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Cancer Cachexia (CC) is a disease that changes various metabolisms in human body. Fat metabolism is signifi-
cantly affected in CC, leading to fat loss. Non-coding RNAs (ncRNAs) in adipocytes and exosomes secreted by
tumor play an important role in fat loss. However, there is no related reviews summarizing how ncRNAs
contribute to fat loss during CC. This review screens recent articles to summarize how ncRNAs are packaged,

transported in exosomes, and play the role in fat loss. Not only does this review summarize the mechanisms, we
also point out the research orientations in the future.

1. Introduction
1.1. Cancer Cachexia

Cancer cachexia (CC) is a multifactorial, multiple organ syndrome
with skeletal muscle mass loss caused by cancer (presence or absence of
fat loss), while conventional nutritional support cannot be completely
reversed [1]. Fat loss is one of the most prominent features of CC, and its
mechanisms are mainly related to fat degradation, fatty acid oxidation,
white adipocyte browning, lipid production and storage, and adipo-
genesis [2]. Studies have shown that the occurrence and development of
fat loss during CC are a multi-factor, multi-step process, which are the
result of mutual induction and joint effects of factors such as reducing
food intake, systemic inflammatory response, and metabolic abnor-
malities [3,4].With the goal of more precise targeted therapy and good
prognosis, researchers gradually reveal non-coding RNA-mediated fat
loss during CC by exploring further mechanisms.

1.2. Non-coding RNAs

Non-coding RNA (ncRNA) is a functional RNA molecule that is not
translated into protein. It can be divided into two categories: house-
keeping ncRNAs and regulatory ncRNAs. Among them, regulatory
ncRNAs include long non-coding RNAs (IncRNAs), microRNAs (miR-
NAs), circular RNA (circRNA), etc [5].
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IncRNAs, the minimum size limit of 200 nt, can recruit regulatory
complexes to affect gene expression through RNA-protein interactions
[6], and three mechanisms have been summarized to explain IncRNAs
targeting chromatin: 1) InRNAs get targeted to chromatin by interacting
with proteins having RNA or DNA binding capability. 2) InRNAs form
triple helix nucleic acid structures by interacting with double-stranded
DNA in order to target specific complementary sequences directly in
the genome to perform its regulatory functions. 3) InRNAs form R-loop
which can affect gene expression or interact with gene locus [7].

In short ncRNAs, miRNA is a short, non-coding RNA molecule of
19-25 nucleotides long, usually paired with incomplete complementary
bases of the 3'-untranslated region. It regulates gene expression by
inhibiting mRNA translation and reducing mRNA stability [8]. In the
case of cancer, however, there are many miRNA expression disorders. In
recent years, a large number of studies have concluded that the disorders
of miRNAs in cancer are mainly related to the methylation status of
miRNA promoters, the function and/or expression of enzymes associ-
ated with miRNA biogenesis, and changes in transcription factor activity
[9-12]. According to the different roles of miRNAs in regulating cancer,
they are divided into tumor-suppressor miRNAs and carcinogenic miR-
NAs (oncomiRs). Generally, oncomiRs are over-expressed in cancer,
while tumor suppressor miRNAs are under-expressed.

Covalently blocked circRNA is produced by reverse splicing of the
precursor mRNA of exons of thousands of genes in eukaryotes [13].
circRNAs are known to function as miRNA sponges [14,15], regulating
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transcription and splicing [16], and producing peptides by translation
[17].

The levels of ncRNAs are related to cancer development and
metastasis. On the one hand, the dysregulation of ncRNAs regulates the
proliferation, cycle, apoptosis, migration, and invasion of cancer cells
through specific pathways [18,19]. On the other hand, it acts on the
external factors of cancer cells [20,21]. Cancer cells actively commu-
nicate with the surrounding microenvironment to support malignant
progress. Exosome, a class of extracellular vesicles between 40 nm and
100 nm, plays a key role in intercellular communication and regulate
recipient cells by transmitting their contents, including proteins and
nucleic acids [22]. Therefore, the dysregulation of ncRNA caused by
cancer not only acts on the tumor microenvironment to promote or
inhibit the development and metastasis of cancer under the transmission
of exosomes [23,24], but also affects other cells including skeletal
muscle cells, adipocytes, throughout the body to induce skeletal muscle
mass loss and fat loss [25,26].

