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Abstract

Soft-tissue sarcomas (STS) are a rare and heterogeneous group of tumors that arise from 

connective tissue and can occur anywhere in the body. Among the plethora of over 50 different 

STS types, liposarcoma (LPS) is one of the most common. The subtypes of STS are characterized 

by distinct differences in tumor biology that drive responses to pharmacologic therapy and 

disparate oncologic outcomes. Small non-coding RNAs (sncRNAs) are a heterogeneous class 

of regulatory RNAs involved in the regulation of gene expression by targeting mRNAs. Among 

the several types of sncRNAs, microRNAs and tRNA-derived ncRNAs are the most studied 

in the context of tumor biology, and we are learning more about the role of these molecules 

as important regulators of STS tumorigenesis and differentiation. However, challenges remain 

in translating these findings, and no biomarkers or therapeutic approaches targeting sncRNAs 

have been developed for clinical use. In this review, we summarize the current landscape of 

sncRNAs in the context of STS with an emphasis on LPS, including the role of sncRNAs in 

the tumorigenesis and differentiation of these rare malignancies and their potential as novel 

biomarkers and therapeutic targets. Lastly, we provide an appraisal of published studies and 

outline future directions to study sncRNAs in STS, including tRNA-derived ncRNAs.

Introduction

Soft-tissue sarcoma (STS) is a very heterogeneous group of tumors that accounts for 

1% of all human malignancies. With approximately 12,000 new cases and 5,000 deaths 

in the United States annually, STS remains a lethal disease with very limited treatment 

options (1). More than 50 different subtypes of STS have been identified so far, with the 

most common types being liposarcoma (LPS), leiomyosarcoma (LMS), fibrosarcoma (FS), 

rhabdomyosarcoma (RMS), angiosarcoma (AS), malignant peripheral nerve sheath tumor 
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(MPNST), undifferentiated pleomorphic sarcoma (UPS), and synovial sarcoma (SS) (2) 

(Figure 1). Surgical resection is the only curative approach to STS and response rates to 

chemotherapy and radiotherapy are less than 25% (3). Therefore, early detection of STS and 

the ability to predict response to systemic therapy may help to improve prognosis in this 

challenging patient population (3).

In this context, small non-coding RNAs (sncRNAs), a heterogeneous class of regulatory 

RNAs involved in gene expression, may play a pivotal role in orchestrating STS 

tumorigenesis and differentiation. Among them, microRNAs (miRNAs), a well-known class 

of small ncRNAs, have been studied in the setting of STS and may hold promise as 

novel biomarkers and therapeutic targets. However, studies are limited, and no clinical 

applications of sncRNAs have been reported for patients with STS. Herein we summarize 

the current landscape of miRNAs in STS, focusing on their roles in the tumorigenesis and 

differentiation of LPS, their application as novel biomarkers or therapeutic targets, and 

outline future directions in small ncRNA studies in STS involving tRNA-derived ncRNAs 

(tsRNAs).

Small non-coding RNAs

With the advent of Next Generation Sequencing (NGS) technologies, it became clear that 

only 2% of the human genome is transcribed into RNA messengers (mRNAs), while the rest 

is primarily transcribed into non-coding RNAs (ncRNAs). ncRNAs are a very heterogeneous 

group of different RNAs involved in multiple aspects of cell physiology (4). They are 

usually divided according to their size in small (< 200 nts) and long ncRNAs (≥ 200 

nts) (4,5) and they can also be classified according to their function in housekeeping and 

regulatory ncRNAs (4,5) (Figure 2A). Housekeeping ncRNAs include small nuclear RNA 

(snRNA), small nucleolar RNA (snoRNA), ribosomal RNA (rRNA), and transfer RNA 

(tRNA) (Figure 2A). These ncRNAs are constitutively expressed in every cell type and 

perform several functions which are crucial for cellular physiology (4,5). On the other hand, 

regulatory ncRNAs include several classes of long and small RNAs, such as long non-coding 

RNAs (lncRNAs), miRNAs, Piwi-associated RNAs (piRNAs), and tsRNAs (4,5) (Figure 

2A). The crucial roles these molecules play in regulating cell proliferation, differentiation, 

migration, and cell death have garnered significant interest from the scientific community 

(4,6-8). The expression of sncRNAs is altered in many human diseases, including cancer 

(4,9-12). Extracellular small ncRNAs are differentially expressed in several human cancers 

and have been introduced as novel diagnostic and prognostic biomarkers (4,13). To this 

end, sncRNAs are detectable in many different body fluids and complexed with proteins or 

enclosed within extracellular vesicles and are readily available (4,14).

While the role that regulatory sncRNAs have in normal cellular physiology and the 

implications that dysregulation has in the development and progression of cancer is well 

recognized, additional studies are needed to fully understand the complex regulatory 

networks in which they are involved that ultimately govern these processes (15,16). 

Moreover, additional studies are required to translate these findings into novel applications 

that can be used in clinical practice. Concerning rare human tumors like STS, few studies 
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have addressed the roles of sncRNAs in tumorigenesis and differentiation. Most studies have 

focused only on miRNAs, leaving other important classes, such as tsRNAs, unexplored (17).

miRNAs: biogenesis and dysregulation in cancer

miRNAs are a distinct family of sncRNAs which are around 16-26 nucleotides long and are 

involved in modulating gene expression at the post-transcriptional level (11). The biogenesis 

of miRNAs is quite articulate and starts in the nucleus, where miRNA genes are transcribed 

by the RNA polymerase II into a longer primary transcript named pri-miRNA, which has a 

5′ cap and a 3′ poly-A tail (11). Noteworthy, some pre-miRNAs may also be transcribed 

by RNA polymerase III (18,19). After transcription, the pri-miRNAs are then processed into 

the nucleus by a complex that includes an RNA-binding protein and an RNase III named 

DGCR8 and Drosha, respectively, into an about 85 nucleotides stem-loop structured RNA 

named precursor miRNA (pre-miRNA) (20). Following this initial step of their biogenesis 

in the nucleus, pre-miRNAs are then transferred to the cytoplasm by the complex Ran/GTP/

Exportin and processed by another RNase III called Dicer to create a miRNA duplex of 

20-22 nucleotides long (20). Such duplex is then unwound, and the mature miRNA is 

finally incorporated into a protein complex named RNA-induced silencing complex (RISC), 

guiding it to target mRNAs (Figure 2B) (20). Most of the time, miRNA–mRNA interactions 

are mediated by the seed region, which is a 6-8 nucleotide sequence present at the 5′-end 

of the miRNA that binds for complementarity to the 3’ Untranslated Regions (UTR) of the 

mRNA target (21). However, other studies based on the CLASH-Seq technique have also 

identified additional non-canonical binding clusters which seem to be independent from the 

seed region (22). Independently from the interaction, once miRNAs bind to their mRNA 

targets, they can either inhibit translation or induce the degradation of the mRNA target in 

case of imperfect or perfect complementarity, respectively (23).

By degrading the mRNA targets or repressing their translation, miRNAs can deeply affect 

cellular processes, including proliferation, differentiation, and apoptosis (11). For these 

reasons, it is easy to think that dysregulation in the expression of such small RNA molecules 

may significantly affect the development of several human diseases, including cancer.

The first evidence of the involvement of miRNAs in cancer development was provided 

by Dr. Croce’s team from studies trying to identify novel tumor suppressors located in 

chromosome 13 in B-cells of patients affected by chronic lymphocytic leukemia (CLL) 

(24). During these studies, they found a region, frequently deleted in CLL, that, instead 

of containing a coding-protein gene, actually had two miRNA genes named miR-15a and 

miR-16-1. Further studies revealed that both miRNAs were either deleted or downregulated 

in the majority of CLL cases, and they were acting as tumor suppressors by targeting 

BCL-2, an anti-apoptotic protein overexpressed in many human cancers (25,26).

