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The circular RNA (circRNA) is a covalently closed non-
coding RNA, recently with the widespread application
of high-throughput RNA sequencing bioinformatics
methods, a large number of circRNAs found in human
cells have been gradually discovered. It performs multiple
biological functions in the human body and participates in
the occurrence and development of different diseases such
as tumors [1]. Studies have found that circRNA is not easily
degraded by exonuclease RNase R, has a half-life of more
than 48 hours, can stably exist in eukaryotic cells, and its
structure is highly conservative and organized, timing,
disease-specific, and is expected to become a potential
tumor diagnostic marker and therapeutic target [2].

Multiple myeloma (MM) is a malignant clonal disease
that originates from plasma cells and is the second most
common malignant tumor of the blood system. It mainly
occurs in elderly patients, and multiple data show that
the first-line induction, consolidation, and maintenance
regimes based on new drugs can significantly improve the
overall response rate and overall survival of patients [3-4].
However, the challenges faced by clinicians in treatment
such as disease recurrence and multidrug resistance are
still common [5-6]. Therefore, in-depth research on
mechanisms of drug resistance are urgently needed to
improve the long-term prognosis of patients. CircRNA,
a special non-coding RNA, is a type of RNA molecule
that can be stably expressed and has a highly conserved
sequence, which is one of the hot spots in the field of cancer
research. This article will illustrate from the discovery
and biological function of circRNA, and then discuss the
research progress of circRNA in tumor and MM.

The Brief Introduction of CircRNA

In the 1970s, researchers first discovered single-stranded
covalently closed RNA in RNA viruses and named it
circular RNA (circRNA) [7,8]. Due to the limitation of

detection technology, the previously detected circRNA
expression levels are extremely low, and has always
been considered to be the product of abnormal RNA
splicing, which has no actual biological functions. In
recent years, with the development of gene sequencing
and bioinformatics analysis technology, nearly 100,000
circRNA sequencing results have been collected by
Circbase, CircNet, circ2Traits and other databases [9].
Salzman et al. [10] used RNA sequencing technology to
detect a large number of circRNA molecules in the bone
marrow, Hela cells and human embryonic stem cells (H9)
of children with acute lymphoblastic leukemia, confirming
that circRNA is widely present in human embryonic stem
cells and malignant cells. It has been confirmed that it is
a type of RNA that does not have a 5’ -end cap and a 3’
-end poly(A) tail structure. Its unique covalent bond ring
structure makes it not affected by RNA exonuclease, and
the expression is more stable and not easy to degrade [11].
A number of studies have confirmed that the abnormal
expression of circRNA is closely related to tumorigenesis,
metastasis, and response to treatment [12].

According to the different sequences, circRNA can
be divided into three categories [13]: exon circRNA
(ecircRNA), circularized intron circRNA (ciRNA) and
exon-intron circRNA (EIcircRNA). EcircRNA is composed
of exon transcribed RNA and is the most common circRNA,
including single exon circRNA and multi-exon circRNA
[14], mainly in the cytoplasm. CiRNA is composed of non-
coding RNA derived from introns, generally contains 2 or
more segments non-coding RNAs derived from introns,
mainly present in the nucleus [13,15]. ElcircRNA is
composed of two adjacent exons and the intron transcribed
between them. It was first discovered in human cells by
Li et al. [16] in 2015 and mainly exist in the nucleus. The
schematic diagram of circRNA generation is shown in
(Figure 1) [17].

] Clin Haematol. 2020
Volume 1, Issue 1

26



Wang D, Zhou F. The Research Progress of Circular RNA in Multiple Myeloma. ] Clin Haematol. 2020; 1(1):26-32.