1.3. Fat metabolism

Adipose tissue can be divided into white adipose tissue (WAT),
brown adipose tissue (BAT) and beige adipocyte. Commitment of
mesenchymal stem cells (MSCs) to preadipocytes and terminal differ-
entiation of preadipocytes toward mature adipocytes are the two phases
of adipogenesis [27]. This process is caused by the sequential activation
of a series of transcription factors. The essential ones are two families,
CCAAT enhancer binding protein (C/EBPS) and peroxisome prolifera-
tion activated receptor (PPAR) [28].

WAT is composed of white adipocytes containing unilocular lipid
droplet which stores triacylglycerol esterified from fatty acids (FAs).
Many factors can promote the breakdown of WAT such as adipose tri-
glyceride lipase (ATGL), hormone sensitive lipase (HSL), monoglyceride
lipase, cell death induced DNA fragmentation-factor-o-like effector A
(CIEDA) and lipolysis related genes [29]. Elevated levels of catechol-
amines and natriuretic peptides activate the protein kinase A (PKA) and
protein kinase G (PKG) pathways when it comes to an energy demanding
environment and tumor-derived factors such as IL-6 acting on down-
stream mediators function through PKA [29]. Thus, phosphorylating
perilipin A promotes the translocation of HSL from cytoplasm to lipid
droplet and it disassociates from comparative gene identification 58
(CGI-58), unbinding ATGL to GOG1 switch protein (GOS2) resulting in
lipolysis [30].

BAT and beige adipocyte are rich in mitochondrion expressing
uncoupling protein 1 (UCP1) in a high level which produces heat
through adenosine triphosphate (ATP) oxygen-dephosphorylation. BAT
is of the same lineage as myocytes, and its differentiation process can be
regulated by PPARy, PPARy coactivator —1 alpha (PGC-la) and the
transcription factor PR domain containing 16 (PDRM16) interacting
with C/EBPp to promote the expression of UCP1 [31]. During CC, the
levels of TNF-a, IL-6, IL-1, zinc-a2-glycoprotein (ZAG) are elevated,
which upregulate oxidative genes in the mitochondria that promote the
formation of brown adipose tissue [29]. The expression change of UCP1
is the main manifestation of WAT browning. When stimulated by the
outside world, WAT expresses UCP1 and other thermogenic genes, and
UCP1-positive multilocular cells appear in the area, which promotes
energy consumption throughout the body and exerts a similar effect to
BAT [32].

2. Changes of ncRNA expression in exosomes during cancers

Exosomes have multiple roles in cancer and CC. Wang S. et al. found
that exosomes in lung cancer were internalized by human adipose tissue
mesenchymal stem cells (hAD-MSCs) and significantly inhibited adipo-
genesis of hAD-MSCs through the transforming growth factor-p (TGF-p)
signaling pathway [33]. However, if Lewis lung cancer cells are
inhibited from producing and releasing exosomes, lipolysis and adipose
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tissue browning can be inhibited [34]. In some cases, the exosomes
produced and released by cancer cells may play an important role in
causing CC.

The levels of ncRNAs in exosomes change differently in patients with
different cancers. For instance, researchers detected 79 exosomal RNAs
whose levels were significantly higher than normal in stage I gastric
carcinoma (GC) patients [35]. Researchers measured the RNA profiles of
osteosarcoma cell lines and osteosarcoma-derived exosomes and found
10 down-regulated miRNAs and 11 up-regulated miRNAs in exosomes
[36]. In addition, the expression of six exosomal IncRNAs were signifi-
cantly up-regulated during colorectal cancer [37]. A IncRNA,
LINCO00161 was found significantly upregulated in hepatocellular car-
cinoma patients and showed excellent stability and specificity [38]. The
researchers identified circRNA microarrays for frozen tumors of esoph-
ageal squamous cell carcinoma and two circRNAs could be found in
exosome [39]. Another results of high-throughput sequencing data
indicated that 105 exosomal circRNAs in plasma of lung adenocarci-
noma patients were up-regulated and 78 were down-regulated [40].

Different types and degrees of ncRNA expression disorders are
caused by different kinds of cancer. Disordered ncRNAs can affect the
ncRNA content in other cells throughout the body under the trans-
mission of exosomes, thereby inducing skeletal muscle mass loss and fat
loss. A 2018 review innovatively summarized miRNAs that are dysre-
gulated in various cachexia and cause skeletal muscle depletion and
named ‘AtromiRs’ [41].So, we believe that there are also a series of
ncRNAs that not only have dysregulated expression in a variety of
cancers, but also cause fat loss.

3. Formation and sorting mechanism of exosomes
3.1. Formation of exosomes

Exosomes are a class of extracellular vesicles between 40 and 100 nm
surrounded by lipid bilayer rich in sphingolipids which contain proteins
and nucleic acids, and transmit information [22]. Exosomes are envel-
oped in multivesicular bodies formed in cells. After those multivesicular
bodies are fused with the cell membrane, the intracapsular vesicles are
released into the extracellular environment and become exosomes [42].