After these pioneering discoveries, the scientific community started an intense research 

activity to study miRNAs' role in cancers. Such studies shown that miRNA expression is 

affected in all human tumors, and its signatures might be used for tumor classification, 

diagnosis, and prognosis (11). Moreover, further studies also found that cells actively 

secreted miRNAs in all human biological fluids through EVs, acting as important mediators 

of cellular communication (27-29). Notably, their levels in biological fluids were altered 
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in several human cancers suggesting a potential clinical application of these short RNA 

molecules as non-invasive diagnostic and prognostic biomarkers in oncology clinical 

practice (29-31). Despite the intense research, very few cases of miRNAs have been 

introduced in clinical practice for cancer diagnosis and treatment so far. Examples of 

miRNA-based cancer diagnostics already available for clinical practice include (i) miRview, 

a microarray panel of 64 miRNAs allowing the identification of cancers of unknown or 

uncertain primary origin (CUP) spanning across 42 different tumor types (32,33); (ii) 

ThyraMIR\ThyGeNEXT, a miRNA panel for thyroid and pancreatic cancer stratification 

(32,33); and (iii) RosettaGX Reveal panel which distinguishes between indeterminate or 

benign thyroid nodules (32,33). Concerning miRNA-based cancer treatments, many clinical 

trials are still ongoing. However, none of them have been approved by the FDA yet (32,33).

Despite these promising examples, additional studies and clinical trials will be required 

to introduce miRNAs in daily clinical practice. Surely, the cheaper cost of NGS-based 

transcriptome experiments combined with a better understanding of the roles of these 

molecules in cancer development and progression will help speed up this process. However, 

rare malignancies, such as LPS and other STS, remain under the shadow of other common 

tumor types, attracting less interest from biotechnological and pharmaceutical companies. 

Indeed, studies about miRNAs in STS are very limited, and other classes of sncRNAs, such 

as tsRNAs, have not been studied so far in these malignancies.

Liposarcoma

LPS account for about 20% of all STS and can occur in the extremities or in the 

retroperitoneum of the abdomen and is further classified into four subtypes: (i) myxoid, 

(ii) well differentiated, (iii) dedifferentiated, and (iv) pleomorphic (34).

Myxoid LPS is one form of LPS that typically arises from the lower extremities. Myxoid 

LPS is characterized by a reciprocal translocation that generates a fusion transcription 

factor oncogene (35,36). Specifically, a translocation t(12;16) is present in >95% of 

myxoid LPS cases, fusing FUS with DDIT3, while the remaining cases present with 

the t(12;22) translocation. The t(12;22) translocation results in the formation of EWSR1-

DDIT3 (35,36). Both FUS and EWSR1 are members of the FET heterogeneous nuclear 

ribonucleoprotein particle (hnRNP) protein family, which are known to bind RNA and 

contribute to the regulation of transcription and translation, and RNA processing (37). 

Noteworthy, FET proteins have been reported to enhance transcription suggesting a role 

in tumor progression (37). While the exact mechanism is unknown, it is hypothesized that 

these fusion transcription factors may exert their oncogenic effect by stimulating cellular 

proliferation and, at the same time, inhibiting adipogenic differentiation (36,38,39). In 

addition to these molecular differences, myxoid LPS presents differences from the other 

types of LPS in some clinical aspects as well. In fact, myxoid LPS seems to have a 

tendency to metastasize to additional sites where fat tissue is present such as the trunk, 

extremities, bone, retroperitoneum, pleura, and pericardium (40,41). Surgical excision with 

or without radiation therapy is the indicated treatment for patients with localized myxoid 

LPS. However, chemotherapy is usually recommended for patients with high grades, tumor 

size > 5 cm, and positive surgical margins (35).
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Well-differentiated liposarcoma (WDLPS) and dedifferentiated liposarcoma (DDLPS) are 

the most common subtypes of LPS (34). Within the retroperitoneum, WDLPS accounts for 

approximately 40–45% of all LPS and is characterized as a low-grade tumor with a local 

recurrence rate of 60% at five years (42,43). In contrast, DDLPS is a high-grade tumor 

and may arise as a primary lesion (90 % of cases) or from within a WDLPS (10 % of 

cases) (44-46). Like WDLPS, DDLPS commonly arise in the retroperitoneum and has a 

characteristic high rate of local recurrence (44,47). As many as 20% of patients with DDLPS 

will develop metastases, and patients with DDLPS have a worse prognosis compared 

to WDLPS (30% vs. 90% overall survival at five years) (1). Morphologically, WDLPS 

and DDLPS are remarkably different. WDLPS is composed of malignant adipocytes and 

spindle cells showing fibroblastic/myofibroblastic differentiation with aberrantly enlarged 

and hyperchromatic nuclei, whereas DDLPS cells are no longer recognizably adipocytic 

under the microscope (1). Although morphologic differences between WDLPS and DDLPS 

are evident, the molecular differences that drive their disparate behavior and prognosis are 

largely unknown. Surgery remains the only curative treatment for patients with LPS, but the 

majority of patients will manifest local recurrence, and the response rate to systemic therapy 

is only 30% (48). Taken together, this emphasizes the need to identify novel therapeutic 

targets for patients with LPS. Moreover, the discovery of reliable diagnostic and prognostic 

biomarkers, including genetic markers to better characterize LPS, may help improve the 

management and outcomes for patients with this rare malignancy.

Dysregulated miRNAs in liposarcoma

Among the different types of STS, the role of miRNAs in tumorigenesis and differentiation 

has been most studied in LPS. In fact, multiple miRNAs were found differentially expressed 

in WDLPS and DDLPS with distinct roles in the biology of these cancer cells (49). 

Significant strides have been made in discovering biologically relevant miRNAs in LPS, and 

a summary of dysregulated miRNAs in WDLPS and DDLPS is summarized in Table 1. One 

of the first studies assessing miRNA expression in LPS was published in 2011. In this study, 

the authors identified more than 40 differentially expressed miRNAs in DDLPS compared 

to normal fat. Among them, miR-143, which was found downregulated in DDLPS, was 

revealed to be particularly interesting since the re-expression of such miRNA inhibited 

proliferation and induced apoptosis in vitro (50). However, the dedifferentiated phenotype 

was not completely reversed by the increased expression of miR-143 (50). In any case, 

this study was the first to report the pivotal part played by miRNAs in modulating LPS 

development and progression.

In another study of 59 patients with LPS, Zhang et al. identified four miRNAs that were 

overexpressed and 31 that were downregulated in WD/DDLPS that could be used to 

discriminate LPS from normal fat. One of the four miRNAs that were overexpressed in 

the DDLPS subset was miR-155. Moreso, the knockdown of miR-155 in DDLPS cell 

lines (lipo246 and LPS141) inhibited cellular proliferation, reduced colony formation, and 

induced cell-cycle arrest in vitro (51). Such results were confirmed with in vivo experiments 

using mouse xenograft models that showed a stalling of tumor growth induced by the 

knock-down of miR-155 (51). The overexpression of miR-155 in WD/DDLPS was also 

La Ferlita et al. Page 5

Mol Cancer Res. Author manuscript; available in PMC 2023 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



observed in two additional independent studies confirming the role of miR-155 in DDLPS 

progression (52,53).

miR-26a-2 is another important miRNA that is overexpressed in WD/DDLPS. This miRNA 

is located in a chromosomal region (12q13-q22), amplified in approximately 90% of WD/

DDLPS tumors, and containing important oncogenes, such as MDM2 and CDK4 (54). In 

vitro, miR-26a-2 enhances the growth and survival of LPS cell lines and, when expressed, 

results in increased cell proliferation and migration, repressed adipocyte differentiation, and 

resistance to apoptosis by targeting the BTB domain containing protein 1 (RCBTB1) (54). 

