was observed in 
several cancers, including melanoma,10 breast cancer,11 glioblas-
toma12 and liver cancer13; also, SAMMSON played a critical role 
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Abstract
LncRNA Survival Associated Mitochondrial Melanoma Specific Oncogenic Non- 
coding RNA (SAMMSON) is located on human chromosome 3p13, and its expression 
is upregulated in several tumours, including melanoma, breast cancer, glioblastoma 
and liver cancer and has an oncogenic role in malignancy disorders. It has been re-
ported that SAMMSON impacts metabolic regulation, cell proliferation, apoptosis, 
EMT, drug resistance, invasion and migration. Also, SAMMSON is involved in regu-
lating several pathways such as Wnt, MAPK, PI3K, Akt, ERK and p53. SAMMSON is 
considered a potential diagnostic and prognostic biomarker in several types of can-
cer and a suitable therapeutic target. In addition, the highly expressed SAMMSON is 
closely associated with clinicopathological features of various cancers. SAMMSON 
has a significant role in regulating epigenetic processes by regulating histone protein 
or the status of DNA methylation. Herein for the first time, we comprehensively sum-
marized the currently available SAMMSON, molecular regulatory pathways, and clini-
cal significance. We believe that clarifying all the molecular aspects of this lncRNA can 
be a good guide for cancer studies in the future.
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in intracranial aneurysms.14 Past studies reveal that approximately 
10% of melanoma patients involved focal amplifications of chromo-
some 3p13– 3p14. Several oncogenes such as melanocyte inducing 
transcription factor (MITF) and SAMMSON exist in this amplicon 
that has a pivotal function in melanoma genesis. MITF resided ap-
proximately ~30 kb upstream of SAMMSON and has consistently co- 
gained with SAMMSON. However, the transcription factor SOX10 
targets SAMMSON. SOX10 is a melanoblast/melanoma- specific 
transcription factor with a binding site upstream of SAMMSON, and 
its silencing decreases SAMMSON expression.9,10 This literature re-
view, for the first time, comprehensively summarizes the research 
progress of SAMMSON, molecular regulatory pathways, and clini-
cal significance. This will help to clarify SAMMSON crucial role and 
offer guidance for SAMMSON studies in the future.

2  |  SAMMSON AND TUMORIGENESIS

Previous studies have shown that the expression level of SAMMSON 
was upregulated in several malignancies. The overexpression of 
SAMMSON can promote tumour progression by increasing cell 
proliferation, invasion, migration, epithelial- mesenchymal transi-
tion (EMT), chemoresistance, and apoptosis suppression. Also, 
SAMMSON plays a crucial role in tumour growth by affecting differ-
ent aspects of mitochondrial metabolism. Past studies reported that 
SAMMSON affects on different signalling pathways such as Wnt, 
MAPK, PI3K, Akt, ERK and p53 and alters cancerous cells behaviour. 
In the following, the role of SAMMSON in various cancers is exam-
ined in more detail.

2.1  |  SAMMSON effects on different 
aspects of melanoma

Several studies have shown that SAMMSON expression is increased 
in tissue and cancerous cells of melanoma.9,10,15– 17 According to 
the literature, p32 expression is elevated in tumours. Similarly, p32 
plays a crucial role in developing mitochondrial 16S rRNA and is in-
volved in mitochondrial metabolism through modulation of its pro-
tein synthesis. On the contrary, p32 is responsible for maintaining 
mitochondrial integrity and homeostasis.18– 21 Melanoma cells were 
significantly less clonogenic, resistant to MAPK inhibitors and in-
vasive after SAMMSON silencing. SAMMSON can localize into the 
cytoplasm with a fraction co- localising with 16 s rRNA. SAMMSON, 
through interaction with p32 can enhance the localisation of mito-
chondrial and its function. After the silencing of SAMMSON, the 
membrane potential of mitochondrial remarkably reduced. Taken 
together, silencing of SAMMSON decreases melanoma survival, 
and it is clear that SAMMSON exerts this function by modulating 
SAMMSON/p32/ mitochondrial axis (Figure 1; Table 1).9 Rapidly ac-
celerated fibrosarcoma (RAF) proteins are a family of Ser/Thr kinases 
and have three members known as CRAF, BRAF and ARAF that can 
activate the MAP kinase/ERK- signalling pathway. BRAF mutations 