3.2. Cargo sorting mechanism of exosomes

Exosomes separate target proteins and RNAs mainly through three
pathways, namely ESCRT, lipid raft and RNA-binding protein-related
pathways [43]. ESCRT system includes 4 kinds of protein complexes
named ESCRT-0, ESCRT-I, SCRT-II and ESCRT-III, which have UBDs
(ubiquitin combines domain) to combine with modified protein.
ESCRT-0 has four UBDs to form a larger complex with low affinity and
multiple binding domains [44].Tsg101 and sub UBAP1 are core subunits
of ESCRT-I and associated with ubiquitin directly. Studies show that
ESCRT-II is likely to be independent of others. Vps36, sub domain of
ESCRT-II, relies on membrane cholesterol improving efficiency and
combine with mRNA 3 ‘UTR to involve in RNA sorting [45]. Effect of
ESCRT-III is not very clear and the interaction between complexes re-
mains to be explored.

Lipid raft is found both in cell membrane and exosomes which pro-
vides new ideas. According to a research, neutral sphingomyelinase
catalyze the formation of a large amount of ceramide, and ceramide can
involve in the classification and selection [46].

RNA-binding proteins act as transporters by binding to specific RNA
sequences. For example, HnRNPA2B1 binds with miRNAs or IncRNAs by
identifying CCGA or CCCU [47]. YBP1 is a hnRNP that interacts with the
hairpin ring of retrovirus RNA to keep the virus stable [48].

4. Transport and reception of exosomes

Exosomes transport contents to cells by means of justacrine
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secretion, paracrine secretion, and internal secretion. In internal secre-
tion, exosomes enter the blood and lymph fluid to bind to specific cells in
circulation. They either anchor ligands through the surface membrane,
or act on cells through receptor-mediated endocytosis [49].

A large number of exosomes in the serum of patients with CC lead
scientists to explore their role in the cell-cell communication. The
reception of exosomes is a multiple process while the primary uptake is
endocytic pathway which includes caveolin-mediated uptake, lipid raft-
mediated internalization and so on. Exosomes can also fuse with cell
membranes directly [50]. Chemotaxis of exosomes makes them
concentrate on a certain tissue to regulate the growth, development and
apoptosis of target cells including mesenchymal cells, tumor vascular
associated endothelial cells, and adipocytes [51]. It suggests that cancer
cells can act on fat cells in specific way such as endoplasmic reticulum
stress to cause fat loss.

5. The role of IncRNAs in fat loss during CC

Lipid degradation, fatty acid oxidation and enhanced browning of
WAT, lipid production, lipid storage, and adipocyte reduction are
important factors that cause fat loss [52]. ncRNAs are encapsulated into
exosomes and transported to target cells to perform functions. IncRNAs
appear as a regulatory factor of adipose tissue including adipogenesis,
browning of WAT and so on [53] (Fig. 1).

5.1. Exosomal IncRNA-induced fat loss during CC

Research showed that the level of exosomal IncRNA H19 increased
and the exosome was absorbed by the target cells in the colorectal
cancer mouse model [54]. It has been reported that IncRNA H19 is
associated with brown adipose tissue (BAT) activation in mice and
humans to promote brown adipocyte differentiation, which enables the
host to maintain insulin sensitivity and avoid excessive deposition of fat
[55]. Kunli et al. found that IncRNA H19 could bind with miR-30a as a
sponge or a ceRNA and inhibited the negative regulation of miR-30a on
C8orf4 mRNA, thereby increasing C8orf4, reducing PPAR-y and CEBP-a
protein levels, and interfering with lipid accumulation [56].

In the patient of early-stage-non-small-cell lung cancer, the level of
IncRNA GASS in cancer-derived exosomes is much higher than that in
healthy humans and advanced-stage-non-small-cell lung cancer patients
[57]. IncRNA GASS5 has been shown to bind to miR-21 in breast cancer
cells [58]. Liu et al. [59] found that the overexpression of IncRNA GAS5
could reduce miR-21-5p level and inhibit the generation of 3T3-L1 cells.
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Further, miR-21-5p regulated the expression of phosphatase and tensin
homolog (PTEN), and then the miR-21-5p/PTEN signaling pathway
could suppress adipogenesis.