A subsequent study from the same lab also revealed that miR-26a-2 regulates cell death by 

targeting another gene, homeobox protein A5 (HOXA5), which is important in adipocyte 

differentiation and fat metabolism (55). A recent small RNA-Seq profiling of DDLPS 

tumors found that miRNAs of the miR-193 family were downregulated compared with 

normal fat. Notably, the reintroduction of miR-193b induced apoptosis in liposarcoma cell 

lines and promoted adipogenesis in adipose-derived stem cells (56). Another study reported 

that miR-133a was found downregulated in DDLPS, and the re-expression of this miRNA 

induced a reduction in cell proliferation in vitro (57). However, no significant effects on 

cell death and migration were observed. Moreover, no differences in vivo were observed in 

DDLPS mouse xenografts overexpressing miR-133a (57).

In clinical practice, distinguishing WDLPS and DDLPS has important implications with 

respect to patient management. In this context, miRNAs could be used as molecular markers 

to help stratify LPS subtypes. In 2014, Gits, C.M.M. et al. identified a signature of miRNAs 

that discriminate between different LPS subtypes (58). More precisely, the expression of 

miR-145 and miR-451 were reduced in LPS compared to normal fat, and their re-expression 

in LPS cell lines decreased cellular proliferation, impaired cell cycle progression, and 

induced apoptosis, indicating these two miRNAs as novel tumor suppressors in liposarcoma 

(58). A more recent study reported a signature of 6 miRNAs able to discriminate lipomas 

from WDLPS with high confidence, while a different signature of 6 miRNAs was able to 

stratify DDLPS from their more aggressive histologic mimics (59). While promising, further 

external validation of these findings is necessary, and the utility of their clinical application 

is unknown.

microRNAs as novel therapeutic targets for liposarcoma

Studies have shown that miRNAs are dysregulated in WDLPS and DDLPS, and some of 

these are responsible for the development and progression by regulating the expression of 

key oncogenes and tumor suppressors at the post-transcriptional level. Indeed, miRNAs 

can be classified as oncomiRs or tumor suppressors based on their targets. OncomiRs 

are typically miRNAs that are overexpressed in cancer cells and downregulate the 

expression of their tumor suppressor target genes. In contrast, tumor suppressor miRNAs 

are downregulated in cancer cells and induce the upregulation of their target oncogenes. 

However, because of the complexity of the regulatory networks in which miRNAs are 

involved, defining a miRNA as an oncogene or tumor suppressor is challenging (60). 

In fact, a single miRNA can target multiple mRNA targets (oncogenes and tumor 

suppressors), while a single mRNA can be targeted by several miRNAs (60). Since 
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miRNAs have been proven to be important regulators of key signaling pathways, the 

research community has spent time and effort trying to develop new strategies for miRNA-

based cancer treatment. Moreover, working with sncRNAs as therapeutic targets has some 

biotechnological advantages. Indeed, miRNAs can be efficiently overexpressed, transfecting 

cells with miRNA mimics, or they can be downregulated using antagomirs which silence the 

function of their complementary miRNA targets (61). miRNA-based therapeutic approaches 

are not without issues. Problems with toxicity and delivery systems have hampered the use 

of miRNAs as novel cancer therapeutic targets (61,62). Although most of the studies and 

clinical trials about potential miRNA-based therapeutic applications are focused on more 

common tumor types, some studies have reported relevant miRNAs that might be used as 

therapeutic targets in WD/DDLPS.

miR-155 is an oncomiR in DDLPS that plays a vital role in cell cycle progression and 

cell proliferation as well as colony formation by regulating Casein Kinase-1α (CK-1α) and 

thereby increasing β-Catenin Signaling and cyclin D1 expression (51-53). In conclusion, the 

authors proposed miR-155 as a novel potential target for DDLPS treatment (51).

miR-26a-2 is another example of oncomiR, which has been found upregulated in WD/

DDLPS (54). As anticipated above, miR-26a-2 is located in a chromosomal region (12q13-

q22), usually amplified in 90% of WD/DDLPS, which leads to the overexpression of genes 

present in this region, such as MDM2 and CDK4 (54). Overexpression of miR-26a-2 in 

three different LPS cell lines (SW872, LPS141, and LP6) boosted the growth and improved 

the survival, and the migration of these cells, while inhibiting adipocyte differentiation and 

apoptosis by post-transcriptionally regulating RCBTB1 (54). Moreover, the inhibition of 

miR-26a-2 in LPS cells using antagomiRs resulted in the opposite phenotype confirming 

the role of this miRNA in regulating such processes (54). Another study also revealed that 

miR-26a indirectly affects p53-independent and caspase-dependent apoptosis by negatively 

regulating the expression of HOXA5 (55). Indeed, inhibition of miR-26a-2 using its 

antagomiR or overexpressing HOXA5 induced a strong apoptotic response in LPS cells 

(55). After these findings, the authors concluded that the oncomiR miR-26a might be a novel 

therapeutic target for human LPS (54).

Contrary to oncomiRs, other miRNAs might be downregulated in WD/DDLPS, acting 

as tumor suppressors. The miR-143/miR-145 cluster comprises two distinct and co-

transcribed miRNAs well-known for their tumor suppressor activities (63). This cluster 

is present abundantly in adipose tissues, and among them, miR-143 also takes part in the 

tumorigenesis of LPS and the differentiation of adipocytes (64). In LPS, this cluster is barely 

expressed, and re-expression of miR-143 inhibited proliferation and induced apoptosis by 

regulating the expression levels of BCL2, type II topoisomerase, PLK1, and PRC1 (50). 

These findings suggest that the re-expression of miR-143 or the use of inhibitors directed at 

miR-143 targets may have therapeutic value in DDLPS (50).

Even miR-145 and miR-451 are reported to be poorly expressed in liposarcoma (58). The 

authors showed that overexpressing miR-145 and miR-451 in LPS cell lines decreased 

cellular proliferation, inhibited cell cycle progression, and induced apoptosis (58). These 
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data suggest that miR-145 and miR-451 may act as tumor suppressors, and their re-

expression might be used as a novel therapeutic approach for LPS (58).

Another final example of tumor suppressor miRNA in LPS is miR-193b. This miRNA 

is under expressed in DDLPS compared with normal fat, and its expression seems to 

regulate important phenotypes such as adipogenesis in human adipose-derived stem cells 

by targeting genes involved in the FAK–SRC–CRKL signaling. It is also reported that 

miR-193b mediates liposarcoma cell proliferation, differentiation, and tumorigenesis by 

targeting multiple genes such as PDGFR, TGFβ, SMAD4, and YAP1 (65). Moreover, in 

vivo experiments showed that miR-193b mimetics and FAK inhibitor (PF-562271) could 

inhibit LPS xenograft growth, suggesting their possible application for DDLPS treatment 

(56). A summary of some relevant oncomiRs and tumor suppressor miRNAs described here 

can be found in Table 2. Although all the aforementioned miRNAs hold the promise of 

new effective treatments for patients affected by LPS, additional studies will be required 

to confirm these findings and introduce them in clinical practice. Indeed, further in vivo 

experiments to confirm the therapeutic properties of these miRNAs need to be performed. 

Nevertheless, the implementation of more safe and effective delivery systems of miRNA-

mimics and antagomiR to cancer cells needs to be developed to make miRNAs more 

attractive druggable targets.