are common in malignant melanomas.28– 30 Han et al. reported that 
upon ERK pathway inhibition, the expression of SAMMSON remark-
ably increased. According to their findings, BRAF inhibitor vemu-
rafenib resistance is augmented by SAMMSON overexpression. 
Also, SAMMSON can increase p53 degradation by interaction with 
CARF. On the contrary, after silencing, the SAMMSON's, p53 path-
way is activated via inhibition of its proteasomal degradation. Also, 
after the depletion of SAMMSON, the sensitivity of mutant BRAF 
melanoma cells to vemurafenib increased, and the rate of apoptosis 
cells via induction of cleavage of caspase- 3 and caspase- 9 was pro-
moted. SAMMSON via, modulating CARF- p53 signalling axis, plays a 
pivotal role in adaptive resistance to BRAF inhibitors.10 In uveal mel-
anoma (UM) (the most common eye tumour in adults), the expres-
sion level of SAMMSON was upregulated in tissues and cancer cell 
lines. Shanna et al. showed that inhibition of SAMMSON suppressed 
cell growth and viability but induced cell apoptosis. The silencing 
of SAMMSON has effects on the process of protein synthesis and 
the function of mitochondria. SAMMSON exerts this function via 
interaction with p32, MRPL13 and XRN2. Mitochondrial respiration 
and mitochondrial capacity were decreased upon the knockdown of 
SAMMSON. Additionally, the inhibition of SAMMSON in through 
the inhibitor of MEK kinase (trametinib) results in a reduction in the 
number of viable cells and the growth of tumours.15,16 Yang et al. 
reported that upon silencing of SAMMSON, cell proliferation, inva-
sion, and migration were inhibited. However, after SAMMSON si-
lencing, FOXA2 expression increased while methylated histone H3 
(H3K27me3) and enhancer of zeste homologue 2 (EZH2) expression 
decreased. They also reveal that ectopic expression of FOXA2 re-
markably reduces cell proliferation, invasion, migration and tumour 
growth in melanoma cells. It can be concluded that SAMMSON, by 
modulating EZH2/H3K27me3 axis, regulates FOXA2 expression. 
Subsequently, FOXA2 impacts different aspects of phenotype ma-
lignancy in melanoma.17 Malignant cancerous cells for providing 
metabolic demand are seriously dependent on protein synthesis. 
Roberto et al. reported that SAMMSON elevated rRNA matura-
tion and protein synthesis in melanoma cancer cells. It exerts this 
function via modulation of the localisation of CARF. Both proteins 
XRNA2 and CARF have a critical role in the biogenesis of cellular 
ribosomes. In a normal state (without SAMMSON) CARF via inter-
action with XRNA2 form a complex in the nucleoplasm, but in the 
presence of SAMMSON (in melanoma cells) the interaction between 
CARF and p32 was facilitated, which led to disrupted interaction be-
tween CARF and XRNA2. Next, XRNA2 increases rRNA processing; 
conversely, CARF/p32 increases mitochondrial- rRNA processing. It 
can be concluded that SAMMSON increases the cell growth of mela-
noma cells by promoting protein synthesis.22

2.2  |  Breast cancer

Charlotte et al. reported that SAMMSON is involved in doxorubicin 
resistance in MCFdox (doxorubicin- resistant) cell line (Figure 2). 
They reported that the expression levels of SAMMSON significantly 
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were upregulated in MCFdox compared to the MCF- 7 cell line. Si-
lencing of SAMMSON inhibits glucose consumption (decrease in 
the lactate/glucose ratio) while the rate of respiration remarkably 
increased by modulating complex I activity, and the levels of ROS 
production decreased. They reveal that after silencing of SMMSON, 
mitochondrial replication, transcription and translation increased.11 
Xing et al. revealed that overexpression of SMMSON increased 
triple- negative breast cancer (TNBC) cell proliferation. They re-
ported that SMMSON exerts this function by facilitating P53 gene 
methylation.23