—E—

ecircRNA

Figure 1: Biogenesis of circRNA; ecircRNA: exon circRNA; ElcircRNA: exon-intron circRNA; ciRNA: intron circRNA.
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The Biological Function of CircRNA

Unlike other non-coding RNAs, the special structure
of circRNA makes it having unique biological functions.
Researchers have detected abundant and stable circRNA
in human exosomes, and circRNA is expected to be a good
marker for tumor diagnosis and differential diagnosis
[12,18]. CircRNA mainly exerts its biological function
through sponge adsorption, cis-regulation of parent gene
expression, and participation in protein translation.

Sponge adsorption function

Adsorption of miRNA is the most important function of
circRNA. The sponge adsorption function refers to that
circRNA can adsorb and release its corresponding miRNA.
CircRNA contains a common miRNA reaction element
and is a type of competing endogenous RNAs (ceRNAs)
[19], which inhibits its biological function by competitively
binding miRNAs. There are multiple miRNA binding
sites on circRNA, and the ability of circRNA to adsorb
miRNA is stronger than other ceRNAs, so it is also called
“super sponge”. In 2013, two different research groups,
first demonstrated the sponge adsorption function of
circRNA at the same time [20,21]. The researchers found
that cerebellar degeneration-related protein 1 antisense
(CDRIlas) were mainly present in human and mouse brain
tissues, with a length of about 1500bp. Further research
found that ciRS-7/CDRlas and miR-7 had overlapping
co-expression. ciRS-7/CDRlas had more than 70 miRNA
binding sites. The binding force of CDRlas and miRNA was
10 times that of GADPH. CDRlas inhibits the biological
function of miR-7 by binding to miR-7, and up-regulates
the expression of miR-7 target genes, such as epidermal
growth factor receptor, insulin receptor matrix-1,

etc., thereby inhibiting the proliferation, invasion and
tumorigenesis of cancer cells. Studies have shown that
miR-7 plays a role in promoting cancer in lung cancer
[22] and other tumors [23]. As a natural ceRNA, cirRNA
is expected to replace anti-nucleotide chemical drugs
by regulating miRNA levels to regulate upstream and
downstream gene networks and play a role in anti-tumor
protection [24].

CircRNA cis-regulates parental gene expression

Another important function of circRNA is to regulate the
expression of its parent genes. First, circRNA and RNA
binding protein bind to each othertoregulate the expression
of the parent genes. Second, circRNA is balanced with
linear RNA through competitive complementary pairing
among introns during its formation, thereby regulating
the expression of mRNA and affecting protein translation.
CircRNA can also regulate the expression of target genes
through the interaction of RNA-DNA, RNA-RNA and
RNA-protein to establish an important biological network.
The study of Lai et al. [25] proved that hsa_ circ_0047905
and hsa_ circ_0138960 were positively correlated with the
expression levels of their parental genes SERPINB5 and
GDAmMRNA. After knocking down hsa_ circ_0047905 and
hsa_circ_0138960 in gastric cancer cells, the parental
gene expression level decreased significantly. CircRNA ci-
ankrds2 is mainly located in the nucleus and enriched in
its transcribed region. Ci-ankrd52 regulates the expression
of the parental gene by regulating the prolonged activity
of RNA polymerase II and such circRNA located in the
nucleus can regulate the expression of the parental gene
[26]. LiF et al. % found that in esophageal cancer, circ-
ITCH can regulate the expression of its parental gene
ITCH by interacting with miR-7, miR-17 and miR-214.
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Role of cirRNA in protein translation

Although circRNA is a non-coding RNA, studies have
shown that a small number of circRNAs have the function
of translating proteins. The function of circRNA-encoding
proteins was first confirmed in hepatitis D virus, can encode
protein with 122 amino acids [27] Wang et al. [28] through
constructing a microgene containing cytomegalovirus
promoter, internal ribosome entry site (IRES) and exon
encoding green fluorescent protein (GFP), transferred it
into the cell to form circRNA, which can be translated into
GFP protein. Legnini et al. [29] further found that circ-
ZNF609 has an open reading frame, with a start codon
and a stop codon at both ends, which are translated into
protein by polysome translation.