Circulating microRNAs as novel diagnostic biomarkers of WD/DDLPS

In the last decade, in addition to developing effective miRNA-based therapeutic approaches 

for several different types of human cancers, the scientific community has also turned 

its attention to the potential application of miRNAs as novel diagnostic and prognostic 

biomarkers to be used in clinical practice. Indeed, miRNAs have become attractive 

biomarkers given their easily detectable presence in plasma and other biological fluids such 

as urine and saliva. Moreover, several studies have shown unique signatures of miRNAs 

in the plasma or serum of patients affected by different types of malignancies, indicating 

their potential clinical value as novel diagnostic biomarkers (1). Currently, it is hypothesized 

that miRNAs enter into body fluids with three different mechanisms: (i) passive release 

from damaged cells, (ii) active secretion through extracellular vesicles, and (iii) active 

secretion in macromolecular complexes associated with AGO proteins and high-density 

lipoprotein (HDL) (66). Even though the biological functions of circulating miRNAs are 

mainly unknown, it is postulated that they may act as “hormones” implicated in cellular 

communication affecting, therefore, several aspects of cellular physiology (67). However, 

the possibility of circulating miRNAs as novel biomarkers for monitoring the stage and 

diagnosis of STS has yet to be extensively considered.

In this context, a recent study using LPS cell lines and plasma from patients with LPS, 

found that miR-25-3p and miR-92a-3p were secreted in extracellular vesicles. Interestingly, 

the authors were able to distinguish between patients with LPS and healthy controls 

(68). These results suggested that these two circulating miRNAs can effectively be used 

as a novel, noninvasive biomarkers for the diagnosis of LPS (68). From a mechanistic 

standpoint, both miR-25-3p and miR-92a-3p were shown to stimulate the secretion of 

proinflammatory cytokine IL-6 from tumor-associated macrophages in a TLR7/8-dependent 
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manner within the tumor microenvironment. The end result was the promotion of LPS 

cell proliferation, invasion, and metastasis. These findings provided a novel and previously 

unreported mechanism by which LPS progression is regulated in part by miRNAs through 

manipulation of the tumor microenvironment (68).

Finally, a recent study showed that some miRNAs, such as miR-1246, miR-4532, miR-4454, 

miR-619-5p, and miR-6126, were highly expressed in serum and tissues from patients with 

DDLPS (69). Moreover, in vitro experiments also suggested their secretion from DDLPS 

cells through exosomes (69). The authors concluded that these miRNAs might serve as 

potential biomarkers for DDLPS diagnosis. However, further validations with a larger cohort 

of patients and additional in vitro and in vivo experiments about the functional activities 

of these miRNAs will be required. A summary of the circulating miRNAs with potential 

diagnostic applicability in WD/DDLPS can be found in Table 3.

Dysregulated microRNAs in other types of soft tissue sarcoma

In addition to LPS, several relevant papers about miRNAs in other STS subtypes have been 

published. Herein, we briefly described the miRNAs that are dysregulated in these additional 

STS subtypes, including LMS, FS, SS, RMS, AS, and MPNST, also commenting on their 

biological properties and potential clinical applicability. Moreover, a summary can be found 

in Table 4.

Leiomyosarcoma

LMS is a rare, malignant sarcoma (from 10% to 20% of all STS cases) originating 

from smooth muscle cells. These tumors can originate in the retroperitoneum (40–45 %), 

extremity (30–35 %), skin (15–20 %), or from the muscular lining of blood vessels (5%). 

LMS usually arises in middle-aged or older patients, even though it can also occur in 

young adults and children (70). Like other forms of STS, treatment options are very limited, 

and surgical resection remains the only curative approach. As such, the identification of 

novel therapeutic agents is needed in order to improve patient outcomes. A novel agent for 

the treatment of LMS is the tumor suppressor miR-152. This miRNA is downregulated in 

LMS compared to normal tissue and regulates the expression of the tyrosine kinases MET 

and KIT (71). Experiments in vitro showed that the re-expression of miR-152 diminished 

proliferation, enhanced apoptosis, inhibited the PI3K/AKT pathway, and led to halted cell 

cycle. Taken together, these findings support targeting the expression of miR-152 in order 

to induce regression in patients with LMS (79). While promising, there are challenges in 

drug delivery and selectively increasing the expression of a given miRNA in LMS cells. In 

addition, the effectiveness of this approach in vivo is unknown, and to date, this pathway has 

not been evaluated clinically.

Undifferentiated pleomorphic sarcoma

UPS is a high-grade aggressive STS that represents about 17% of all STS and encompasses 

mesenchymal neoplasms that have cellular pleomorphism and lack evidence of cellular 

differentiation (72). The primary tumor originates from mesenchymal stem cells, usually 

located in soft tissues, bones, and retroperitoneum, with the ability to metastasize to other 
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organs (73). Usually, the diagnosis is carried out through histopathology examination since 

imaging technologies failed to give an accurate diagnosis, while the therapy is mainly 

surgical excision with adjuvant radiotherapy for stage I tumors (74). Broadly, chemotherapy 

is reserved for large, high-grade lesions or those that are locally advanced or unresectable 

(74). In addition to the traditional chemotherapy, recent studies are also investigating the 

efficiency of immune-checkpoint inhibitors such as pembrolizumab (anti-PD1), nivolumab 

(anti-PD1), and ipilimumab (anti-CTLA4) to treat patients with metastatic UPS (75).

One challenge in managing patients with UPS is differentiating these tumors from patients 

with LMS and other forms of STS. These tumors are characterized by complex genomic 

profiles, and the differentiation between LMS and UPS can present a significant challenge in 

clinical management. In this regard, miRNAs have emerged as a novel diagnostic biomarker 

for STS subclassification. A relevant paper regarding this topic was published in 2014. In 

this paper, the authors performed a miRNA profiling on several LMS and UPS samples 

with the goal of identifying a signature of miRNAs that can be used for the differential 

diagnosis (76). In this experiment, the authors identified 38 and 46 miRNAs that were able 

to classify UPS and LMS samples, respectively, into separate groups compared to control 

samples (76). Further experiments using qPCR on a larger cohort of samples confirmed 

the dysregulation of two miRNAs, miR-199-5p and miR-320a. Specifically, they observed 

that the levels of miR-199b-5p were significantly higher in UPS as compared with LMS, 

while miR-320a is upregulated in LMS compared with UPS (76). Consequently, the authors 

concluded that these miRNAs may serve as diagnostic markers for LMS and UPS. However, 

additional studies of miRNAs in UPS are limited, not only due to the rarity of UPS but also 

due to recent changes in classification and nomenclature. Historically, these tumors were 

erroneously included with other soft tissue sarcomas with mixed histiocytic and fibroblastic 

lineage and were coined malignant fibrous histiocytoma (MFH). Over the last ten years, we 

have identified the unique clinical and histopathologic characteristics that define UPS, but 

molecular studies including sncRNAs have been delayed.

Fibrosarcoma

FS is a mesenchymal tumor, usually located on the trunk or the extremities, that derives 

from fibrous connective tissue and is characterized by the presence of immature proliferating 

fibroblasts or undifferentiated anaplastic spindle cells (77). This malignancy is extremely 

rare (only 500 new cases are reported each year), and it is classified as (i) infantile or 

congenital fibrosarcoma; and (ii) adult fibrosarcoma. The first type is characterized by 

the presence of the fusion gene ETV6–NTRK3 and tends to grow slowly forming benign 

tumors with a consequent better outcome (78). On the other hand, adult FS is much more 

aggressive, with a 5-year survival of 40-60%. Despite their very different clinical behaviors, 

histologically the two types of FS are very similar. Treatment options are limited to surgical 

resection and radiotherapy since chemotherapy has no definitive efficiency in patients with 

FS (79).