5.2. Intracellular IncRNA-induced fat loss during CC

Adiponectin (AdipoQ), a hormone has a positive effect on lipid
metabolism. Dorota Diakowska et al. [60] reported that the serum levels
of AdipoQ in cachexia patients with malignant tumors of the digestive
tract were lower than normal. It indicates that the reduce of AdipoO may
cause the fat loss during CC. AdipoQ antisense (AS) IncRNA is an
antagonistic RNA of AdipoQ mRNA which forms an AdipoQ AS
IncRNA/AdipoQ mRNA duplex. As a result, the transcription of AdipoO
mRNA is weakened, which reduces the level of AdipoQ and inhibits fat
deposition [61].

Lei Shen et al. found that cachexia-related anti-adipogenesis IncRNA
1 (CAAlnc1) was an inhibitory regulator of adipogenesis by means of
preventing the binding of HuR antigen (HuR) and adipogenic tran-
scription factors (TFs) required for adipogenesis [62]. The interaction
between CCAlncl and HuR regulates the expression of C/EBP-a and
PPAR-y, therefore, the adipogenesis is cut down [63]. Another key
IncRNA involved is VLDLR antisense RNA 1 (VLDLR-AS1) which can
interact with 14 potential miRNAs and affect some pathways such as
Wnt/p-catenin signaling pathway. However, vital target coding genes
and specific functions are not explored which can be a promising
orientation [64].

6. The role of miRNAs in fat loss during CC

Recent studies on miRNA-mediated fat loss during CC can be roughly
divided into two categories, some of which focus on the ncRNAs in
exosomes acting on target cells, leading to fat loss; while some aim to
explore the mechanism of intracellular miRNA inducing fat loss during
CC (Fig. 2).

6.1. Exosomal miRNA-induced fat loss during CC

The expression of some exosomal miRNAs is changed in cancer cells
during CC, and then they are packaged into exosomes. After they are
transported to and received by target cells, they induce fat loss through
multiple pathways. MiR-92a-3p is highly expressed in exosomes of
chronic myelogenous leukemia cells and some other cachexia-causing
cancers. The miRNA is transferred to adipose-derived mesenchymal

Fig. 1. The changed expression level of
exosomal and intracellular IncRNAs leads
to fat loss during CC.

Exosomal IncRNAs from tumor cells always
bind with specific microRNAs as a sponge to
weaken their function. IncRNAs changed in
adipose tissue can bind with a protein or a
mRNA to promote fat loss. Some of these
IncRNAs effect the genes related to adipo-
genic differentiation, while some down-
regulate two vital proteins of adipogenesis,
PPAR-y and C/EBPa. An antisense IncRNA
can suppress the expression of mRNA and
then reduce the level of hormone about lipid

N metabolism.
IncRNA GAS51
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stem cells (ADSCs) through exosomes, which then reduce C/EBPa
expression to inhibit adipogenesis of ADSCs [65]. Another study found
that in breast cancer exosomes, miRNA-144 induced beige/brown dif-
ferentiation and enhanced the catabolism of adipocytes by
down-regulating the MAP3K8/ERK1/2/PPARy axis [66]. In addition,
co-culture experiments of breast cancer cells and mature adipocytes
showed that miR-155 in exosomes secreted by cancer cells could pro-
mote the beige/brown differentiation of adipocytes and metabolism by
down-regulating PPARy expression [26,67].

6.2. Intracellular miRNA-induced fat loss during CC

Currently, there are a few experimental researches on exosomal
miRNA-induced fat loss during CC, while intracellular miRNAs have also
received the attention of researchers. Researchers found that expression
of miR-483-5p/-23a/-744/-99b was downregulated, whereas miR-378
was significantly upregulated in cancer subcutaneous adipose tissue in
patients with CC. When miR-378 was overexpressed in adipocytes dur-
ing CC, catecholamine was able to stimulate lipolysis more strongly.
When the expression was inhibited, not only lipolysis, but also the
expression of LIPE, PLIN1 and PNPLA2 which encoding important
lipolytic regulators, was declined [68].

The expression of miR-23a and miR-483-5p was downregulated
during CC [68]. There are no studies have discovered the mechanism of
miR-23a and miR-483-5p on fat loss during CC. Nevertheless, other
related studies on fat metabolism may predict the mechanism of
miR-23a and miR-483-5p inducing fat loss. miR-23a played a critical
role in conjugated linoleic acid-induced apoptosis in adipocytes via
controlling APAF1 expression [69]. Furthermore, the up-regulated
miR-483-5p promoted adipogenesis by inhibiting the RhoA/ROCK1/-
ERK1/2 pathway [70]. Therefore, it can be boldly conjectured that
during CC, miR-23a expression is reduced and then induce adipocyte
apoptosis through APAF1. On the other hand, the expression of
miR-483-5p in adipose tissue is reduced, which may inhibit adipogenesis
through the RhoA/ROCK1/ERK1/2 pathway.