Pamudurti et al. [30] applied mass spectrometry
and found that circZNF609 from the myogenic site
can encode a protein that is involved in the process of
muscle development. Yang et al. [31] also found that
N6-methyladenine promotes the initiation of circRNA
translation. Zhang et al. [32] found that the second exon
of linc-PINT can form circ-PINT by self-cyclization, and
confirmed that circPINT drives translation through an IRES
of a new peptide consisting of 87 amino acids PINT87aa,
which can inhibit the occurrence and development of
malignant glioma.

Other functions

Circ-Foxo3 can combine with cycle-related proteins
CDK2 and p21 to form RNA-protein complexes, thereby
inhibiting the relationship between CDK2 protein and
cyclin A and E, and inhibiting cell cycle progression [33].
CircHIPK2 targets miR-124-2HG at the post-transcription
level in combination with autophagy and endoplasmic
reticulum stress to regulate astrocyte activation [34].

CircRNA and Tumor

CircRNA is closely related to the occurrence and
development of tumors, and plays an important role in the
diagnosis, differential diagnosis and prognosis of tumors.
Specific circRNAs can be detected in saliva, exosomes
and clinical blood samples, which will make them reliable
biomarkers for potential diagnosis or prediction of tumor
efficacy and even therapeutic targets. With the development
of second-generation sequencing technology, more than 1
million circRNAs have been detected in human tissues,
mostly in the cytoplasm, and their abundance far exceeds
that of homologous linear RNA. It has been reported
that circRNA is closely related to the occurrence and
development of gastric cancer, colon cancer, breast cancer,
lung cancer, liver cancer, head and neck tumor, cervical
cancer, hematological malignancies and other malignant
conditions [12,16,17,25,27,29,35].

Dahl M et al. [35] used NanoString technique to perform
genome-wide gene sequencing on four different mantle
cell lymphoma cell lines REC-1, Granta 519, UPN2, Z138
and MM cell lines NTCI-H929, and detected numerous
cirRNAs, CIRS-7, circHIPK3, circCCDC66, circFBXW7,
circSMARCA35, circCDYL and circZKSCAN1, while these
cirRNA also showed different levels of expression in
other tumors. In addition, circRNAs associated important
genes involved in lymphoma and MM were also detected,
including FOXP1, SETD3, EZH2, ATM, XPO1, IKZF3,
CD11A and WHSCi. Among them, circRNAIKZF3 from
IKZF3genewashighly expressedin MM cellline NCI-Hg29,
which is not listed in circBase and has, to our knowledge,
not previously been reported [9]. Based on this, cirRNA
may be a candidate indicator to distinguish different B-cell
malignancies in the future. Circ-RAD23B is an oncogene
in non-small cell lung cancer, and high expression of circ-
0001017 and circ-0061276 are associated with better
prognosis in gastric cancer [37]. The expression level of
circ-0004277 in patients with acute myeloid leukemia was
significantly lower than that in the normal population,
and the expression level of circ-0004277 increased
significantly after successful chemotherapy. In acute
myeloid leukemia it has a certain diagnostic role and has a
predictive therapeutic effect [38]. Sui et al. [39] analyzed
circRNA and mRNA in gastric cancer tissues and adjacent
tissues, and found that as many as 69 circRNAs were
significantly differentially expressed, which were mainly
absorbed by the sponge to regulate the expression level of
target genes and play their biological functions. circRNA-
miRNA and miRNA-mRNA directly/indirectly promote
the biological progress of gastric cancer by regulating the
expression of CD44, CXXC5, MYH9, MALAT1 and other
genes. Xia et al. [40] have pointed out that circ-CBFB (hsa_
circ_0000707) is significantly higher expressed in chronic
lymphocytic leukemia (CLL) than in the normal control
group. Circ-CBFB overexpression is an independent
prognostic factor for CLL. As a sponge factor of mir-607,
circ-CBFB targets FZD3 downstream and promotes tumor
development by targeting the Wnt/[B-catenin signaling
pathway. Therefore, circ-CBFB-miR-607-FZD3-Wnt/[-
catenin axis may be a potential therapeutic target for CLL.