Unlike most types of STS, FS has the unique propensity to metastasize. As such, efforts are 

underway to identify the drivers of this phenotype. In this regard, some miRNAs have been 

found to regulate metastases in FS. This includes miR-29, which is downregulated in FS. 
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However, when re-expressed, miR-29 has been shown to reduce the invasiveness of FS cell 

lines in vitro (80). Mechanistically, the impairment of invasion following the re-expression 

of miR-29 was caused in part by the downregulation of MMP2. This gene encodes for a 

metalloproteinase that is important for degrading the extracellular matrix and is targeted 

by miR-29 in FS cells (80). In addition to miR-29, miR-520c, and miR-373 have also 

been linked to the regulation of the extracellular matrix in FS (81). In fact, they indirectly 

upregulate the expression of the metalloproteinase MMP9 by targeting mTOR and SIRT1 

(81). As a result, the MAPK signaling pathway is activated and phosphorylates NF-Kb, 

which leads to increased levels of MMP9 (81). Taken together, these events result in an 

increase in cellular growth and migration of FS cells (81). While promising, a significant 

limitation of the aforementioned studies is the lack of in vivo validation of the reported 

findings. These advances have likely been hampered by the limited availability of specimens 

and/or preclinical models of fibrosarcoma. Novel approaches to treat fibrosarcoma represent 

a significant unmet clinical need, and a greater understanding of the role that ncRNAs play 

in the regulation of fibrosarcoma tumor biology may pave the way to more efficacious 

therapies.

Synovial sarcoma

SS represents a unique subtype of STS that accounts for about 5% of all STS (82). Although 

many SS originate near articular structures, its name is misleading since these tumors do 

not originate from the synovial membrane presents on the inner surface of synovial joint 

capsules but from mesenchymal cells (82). Indeed, SS can develop in any anatomical 

location, even though it usually occurs in the lower extremities (82). SS also has unique 

genomic features, and its pathogenesis is driven by the chromosomal translocation t(X;18), 

which leads to the formation of the SS18-SSX fusion oncogene (82). The treatment usually 

consists of surgical excision combined with adjuvant radiotherapy reserved for patients with 

larger and deeper lesions (82). On the other hand, the use of chemotherapy in the treatment 

of SS remains controversial, and do not appear that its use increases the survival of patients 

affected with advanced disease (82). As such, the identification of novel molecular targets 

may help to usher in more efficacious therapeutic approaches.

A potential target recently described in SS is miR-183. This miRNA blocks the translation 

of two important tumor suppressors in SS cells: early growth response protein 1 (EGR1) 

and phosphatase and tensin homolog (PTEN) (83). The knockdown of miR-183 resulted in 

the upregulation of EGR1 and PTEN, which decreased tumor cell migration (83). In clinical 

practice, this may be translated into increased EGR1 and PTEN levels, thereby reducing 

tumor invasion and/or metastases. However, miR-183 has not been targeted clinically or in 

preclinical models of SS. In addition to miR-183, another miRNA with potential therapeutic 

value in SS is miR-17. This miRNA is overexpressed in SS and its transcription seems to 

be regulated by the fusion oncogene SS18-SSX fusion gene (84). Importantly, this miRNA 

acts as an oncomiR by targeting cyclin-dependent kinase inhibitor 1 (p21, CDKN1A), which 

inhibits the transition from the G1 into the S-phase of the cell cycle. As a result, cellular 

proliferation was boosted by the upregulation of miR-17, while cellular migration and 

invasion were not affected (84). Interestingly, antagomirs of miR-17 led to increased levels 

of p21 reducing cellular proliferation in SS cell lines [54]. Lastly, miR-143 is differentially 
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expressed in SS. This miRNA, as in DDLPS, is downregulated in SS and is predicted to 

target SSX1. SSX1 is a gene involved in the formation of the fusion gene SYT-SSX1, a 

defining characteristic of SS (85). Despite the promising results described above, the small 

number of studies and the lack of in vivo and preclinical validation have hampered any 

translation into clinical practice.

Rhabdomyosarcoma

RMS is the most common type of STS in children under 15 years of age and represents 5–8 

% of all pediatric malignancies (86). It typically arises from skeletal muscle but can also 

develop in the muscle of organs such as the bladder or uterus. RMS can be further classified 

into 4 major histological subtypes including (i) embryonal; (ii) alveolar; (iii) spindle cell; 

and (iv) pleomorphic (87). Embryonal and alveolar are the two most common subtypes 

and have very distinct tumor biology. Histologically, the “alveolar” subtype is composed of 

cells distributed around an open central space, while the “embryonal” subtype contains cells 

that resemble immature skeletal myoblasts (87). Molecularly, these two subtypes present 

remarkable differences as well. In fact, the alveolar subtype is often associated with the 

translocations t(2;13) and t(1;13) that lead to the formation of the fusion genes PAX3–

FOXO1 and PAX7–FOXO1, respectively (87). Such fusion proteins act as oncoproteins by 

dysregulating multiple cellular pathways that, in turn, induce a malignant transformation 

by promoting the loss of contact inhibition and gain of anchorage-independent growth and 

proliferation (87). However, a small but significant number of patients with the “alveolar” 

subtype do not harbor one of these translocations. Instead, these tumors harbor mutations 

in other genes associated with the activation of the RAS signaling pathway (87). As such, 

tumors from these patients are biologically and clinically more similar to “embryonal” RMS 

(87).

In addition to the “alveolar” and “embryonal” subtypes, “pleomorphic” and “spindle cell” 

RMS have been characterized. Pleomorphic RMS is a morphological variant of RMS that 

typically occurs in adults and presents cytological and molecular similarities with the 

pediatric “embryonal” subtype, while spindle cell/sclerosing RMS usually arises in the head 

and/or neck region, and seems to be more likely to carry specific somatic mutations in the 

oncogene MYOD1 (L122R) and have a poorer prognosis (87,88). Treatment of RMS is 

typically multimodal and consists of a combination of chemotherapy, radiotherapy, and/or 

surgery depending on the size and location of the primary tumor. Adult patients with RMS 

who show complete response to chemotherapy have a 5-year survival rate of 57 % compared 

with only 7 % for non-responders (89).

As with SS, miR-183 is also overexpressed in RMS. The knockdown of this miRNA 

leads to increased expression of two tumor suppressors, EGR1 and PTEN in human SS 

cell lines (83). Moreover, cellular migration is inhibited by the knockdown of miR-183, 

suggesting a potential application of this miRNA as a novel target for RMS (83). Another 

potential oncomiR in RMS is miR-27a (90). Specifically, this miRNA is upregulated in the 

alveolar subtype of RMS, where it functions to promote cellular proliferation and cell cycle 

progression by targeting retinoic X receptor alpha (RXRA) and retinoic acid receptor alpha 

(RARA) (90). Indeed, such genes encode for proteins that interact forming a heterodimer 
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that has the ability to inhibit cellular proliferation by regulating transcription via bondage 

to retinoic acid response elements (RAREs) (90). Overexpression of miR-27a resulted in 

reduced levels of RXRA and RARA in a panel of RMS cell lines and, as a consequence, 

in a significant increase in the proliferation rate that was paralleled by a decrease in the 

number of cells in the G1 phase of the cell cycle. In conclusion, these findings suggested 

that miR-27a may be a promising pharmacologic target to prevent the growth of RMS (90).

Two additional miRNAs with oncogenic properties in RMS include miR-9-5p and 

miR-486-5p (91,92). MiR-9-5p is upregulated in fusion-positive “alveolar” RMS, and 

its expression appears to be regulated by the PAX3-FOXO1 fusion transcription factor. 