7. CircRNAs mediating fat metabolism

Some circRNAs regulate the expression level of miRNAs in target
cells through exosome transport and their own miRNA sponge action,
then, resulting in fat loss. A recent research found that circNrxn2 could
promote the browning of WAT by sponging miR-103 [71]. Hsa._-
circ_0010522, also known as ciRS-133, could interact with miR-133 in
preadipocytes to reduce miR-133 levels [72]. As a result, the expression

miR- 144T
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Fig. 2. The changed expression level of exo-
somal and intracellular miRNAs leads to fat
loss during CC.

The highly expressed exosomal miRNAs enter
target cells. The expressions’ change of exsomal
miRNAs and intracellular miRNAs lead to regu-
lating adipogenesis and lipolysis, inducing adi-
pose tissue inflammation, promoting beige/
brown differentiation, etc. Finally, changes of
exsomal miRNAs and intracellular miRNAs
expression lead to fat loss during CC.
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of PRDM16 was up-regulated, and UCP1 was also activated in pre-
adipocytes, which promoted the differentiation of preadipocytes into
brown-like cells. However, it has not been able to prove that these
circRNAs change in exosomes during CC.

8. Summary and prospect

Generally, the role of fat loss during CC is gradually noticed and
researched. We summarize the ncRNAs changed in exosomes and adi-
pocytes (Table 1). Exosomal ncRNAs are absorbed into adipocytes and
cause fat loss through inhibition of adipogenesis, lipolysis and beige/
brown differentiation at the method of regulating the level of associated
proteins. circRNAs and IncRNAs indirectly bind with specific miRNAs as
a sponge to adjust their transcription. On the other hand, intracellular
ncRNAs also play an important role in fat loss during CC.

However, researchers focused more on ncRNAs participating in
skeletal muscle consumption, but few on those participating in fat loss
during CC. As a result, ncRNAs causing fat loss during CC haven’t been
fully researched, and even the published researches in this field have
flaws. On one hand, IncRNA H19 and IncGAS5 were reported to be high-

Table 1
ncRNAs that participate in fat loss.
ncRNA Target(s) Function
Exosomal IncRNA H19  miR-30a/ interferes lipid accumulation
C8orf4
IncRNA miR-21a-5p/ Inhibits adipogenesis and lipid
GAS5 PTEN accumulation
miR-92a-3p C/EBPa inhibits adipogenesis
miR-144 MAP3KS8/ beige/brown differentiation,
ERK1/2/ catabolism of adipocytes
PPARy
miR-15 PPARy promotes beige/brown
differentiation of adipocytes
and metabolism
ciRS-133 miR-133/ differentiation of preadipocytes
PRDM16 into brown-like cells
Intercellular  AdipoQ AS AdipoQ mRNA  inhibits adipogenesis
IncRNA
CAAlncl HuR inhibits adipogenesis
VLDLR-AS1 fat loss
miR-378 lipolysis
miR-23a APAF1 adipocyte apoptosis
miR-483-5p RhoA/ inhibits adipogenesis
ROCK1/
ERK1/2
circNrxn2 miR-103 promotes browning of WAT
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level in exosomes of cancer patients. On the other hand, the expression
of miR-23a and miR-483-5p was downregulated during CC. Although
there are no studies have discovered the specific mechanism of them on
fat loss during CC, related articles have discovered the ways they
regulate lipid metabolism. Therefore, conjectures are made to summa-
rize the mechanisms which still need to be proved. VLDLR-AS1 and miR-
378 were screened by researchers to participate in fat loss during CC,
specific targets of them inducing fat loss are not discovered though. In
addition, ciRS-133 and circNrxn2 have been confirmed to act on miR-
NAs and cause fat loss, but there is no report that their contents are
changed during CC. It seems that they may not receive the attention of
researchers, or the biochemical detection technology in related fields
still needs to be improved. Frankly speaking, there are still many un-
known ncRNAs and mechanisms in fat loss during CC waiting to be
discovered and studied.

It is expected that future studies can further clarify the mechanism of
exosomal and intercellular ncRNAs in the occurrence and development
of fat loss during CC. Researching on drugs targeting ncRNAs in cells or
exosomes, and delivering drugs to target cells by encapsulating drugs
alleviating fat loss into exosomes, may be new strategies and research
directions for the treatment of fat loss during CC.
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