F-circRNA is derived from chromosomal heterotopic or
fusion circRNA generated by gene fusion. Such f-circrNA
isinvolved in tumor progression and may serve as a further
diagnostic and therapeutic target. F-circRNA of PML-
RAR and MLL-AF9 have been found in hematopoietic
tumor [41]. Pan et al. [42] reported that circ-BA9.3 is an
f-CircRNA with 1,137 nucleotides and is a source of BCR-
ABL1, and circ-BA9g.3 is involved in the resistance of
tyrosine kinase inhibitor. In patients with tyrosine kinase
inhibitor resistance, circ-BA9.3 was significantly increased
and positively correlated with BCR-ABL1 expression.
Circ-BA9.3 was also found to improve the translation
efficiency of BCR-ABL1 or inhibit the degradation of
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oncoproteins. Circ-BA9.3 may enhance resistance to
tyrosine kinase inhibitor drugs such as imatinib, dasatinib
and nilotinib by increasing the protein level of BCR-ABL1
oncogene.

CircRNA and Multiple Myeloma

Patients with MM eventually relapse and develop drug
resistance, which forces us not to ignore the basic research
on MM, but still need to find new diagnosis and treatment,
prognosis assessment, and new targets to overcome drug
resistance. The research of circRNA is still in its infancy,
and its mechanism and biological function still need to be
clarified. Moreover, studies on circRNA in MM are rare,
and more in-depth studies are needed to clarify its role and
possible mechanisms in MM.

CircRNA diagnostic role in MM

Our research group has detected the bone marrow
samples of 4 MM patients and 4 normal subjects by
circRNA expression profile chip technology. A total of
122 up-regulated circRNAs and 260 down-regulated
circRNAs were screened out, and the weighted ranking
of circRNAs according to Log2FC showed that circRNA
PTK2 was significantly highly expressed in MM, with the
most significant difference between MM and the normal
control group, which could be used as a good indicator
of MM diagnosis [43]. Xiao Liu et al. [44] showed that
hsa_circRNA_101237 was highly expressed in MM
patients and could be used as a diagnostic marker. Meng
Gao et al. results showed that hsa_circ_0007841 was
highly expressed in drug-resistant myeloma cell lines and
myeloma patients, and the area under ROC curve was
0.907, playing a diagnostic role [45].

Relationship between circRNA and MM treatment
and prognosis

The expression of hsa_ circRNA_ 101237 was significantly
higher in MM patients, and was especially increased
in 13q14 deletion, 1q21 amplification, P53 deletion,
t(4,14) and t(14,16) patients [44], and these patients had
a poor prognosis [46]. Studies have shown that hsa_
circRNA_101237 was significantly associated with poor
OS and PFS [44]. CircRNA plays an important role in the
regulation of MM cell resistance. CircRNA0007841 was
highly expressed in drug-resistant MM cell lines [45].
In MM, circRNA0007841 was significantly correlated
with MM type, cytogenetics, bone destruction, and R-ISS
stage, and its high expression was significantly correlated
with 1q21 amplification, t (4:14), ATR, and IRF4 gene
mutations, with poor prognosis. The bioinformatics results
showed that has_ circ_0007841 interacted with 8 miRNA
and 10 mRNA, among which has_ circ_0007841 promoted
tumor progression by sponge adsorption of hsa-miR-
29b-2-5p [45]. Because miR29b could inhibit osteoclast

differentiation, thus reversing the osteoclast activation
caused by myeloma and delaying myeloma progression.
In addition, miR2gb can promote bortezomib induced
apoptosis of myeloma cells [47], so MM patient with high
expression of has_ circ_0007841 has a poor prognosis.