Indeed, the downregulation of PAX3-FOXO1 through RNA interference (RNAi) in RMS 

cell lines showed a corresponding downregulation of miR-9-5p. Moreover, high levels of 

miR-9-5p were associated with worse survival in patients with RMS (91). Noteworthy, 

in vitro experiments in RMS cell lines revealed that miR-9-5p is implicated in cellular 

migration and metastasis (91). Like miR-9-5p, miR-486-5p is upregulated in “alveolar” 

RMS and is transcriptionally activated by the fusion transcription factor PAX3-FOXO1 

(92). In vitro experiments also revealed that miR-486-5p promoted proliferation, invasion, 

and clonogenic growth in fusion-positive RMS cell lines (92). Importantly, inhibition of 

miR-486-5p in fusion-positive RMS xenografts decreased tumor growth, strongly indicating 

the importance of this miRNA in the development and progression of RMS (92). In contrast 

to these oncogenic miRNAs, miR-221 seems to be repressed by PAX3-FOXO1 and thereby 

loses its function as a tumor suppressor by targeting oncogenes such as CCND2, CDK6 

and ERBB3 (92). Taken together, these studies demonstrate that the fusion transcription 

factor PAX3-FOXO1 regulates key miRNAs that drive the development, differentiation, and 

progression of fusion-positive alveolar RMS. Whether these downstream miRNA targets 

of PAX3-FOXO1 can be targeted for potential clinical applications is an area of active 

investigation.

In addition to the aforementioned oncomiRs, other miRNAs are downregulated in RMS 

and function as tumor suppressors. A first example is miR-378a-3p (93). This miRNA 

targets insulin-like growth factor receptor 1 (IGF1R), which is a crucial receptor in the 

AKT signaling pathway involved in cellular proliferation and myogenic differentiation. 

Indeed, the overexpression of miR-378a-3p reduced the expression of IGF1R, which in turn 

promoted apoptosis via blockage of the AKT pathway and induction of caspase 3 (93). 

Taken together, these results indicate a potential clinical application of miR-378a-3p mimics 

to reduce cellular proliferation and enhance apoptosis.

Additional examples of miRNAs that function as tumor suppressors in RMS include 

miR-1 and mir-206 (94-96). These miRNAs reduce the protein expression of PAX3 in the 

embryonal subtype of RMS, but not in the alveolar subtype since, in the latter, the presence 

of the PAX3-FOXO1 fusion gene hampers the regulation of PAX3 by these miRNAs (94). 

Additional experiments in xenograft mouse models also revealed that the re-expression 

of miR-206 in RMS cells promotes myogenic differentiation and blocks tumor growth 

by targeting the well-known oncogene MET (95). Furthermore, low miR-206 expression 

has been associated with poor overall survival in patients with metastatic embryonal and 

alveolar RMS lacking the PAX3/7-FOXO1 fusion genes (96). A more recent study found 
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that miR-206 targets PAX7, PAX3, NOTCH3, and CCND2, which are responsible for 

differentiation blockade in fusion-negative RMS but not in fusion-positive RMS (97). 

Specifically, they determined that PAX7 downregulation is required for cell cycle exit and 

myogenic differentiation induced by miR-206 (97). Importantly, the genetic deletion of 

miR-206 in a mouse model of fusion-negative RMS boosted tumor development, indicating 

that miR-206 acts as a tumor suppressor in fusion-negative RMS by downregulating PAX7 

(97).

Taken together, these findings indicate that miR-206 mitigates the differentiation arrest in 

fusion-negative RMS and that replacement of miR-206 could be a therapeutic differentiation 

strategy (97). In addition to PAX3/PAX7 and MET, miR-1, miR-206, and miR-29 act 

as tumor suppressors by repressing the translation of cyclin-D2 (CCND2). CCND2 is a 

cell-cycle protein that controls how cells proceed through the cell cycle and cell division 

and is upregulated in several malignancies (94). In addition, miR-29 has also been shown 

to target the transcription factor E2F7, which is involved in DNA repair and cell cycle 

regulation (94). Taken together, miR-29, miR-1, and miR-206 act as tumor suppressors, and 

perhaps their pharmacologic mimics could be an attractive approach for the treatment of 

RMS.

Angiosarcoma

AS is a rare and highly aggressive malignant tumor originating from the lymphatic or 

vascular endothelial cell (98). It accounts for less than 2% of all STS and principally affects 

adult and elderly patients (99). As a clinically and genetically heterogeneous subgroup of 

sarcomas, AS may occur in any anatomic location, with the most common sites being 

cutaneous lesions usually located in the head and neck regions (99). AS is an infiltrative 

tumor with a characteristic high rate of local recurrence and distant metastasis. The reported 

rates of advanced/metastatic disease at presentation vary from 16 to 44%, and the overall 

survival ranges from 6 to 16 months (100). Histological examination is essential for the 

diagnosis of AS, and immunohistochemical confirmation is required (99). Due to the 

rarity of these tumors, a delay in diagnosis can make treatment more challenging. AS 

is characterized by aggressive tumor biology and, despite multimodal therapy (surgery/

radiation/systemic therapy), is often lethal. As such, the identification of novel therapeutic 

agents to treat AS remains a significant unmet clinical need.

One miRNA that may hold promise in this regard is miR-497-5p. This miR-497-5p is 

downregulated in AS and acts as a post-transcriptional regulator of KCa3.1, a potassium 

intermediate conductance calcium-activated channel (101). This channel is involved in 

cancer cell proliferation and invasion and is upregulated in AS. Overexpression of 

miR-497-5p in AS cell lines resulted in decreased levels of KCa3.1 which led to impaired 

proliferation, reduced cellular migration and halted cell cycle (101). Mechanistically, these 

effects are a result of the downregulation of CCND1 and p53, which are all important to the 

progression through the cell cycle (101). Clinically, this may be translated by introducing 

miR-497-5p as a novel therapeutic agent to inhibit KCa3.1 and ultimately prevent tumor 

growth. However, to the best of our knowledge, this is the only study reporting the biological 

properties of miR-497-5p in regulating cell cycle and invasion in AS. Therefore, future 
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studies will be necessary to attract the attention to this miRNA as a potential therapeutic 

agent for patients affected by AS. Another example of a novel potential therapeutic miRNA 

for AS comes from a more recent study published in 2018. In this paper, the authors reported 

a miRNA, miR-340, that was downregulated in AS when compared with normal controls 

(102). This miRNA seems to regulate the growth and invasion of AS cells by targeting the 

mRNA encoding for Sirtuin 7 (SIRT7), a gene that plays a critical role in diverse biological 

processes, including senescence, stress resistance, and tumorigenesis, by promoting cell 

proliferation and cell cycle progression while inhibiting apoptosis (102). Indeed, the induced 

overexpression of miR-340 in AS cell lines inhibited their growth and invasion (102). The 

authors concluded by saying that the miR-340/SIRT7 pathway may play an important role in 

the development of AS and pointed out the potential applicability of miR-340 and SIRT7 as 

novel therapeutic targets for the AS treatment (102). However, significant limitations exist, 

and like other forms of STS, in vivo models have not been used to validate the importance of 

this axis in AS tumorigenesis.

Noteworthy, two significant research articles pointed out the importance of DICER1, 

a crucial RNase involved in miRNA biogenesis, in driving the development of AS 

and metastasis formation (103,104). In a genetically engineered mouse model with a 

biallelic DICER1 deletion, the invasiveness and metastatic ability of AS was increased 

and, importantly, was independent from other oncogenes or tumor suppressor loss (103). 

Moreover, the authors found out that DICER1 functions as a strong tumor suppressor and 

that its deletion, in combination with either KRAS G12D expression or CDKN2A loss, was 

associated with the development of AS (104). These studies highlight the role of DICER1 

as a crucial tumor-suppressor in AS, whereby inactivating mutations in DICER1 result in 

the development and metastases of AS. Importantly, these studies confirm the importance of 

miRNAs in regulating gene expression. In fact, when their biogenesis is altered, this results 

in a cancer predisposition syndrome which increases the risk of many additional tumor types 

(103).