2.3  |  Gastric cancer

Past investigations revealed that the expression level of SAMMSON 
was upregulated in both patient samples and cancerous cell lines.24,31 
Sun et al. reported that the expression level of SAMMSON is closely 
related to distant metastasis, lymph node metastasis, and clinical 

stage, and patients with high expression of SAMMSON have a low 
overall survival time. Silencing of SAMMSON significantly reduces 
invasion and migration in gastric cancer cell lines.24 Amini et al. re-
ported that SAMMSON expression has a positive association with 
tumour grade and can be considered as a potential diagnostic bio-
marker for tumours.31

2.4  |  Papillary thyroid carcinoma (PTC)

In vivo and in vitro investigations reveal that malignant phenotypes 
of PTC such as cell proliferation, invasion, metastasis and tumori-
genicity be suppressed after SAMMSON silencing. As shown in Fig-
ure 2, the promoter of SAMMSON has 3 binding motifs for the Sp1 
transcription factor. Upregulation of SP1 can promote SAMMSON 
expression at the transcriptional level by increasing the activity of its 
promoter. In the following, SAMMSON can bind to p300 (a histone 
acetyltransferase) to promote H3K27ac and H3K9ac levels on the 

F I G U R E  1  SAMMSON via different mechanisms exerts its oncogenic roles in melanoma. SAMMSON promotes melanoma progression 
by affecting different signalling pathways, mitochondria biogenesis, protein synthesis, cell proliferation, invasion and migration. The 
overexpression of SAMMSON inhibits the localisation of CARF to nucleus which leads ubiquitination of p53 by HDM2 and follows its 
degradation. After silencing SAMMSON, CARF can translocate to the nucleus and interacts with HDM2, which inhibits ubiquitination of 
p53. On the contrary, silencing of SAMMSON increases FOXA2 expression that inhibits tumour progression. SAMMSON via interaction 
with CARF and p32 plays a pivotal role in the processing of mt- rRNA and protein synthesis. Ub: Ubiquitin, CARF: Collaborator of Rapidly 
accelerated fibrosarcoma, HDM2 (or MDM2): Is an E3 ubiquitin- protein ligase, EZH2: Enhancer of zeste homologue 2, H3K27me3: 
Trimethylation of lysine 27 in histone H3, FOXA2: Forkhead box protein A2, XRN2: 5′- 3′ exoribonuclease 2, Mt: Mitochondria, 
Chr: Chromosome.
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promoter of Sp1, resulting in transcriptional activation of Sp1. The 
existing positive feedback loop Sp1/SAMMSON/ p300 has a pivotal 
role in PTC progression.27

2.5  |  Glioblastoma (GBM)

Past investigations have shown that the PI3K/Akt signalling 
pathway has a pivotal role in the progression of GBM.32 In GBM 
tissue and cancerous cell lines, the expression level of SAMMSON 
was aberrantly upregulated. Knockdown of SAMMSON remarkably 
reduced cell viability and invasive ability while promoting the 
induction of apoptosis. SAMMSON increases invasion by promoting 
the epithelial- to- mesenchymal transition (EMT) process. After 
the silencing of SAMMSON, the phosphorylation status of both 
PI3K (p- PI3K) and Akt (p- Akt) proteins significantly reduced that 
indicated SAMMSON was involved in the activation of this pathway 
(Figure 2).12 Xie et al. reported that SAMMSON inversely correlated 
with miR- 622. Overexpression of SAMMSON can promote cell 

proliferation by decreasing miR- 622 expression, while it had no 
significant effect on migration and invasion in GBM cancer cell lines 
(U87 and U- 373 MG).26

2.6  |  Hepatocellular carcinoma

In hepatocellular carcinoma, SAMMSON was upregulated and pro-
motes invasion and migration; therefore, it has an oncogenic role. 
SAMMSON exerts this function by downregulating miR- 9- 3p ex-
pression (Figure 2). However, HCC cancer cell lines with an ectopic 
expression of miR- 9- 3p show less invasion and migration. Clinico-
pathological features do not affect SAMMSON expression, while 
between SAMMSON and miR- 9- 3p exists a negative correlation.13 
Li et al. reported that SAMMSON was upregulated in liver tumour 
initiating cells (TICs) and liver cancer. The self- renewal capacity of 
cancerous cells was impaired after silencing SAMMSON, and its 
ability was recovered after SAMMSON overexpression.25 EZH2 is 
a primary component of polycomb repressive complex 2 (PPRC2).2 