CircRNA was used as competitive endogenous circRNA
(ceRNA), and circUBAP2 was competitive in inhibiting
miR-143 and blocking MM cell apoptosis. Bcl-2 family is
a key molecule in the apoptosis pathway, and one of the
targets of miR-143 is bcl-2, so it is involved in the apoptosis
pathway of MM cells [48,49]. Liu et al. [50] found in 105
MM patients and 36 normal controls subjects that circ-
SMARCA5 was negatively correlated with ISS stage and
B2 microglobulin, and its expression was correlated with
complete response rate and better PFS and OS. Circ-
smarcas inhibits proliferation and induces apoptosis of
myeloma cells by targeting miR-767-5p.

In our verification analysis of 60 MM patients and
30 normal subjects, RT-PCR results showed that the
expression level of circ-PTK2 in bone marrow of MM
patients was significantly higher than that of normal
subjects, and the PFS of patients in the high-expression
group was significantly lower than that in the low-
expression group [43]. High circRNA PTK2 expression is
associated with a poorer treatment response and shorter
prognostic survival. Circ-PTK2 may inhibit apoptosis by
regulating the proliferation and invasion of MM cells,
leading to poor prognosis [43]. Chen et al. [51] showed that
circ-CDYL, as a sponge molecule of miR-1180, promoted
the expression of YAP protein and promoted the progress
of MM.

Feng et al. [52] confirmed that circ-0000190 inhibits MM
progression by targeting miR-767-5p/MAPK4 signaling
pathway. The overexpression of circ-0000190 significantly
reduced the activity and proliferation of myeloma cells and
inhibited the cell cycle in G1 phase by down-regulating
CDK6, CDK4, CyclinD1, CyclinEI and up-regulating
p21Clip1.

The circRNA screened in the current study mostly play
the role of oncogenes [39,40,44,45,53] and inhibit the
proliferation and invasion of tumor cells by silencing
the circRNA and/or its mediated signaling pathway, and
the inhibition of apoptosis is becoming a new hotspot in
cancer therapy [53-56]. One study showed that silencing
RNA-ZNF652 could increase the expression of miR-205,
thus affecting the process of epithelial-mesenchymal
transformation, thereby inhibiting the proliferation of
renal cell carcinoma and promoting apoptosis [53]. Circ-
CDYL knockdown significantly blocked the growth of MM
cells [51]. With the development of gene editing, FDA
granted CRISPR/Casg gene-edited hematopoietic stem cell
therapy CTXo001 as a fast-track treatment for transfusion-
dependent B-Thalassaemia. The clinical application of
circRNA is just around the corner.
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Great progress has been made in the study of circRNA
in tumor development, invasion and metastasis, but there
are still many problems to be further explored. First, the
naming system of circRNA has not been unified yet. The
role of circRNA in nuclear and cytoplasmic transport
needs to be further clarified. Second, the mechanism of
post-transcriptional regulation of circRNA remains to
be explored. For example, it is not known how they are
eventually degraded and how their structures differ in
function from their linear counterparts. Third, in addition
to the classical reverse splicing and exon jumping to form
circRNA, other patterns of splicing or post-transcriptional
modification may exist, such as template switching and
tandem replication by reverse transcriptase [57].

At present, the research of circRNA is still in the basic
research stage, and there are still some deficiencies in
clinical application. For example, the application of
circRNA in molecular markers of disease is still lacking in
large sample clinical verification, and it is difficult to achieve
real clinical transformation at present. The present study is
more focused on circRNA sponges adsorption function by
studying the endogenous cyclic sponge structure, binding
sites, design and development of an effective artificial
sponge. According to its special formation mechanism,
new drug research can enhance good circRNA expression
and silent bad circRNA in the human body without side
effects by regulating circRNA abundance.

It is believed that with the improvement of high-
throughput sequencing technology and the reduction of
cost, as well as the continuous improvement of calculation
methods, more circRNA molecules will be predicted
accurately, laying a foundation for the exploration of
biological markers of MM and subsequent functional
studies. Its exploration in MM will also be further expanded
which will eventually leads to clinical benefit of patients.
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