Malignant peripheral nerve sheath tumor

MPNST is a rare malignancy (5% of STS) originating from the Schwann cells of peripheral 

nerves. It is locally aggressive and has an increased propensity to metastasize (105). While 

rare, they are common in individuals with the hereditary condition of neurofibromatosis 

type 1 (NF1). In these patients, the lifetime risk of developing MPNST approaches 10% 

(105). Establishing the diagnosis of MPNST can be challenging. In contrast to other types of 

STS, there is no genetic or immunohistochemical marker that is unique to MPNST. When a 

specimen clearly comes from a nerve, the diagnosis is clear. However, in other instances, a 

variety of immunohistochemical stains may be required to distinguish between MPNST and 

other sarcomas (106). Treatment of these patients is challenging as well. Indeed, the location 

of the tumor may limit surgical options and chemotherapy is largely ineffective (106).

A gene that drives the development of MPNST is the histone methyltransferase, enhancer 

of zeste homolog 2 (EZH2). Elevated expression of EZH2 has been observed in MPNST 

compared to healthy nerves and neurofibromas (107). EZH2 binds with two other molecules 

to form polycomb-repressor complex 2 (PRC2), and it functions in normal tissue to repress 
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gene transcription (108). However, mutations in the EED and SUZ12 gene regions that 

encode parts of the PRC2 complex lead to the inactivation of this complex in MPNST 

(109,110). Given the role of the PRC2 complex in promoting MPNST tumorigenesis, 

additional regulators of this axis have been sought.

One such regulator is miR-30d. This miRNA is transcriptionally regulated by EZH2, 

which represses its transcription by binding its promoter region (107). In normal tissue, 

miR-30d targets the mRNA encoding for the importin subunit beta-1 (KPNB1), suppressing 

its translation. Interestingly, the blockage of KPNB1 resulted in apoptosis induction in 

MPNST cells, a similar phenomenon that is observed with miR-30d overexpression and 

EZH2-knockdown (107). Taken together, the authors concluded that the EZH2/miR-30d/

KPNB1 signaling might be a prognostic target for patients with MPNST.

Another miRNA that is important to the tumor biology of MPNST is miR-34a. This 

miRNA mediates several genes that take part in the regulation of proliferation and cell 

cycle progression (111). However, its expression is downregulated in MPNST because of 

the inactive mutations in p53. In normal tissue, p53 positively regulates the expression of 

miR-34a. Importantly, in-vitro experiments in MPNST cell lines overexpressing miR-34a 

and p53 showed an enhanced apoptosis (112). Another miRNA that is less expressed in 

MPNST is miR-29c (113). This miRNA negatively regulates the matrix metalloproteinase 

2 (MMP-2). MMP-2 is a protein that functions in the extracellular matrix by degrading 

glycoproteins and collagens and is important for cell migration and tumor invasion. As 

expected, the upregulation of miR-29c in MPNST cell lines resulted in reduced cellular 

invasion due to the reduced activity of MMP-2 (113). However, cellular proliferation 

remained unaltered (113). These results suggest a potential application of this miRNA as 

a way to decrease the invasiveness and metastatic ability of MPNST.

Lastly, miR-21 is a miRNA that is upregulated in MPNST and prevents apoptosis by 

targeting the mRNA encoding for the tumor suppressor programmed cell death protein 4 

(PDCD4). In benign neurofibromas and normal peripheral nerves, the expression of PDCD4 

is typically higher than in MPNST, and it regulates apoptosis via caspase cascade. However, 

its expression goes down in MPNST, causing resistance to apoptosis. One of the reasons 

for the downregulation of PDCD4 in MPNST seems to be the upregulation of miR-21. 

Indeed, in-vitro experiments showed the inhibition of miR-21 in MPNST cell lines resulted 

in elevated expression of PDCD4, which in turn induced apoptosis (114). These results 

seem to suggest a possible application in the clinical practice of anti-miR-21 that induces 

apoptosis by restoring the levels of PDCD4. In conclusion, as also in other STS subtypes, 

several miRNAs with relevant biological functions such as cellular proliferation, invasion, 

differentiation, and apoptosis have been found dysregulated in MPNST.

Future Perspectives: the role of tRNA-derived ncRNAs in soft tissue 

sarcoma tumor biology

It is important to note that miRNAs are not the only regulatory sncRNAs that have been 

identified. To date, the studies in LPS and other STS subtypes are uniquely focused 

on miRNAs, while other classes of regulatory sncRNAs that might have a pivotal role 
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in the development and progression of STS have been omitted. An emergent class of 

biologically important sncRNAs is the tsRNAs. These regulatory sncRNAs originate from 

tRNA processing and are often classified according to the location of the cleavage sites 

within the tRNA. More broadly, tsRNAs are divided into two main classes: (i) tRNA-derived 

fragments type 1 (tRF-1s), which derive from the precursor of the tRNA (pre-tRNA); and (ii) 

stress-induced tRNA fragments (tiRNAs), together with the tRNA-derived fragments (tRFs), 

which both derive from the mature tRNA (115,116). More details about their biogenesis and 

classification can be found in (115,116) while a schematic representation of the different 

classes of tsRNAs is reported in Figure 3.

Functionally, tsRNAs appear to play several important roles in the physiology of eukaryotic 

cells and are involved in important biological processes like ribosome biogenesis, 

retrotransposition, viral infection, and apoptosis (10,117-125). Furthermore, some classes 

of tsRNAs (e.g., tRF-1s) have been shown to bind AGO and PIWI proteins, thereby acting 

as post- or pre-transcriptional regulators of gene expression (122,126). In addition, other 

reports have also indicated the presence of functional tsRNAs in human bio-fluids of cancer 

patients (127-131). For these reasons, the scientific community has begun investigating the 

role of these regulatory sncRNAs as biomarkers and screening tools for cancer development. 

In this context, one of the first reports showing the involvement of tsRNAs in cancer 

comes from Croce et al., who noticed that two miRNAs (miR-4521 and miR-3676) were 

located exactly at the end of the mature sequence of two different tRNAs (132). Indeed, 

such miR-4521 and miR-3676 were not exactly miRNAs by tRF-1s (ts-53 and ts-101, 

respectively) who were able to target in a miRNA-like manner the mRNA encoding for 

TCL1, a critical oncogene that contributes to the pathogenesis of the aggressive form of 

CLL (122). Noteworthy, such tRF-1s were found to be both co-deleted with TP53, down-

regulated, or mutated in CLL (122).

Following these reports, subsequent studies have been performed with the goal of defining 

the role of tsRNAs in human cancer. These studies have focused on (i) identifying 

genes targeted by tsRNAs, (ii) and reporting tsRNAs as novel diagnostic and prognostic 

biomarkers for multiple human cancers (17). However, no studies have been reported about 

tsRNAs in LPS or other STS subtypes. As a research team studying the role of sncRNAs 

in cancer biology, we believe that tsRNAs may play a pivotal role in the development 

and differentiation of LPS and other STS. Recent research has shown that tRFs can affect 

stemness and embryo development in mammals (133). As such, it is reasonable to speculate 

that such important regulatory sncRNAs may also regulate the differentiation of STS cells, 

thereby providing a more complete picture of the molecular differences that drive the 

disparate tumor biology of distinct STS subtypes.