F I G U R E  2  A schematic representation of the function of SAMMSON in different cancers. SAMMSON, by promoting Wnt activation, 
and sponging miR- 9- 3p increases hepatocellular carcinoma. In breast cancer, SAMMSON promotes tumour progression via facilitation 
of epigenetic modulations. SAMMSON, by sponging miRNAs affects different aspects of tumour behaviour. On the contrary, silencing 
of SAMMSON inhibits the production of ROS, and reduces drug resistance, which results in inhibiting the growth of cancer cells. In 
glioblastoma, SAMMSON via the activation of PI3K/Akt signalling pathway and sponging of miR- 622 effects EMT process and cell 
proliferation. Also in PTC, SAMMSON can interact with p300 and promotes the expression levels of SP1 as a transcription factor. TCF/LEF: 
T- cell factor/lymphoid enhancer factor, EMT: Epithelial- mesenchymal transition, Me: Methylation, SP1: A transcription factor, PTC: Papillary 
thyroid cancer, ROS: Reactive oxygen species.
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CTNNBIP1 protein is a physiological negative regulator of the Wnt 
pathway that prevents interaction between CTNNB1 and TCF/
LEF complex and inhibits Wnt signalling activation.33 SAMMSON 
through interaction with EZH2, suppresses the expression of CTNN-
BIP1. SAMMSON exerts this function by binding to the promoter of 
CTNNBIP1 and recruits EZH2. It can be concluded that SAMMSON 
promotes liver TIC self- renewal and propagation of tumours via acti-
vation of the Wnt signalling pathway (Figure 2).25

2.7  |  Oral squamous cell carcinoma

The expression of SAMMSON in OSCC was found to be significantly 
higher in tissue samples, plasma samples, and OSCC cancer cell lines. 
Zheng et al. reveal that upregulation of SAMMSON is significantly 
associated with tumour differentiation, lymph node metastasis, 
TMN stage, and neighbouring tissue infiltration. They also indicated 
that the patients with high expression of SAMMSON had poor over-
all survival. Overall, the SAMMSON has a critical role in the progres-
sion of OSCC.34

3  |  SAMMSON LNCRNA A S A 
DIAGNOSTIC AND PROGNOSTIC 
BIOMARKER

Investigation of the function of SAMMSON as a diagnostic and 
prognostic value in different cancers has been the subject of a few 
studies. The expression of SAMMSON detected in different types 
of samples, including tissue, blood, plasma and cell lines; therefore, 
SAMMSON can be considered a non- invasive potential diagnostic 
and prognostic biomarker in several types of cancers and a suita-
ble therapeutic target for various tumours. Shao et al. reported that 
the expression level of SAMMSON in plasma samples of PTC was up-
regulated and can be used as a useful prognostic and diagnostic bio-
marker for PTC patients. Xie et al. demonstrated that SAMMSON 
expression increased in GBM plasma samples while not in diffuse 
neurosarcoidosis (ND) patients. They reported that SAMMSON 
has a diagnosis value for distinguishing GBM and ND. The ability of 
SAMMSON as a potential biomarker was evaluated in OSCC. Zheng 
et al reported that the expression levels of SAMMSON was be in-
creased in plasma samples of patients with OSCC. They indicated 

TA B L E  2  Summary of studies reported up- regulation of SAMMSON in clinical samples.

Clinical samples
SAMMSON 
expression Association with clinical data Kaplan Meier AUC Refs

90 Paired tissues, 90 OSCC 
patient serum and 40 
normal healthy controls

Up Significant association with 
the clinical stages, Distant 
& Lymph node metastasis, 
Cancer invasion depth and 
Differentiation.

High SAMMSON expression 
significantly associated 
with poor overall survival 
and disease- free survival

0.74 for OSCC 
serum samples 
vs healthy 
serum controls.

34

126 Paired tissues of GC Up Significant association with 
the clinical stages, distant 
metastasis and lymph node 
metastasis

High SAMMSON expression 
significantly associated 
with FS & OS

- 24

70 Paired tissues and plasma 
of PTC

Up Significant association with the 
clinical stages, Lymph node 
metastasis, and tumour size

High SAMMSON expression 
significantly associated 
with shorter overall and 
disease- free survival 
time

0.91 for PTC 
plasma samples 
vs healthy 
controls

27

67 Malignant melanoma and 
11 nevi tissues

Up - Lower SAMMSON 
expression is associated 
with increased 10- year 
OS

- 17

40 Paired tissues of GC Up Significant association with the 
tumour grade & tumour size

- - 31

56 GBM, and 35 control & 34 
patients with DN

Up - - 0.88 for GBM vs 
control and 
0.92 for GBM 
vs ND

26

68 TNBC Paired tissues Up Significant association with the 
clinical stages

- - 23

70 Paired tissues of HCC Up - Patients with high levels 
of SAMMSON in HCC 
tissues had significantly 
lower overall rate

- 13

Abbreviations: AUC, area under the curve; FS, Free survival; ND, neurosarcoidosis; OS, overall survival; OSCC, oral squamous cell carcinoma; TNBC, 
triple- negative breast cancer; UP, upregulation.
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that SAMMSON can serve as a novel diagnostic and prognostic bio-
marker in OSCC (Table 2).

4  |  CONCLUSION AND PERSPEC TIVES

Generally, SAMMSON is remarkably upregulated in cancer; however 
Pan et al. reported that the expression level of SAMMSON was de-
creased in intracranial aneurysm.14 SAMMSON appears to have an 
impact on a variety of processes, including the regulation of mitochon-
drial function, cell proliferation, apoptosis, EMT, drug resistance, inva-
sion and migration. LncRNAs are keys player in regulation of signalling 
pathways35,36 and SAMMSON is involved in the regulation of several 
pathways such as Wnt, MAPK, PI3K, Akt, ERK and p53. SAMMSON 
can regulate various biological processes by affecting signalling path-
ways, so new strategies based on LncRNAs may be considered for 
treating specific cancers. Although previous research has revealed 
various aspects of SAMMSON's effects on tumour progression, many 
of the involved mechanisms could be the focus of future research. For 
instance, miRNAs and their target genes have a critical role in tumour 
development37,38; therefore SAMMSON- miRNA- mRNA axis can be in-
vestigated in many tumours. SAMMSON can regulate some miRNAs 
(miR- 622 and miR- 9- 3p) and their target genes. In addition, single nu-
cleotide polymorphism (SNPs) especially their SNPs that are located in 
3p13– 3p14 amplicon may effect SAMMSON expression, therefore in 
the next investigations exploring the association of SAMMSON expres-
sion with genetic variants is needed. LncRNAs are essential players in 
the process of gene transcription through epigenetic regulation. LncR-
NAs perform this function by regulating histone proteins or the meth-
ylation status of DNA.39,40 SAMMSON via interaction with p300 (as a 
histone acetyltransferase) can increase H3K27ac and H3K9ac activity. 
Also, SAMMSON by modulating methylated histone H3 (H3K27me3) 
regulates FOXA2 expression. Previous research evidence has reported 
that lncRNA is linked to clinicopathological characteristics like lymph 
node metastasis, TMN stage, tumour grade and tumour differentiation. 
However, several studies have found that high SAMMSON expression 
is associated with poor overall survival. SAMMSON plays an important 
role in doxorubicin and vemurafenib resistance in breast cancer and 
melanoma, respectively. Several transcription factors, including Sp1 
and SOX10, have been shown to bind upstream of the SAMMSON gene 
and increase its expression. A review of previous articles revealed that 
SAMMSON regulates cancer cell metabolism via its effects on rRNA 
maturation, protein synthesis, and mitochondrial function. SAMMSON 
promotes respiration, complex I activity, and mitochondrial capac-
ity, all of which are required for cancer cell growth and proliferation. 
SAMMSON's pivotal role in cancer progression, taken together, makes 
it a potential therapeutic target for future research.
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