Conclusion

In summary, given the role that miRNAs play in orchestrating gene expression at the 

post-transcriptional level by regulating the translation of specific mRNA targets, they have 

been studied in several human cancers, including LPS and other STS subtypes. Although 

limited in number, these studies have shown that widespread dysregulation of miRNAs in 

STS affects many aspects of cancer cell biology, including cell cycle progression, migration, 
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invasion, and apoptosis. Moreover, several studies demonstrate how the expression of 

miRNAs can be used to distinguish between different STS subtypes. In addition, miRNAs 

could be used to determine prognosis and guide management. Finally, their presence in 

biological fluids is well-established and supports the development of circulating miRNAs as 

non-invasive biomarkers for the early detection of select STS subtypes. Despite promising 

results, the translation of these findings into novel clinical tools has been limited. In fact, no 

clinical trial using miRNA-based approaches for the diagnosis or treatment of STS has been 

conducted. In addition, additional investigation into the role of tsRNAs in STS may provide 

important insights into the molecular underpinnings of STS tumor biology. Indeed, a more 

comprehensive view of the landscape of multiple classes of regulatory sncRNAs will provide 

a better understanding of the complex regulatory networks in STS cells and help to identify 

novel biomarkers and molecular targets for the treatment of STS.
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Figure 1. 
Soft Tissue Sarcomas. Schematic representation of the main Soft Tissue Sarcoma 

histological subtypes and their originating tissues.
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Figure 2. 
Non-coding RNA’s classification and microRNA biogenesis. A, Diagram showing the 

most common classification of the different classes of non-coding RNAs. B, Schematic 

representation of the microRNA biogenesis and their mechanism of action in regulating 

gene expression at the post-transcriptional level by targeting the 3’ Untranslated Region of 

specific mRNAs.
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Figure 3. 
tRNA-derived ncRNA classification. Schematic representation of the different types of 

tRNA-derived ncRNAs based on the location of their cleavage sites on either the precursor 

or mature tRNA.
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Table 1.
Dysregulated microRNAs in liposarcoma.

Table showing the most relevant microRNAs found differentially expressed in WD\DDLPS.

microRNA Expression LPS subtype Reference

miR-155 up DDLPS Zhang P, et al. Cancer Res. 2012.

miR-26a-2 up WD/DDLPS Lee DH, et al. Oncogenesis. 2013.

miR-143 down DDLPS Ugras S, et al. Cancer Res. 2011.

miR-193b down DDLPS Mazzu YZ, et al. Cancer Res. 2017.

miR-133a down DDLPS Yu PY, et al. Cancer Cell Int. 2018.

miR-145 down WD/DDLPS Gits CM, et al. Int J Cancer. 2014.

miR-451 down WD/DDLPS Gits CM, et al. Int J Cancer. 2014.
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Table 2.
OncomiR and tumor-suppressor microRNAs in liposarcoma.

Table reporting the most relevant microRNAs acting either as oncogene or tumor-suppressor in the context of 

liposarcoma with their target genes and regulated biological functions.

microRNA microRNA type Targets Regulated function LPS subtype Reference

miR-155 oncomiR CK-1α Cell cycle DDLPS Zhang P, et al. Cancer Res. 2012.

miR-26a-2 oncomiR RCBTB1, HOXA5
Cell proliferation, Apoptosis, 

Migration, Cellular 
differentiation

WD/DDLPS Lee DH, et al. Oncogenesis. 2013
Lee DH, et al. Sci Rep. 2015.

miR-143 Tumor-suppressor BCL2, PLK1, 
PRC1 Cell proliferation, Apoptosis, DDLPS Ugras S, et al. Cancer Res. 2011.

miR-145 Tumor-suppressor - Cell cycle, Cell proliferation, 
Apoptosis WD/DDLPS Gits CM, et al. Int J Cancer. 2014.

miR-451 Tumor-suppressor - Cell cycle, Cell proliferation, 
Apoptosis WD/DDLPS Gits CM, et al. Int J Cancer. 2014.

miR-193b Tumor-suppressor

FAK, SRC, 
CRKL, PDGFR, 
TGFβ, SMAD4, 

YAP1

Cellular differentiation, Cell 
proliferation, Apoptosis DDLPS Gits CM, et al. Int J Cancer. 2014.

Mazzu YZ, et al. Sci Rep. 2019.
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Table 3.
Dysregulated circulating microRNAs in liposarcoma.

Table showing the most relevant circulating microRNAs found differentially expressed in the biological fluids 

of patients affected by liposarcoma.

microRNA Expression Bio fluid LPS subtype Reference

miR-25-3p Up Plasma WD/DDLPS Casadei L, et al. Cancer Res. 2017

miR-92a-3p Up Plasma WD/DDLPS Casadei L, et al. Cancer Res. 2017

miR-1246 Up Serum DDLPS Kohama I, et al. Oncol Lett. 2021.

miR-4532 Up Serum DDLPS Kohama I, et al. Oncol Lett. 2021.

miR-4454 Up Serum DDLPS Kohama I, et al. Oncol Lett. 2021.

miR-619-5p Up Serum DDLPS Kohama I, et al. Oncol Lett. 2021.

miR-6126 Up Serum DDLPS Kohama I, et al. Oncol Lett. 2021.
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Table 4.
Dysregulated microRNAs in other Soft Tissue Sarcomas.

Tables reporting the most relevant microRNAs found differentially expressed in several different histological 

types of Soft Tissue Sarcoma (excluding liposarcoma) with their target genes.

microRNA Expression Target STS type Reference

miR-1 DOWN CCND2, PAX3 RMS Li L, et al. Lab. Investig. 2012.

miR-143 DOWN PRC1, PLK1, BCL2 SS Subramanian S, et al. Oncogene. 2008.

miR-152 DOWN MET, KIT LMS Pazzaglia L, et al. Cell. Oncol. 2017.

miR-199b-5p DOWN
UP - LMS

UPS Guled M, et al. Genes Chromosom. Cancer. 2014.

miR-206 DOWN CCND2, PAX3, PAX7, MET, NOTCH3 RMS

Li L, et al. Lab. Investig. 2012.
Taulli R, et al. JCI. 2009.

Missiaglia E, et al. Br J Cancer. 2010.
Hanna J.A, et al Cell Death & Disease. 2016.

miR-221 DOWN CCND2, CDK6, ERBB3 RMS Hanna J.A, et al. Oncogene. 2018.

miR-29 DOWN CCND2, PAX3, E2F7, MMP2 FS
RMS Kim J.H, et al. Chonnam Med. J. 2017.

miR-29c DOWN MMP2 MPNST Presneau N, et al. Br J Cancer. 2013.

miR-30d DOWN KPNB1 MPNST Zhang P, et al. J. Pathol. 2014.

miR-340 DOWN SIRT7 AS Wang X, et al. Biomed Pharmacother. 2018.

miR-34a DOWN - MPNST Subramanian S, et al. J. Pathol. 2010.

miR-378a-3p DOWN IGF1R RMS Megiorni F, et al. BMC Cancer. 2014.

miR-497-5p DOWN KCa3.1 AS Chen Y, et al. Oncotarget. 2016.

miR-17 UP CDKN1A SS Minami Y, et al. Cancer Sci. 2014.

miR-183 UP EGR1, PTEN RMS
SS Sarver A.L. et al. Cancer Res. 2010.

miR-21 UP PDCD4 MPNST Itani S, et al. J Cancer Res Clin Oncol. 2012.

miR-27a UP RARA, RXRA RMS Tombolan L, et al. PLoS ONE. 2015.

miR-320a UP
DOWN - LMS

UPS Guled M, et al. Genes Chromosom. Cancer. 2014.

miR-373 UP SIRT1, mTOR FS Liu P, et al. J. Cell Physiol. 2012.

miR-486-5p UP - RMS Hanna J.A, et al. Oncogene. 2018.

miR-520c UP SIRT1, mTOR FS Liu P, et al. J. Cell Physiol. 2012.

miR-9-5p UP - RMS Missiaglia E, et al. Cancer Letters. 2017.
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