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Abstract
With the development of deep sequencing and bioinformatics technology, a
large number of products produced by abnormal RNA splicing, such as chimeric RNA and chimeric/fusion proteins, have been discovered. Natural
chimeric/fusion genes are new genes formed by natural fusion of two or more
independent genes. Chimeric RNAs can be transcribed by natural chimeric
genes, and can also be formed by cis-splicing or trans-splicing of two or more
precursor mRNAs. Unlike fusion genes, the production of chimeric RNAs
does not involve changes in the DNA level of chromosomes. At first, chimeric
RNAs were found as tumor markers. With the deepening of research, researchers also found a large number of chimeric RNAs in normal tissues.
From the perspective of biological function, chimeric RNAs can play a biological role in regulating the expression of corresponding maternal genes,
translating into chimeric proteins, and forming long non-coding RNAs. The
objective of the present study focused on the frontiers of chimeric RNA and
reviewed its role in health and tumor study to reveal research progress of
chimeric RNA and health and provide a new sight of relative disease treatment. The main conclusion of this review is that chimeric RNA may serve as
a biomarker for specific tumor diagnose and treatment while its role in normal physiology needs to be revealed.
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1. Introduction
Chimeric or fusion gene refers to the DNA sequence formed by two or more independent genes through chromosome recombination, read-through transcription of adjacent genes, trans-splicing, etc. Chromosome recombination events
include chromosome deletion, duplication, insertion, inversion, translocation
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and annular chromosomes, etc. All of these mutations can form chimeric genes
[1]. Fusion gene was firstly reported in 1960 by Peter Nowell et al. [2]. In 1973,
Janet Rowley discovered the first chimeric gene formed by chromosomal translocation (BCR-ABL1) in chronic myelogenous leukemia (CML) [3]. Later, with
the deepening of the research, a growing number of chimeric genes have been
found in tumor formation such as chronic myeloid leukemia (BCR-ABL1) [3],
acute lymphocytic leukemia (AML1-ETO) [4], acute promyelocytic leukemia
cells (AML1-ETO) [5], striated muscle tumor (PAX3-FOXO1) [6], prostate
(TMPRSS2-ERG) [7], serous ovarian cancer (BCAM-AKT2) [8], etc. Concept of
chimeric RNA and synchronous chimeric gene, is regarded as a product of chimeric gene transcriptional expression, namely from different gene exon fragments chimeric transcript, and the follow-up study confirmed that the chimeric
RNA could also be formed by two or more than two independent precursor
mRNA (pre-mRNA) conveniently cis-splicing or by trans-splice. More and more
chimeric RNAs are being discovered continuously, and they are collected in several large databases including HYBRIDdb [9], FusionCancer [10], ConjoinG
[11], TICdb [12], dbCRID [13], FusionDB [14], ChiTaRs [15], ChimerDB [16],
Mitelman [17].
With the systematic deepening of research on chimeric RNA, a large number
of chimeric RNAs have been detected in tumor and non-cancer tissues respectively, which has become a new hotspot of transcriptomics research. The study
on its formation characteristics and function is conducive to our comprehensive
understanding of the composition and function of the genome [18]. In this paper, the formation mechanism, expression characteristics and biological functions of chimeric RNAs were reviewed, aiming to comprehensively understand
the research situation and development trend of chimeric RNAs, and to provide
non-genetically modified chimeric RNAs intervention strategies and ideas for
the diagnosis and treatment of clinically related diseases.

2. The Formation Mechanism of Chimeric RNA
Gene refers to a DNA fragment with genetic information, and a fusion gene refers to the fusion of two genes in whole or in part to form a new gene, which is
the result of chromosome recombination, deletion or chromosome inversion,
and the product of transcription is chimeric RNA. Chimeric RNA is a mosaic of
two transcripts. It can be the product of fusion gene expression, or it can be obtained by further splicing after gene transcription. It is a non-collinear RNA
editing and does not involve chromosome change. The splicing mechanisms that
have been reported include cis-splicing and trans-splicing. Of course, there may
be other unknown non-splicing mechanisms, and further research is needed
(Figure 1).

2.1. Overview of Genes and RNA
Genes are fragments of DNA that have genetic effects, and their expression is
DOI: 10.4236/health.2021.134036
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Figure 1. Pattern diagram of chimeric RNA production pathway.

realized by DNA controlling the synthesis of proteins. Chromosome is the carrier of gene, its structure is stable, is the basis of cell regular division and proliferation. However, heredity is relative, variation is absolute [19]. DNA molecular
DNA nucleotide sequence determines the messenger RNA in the order of the
ribonucleotide, messenger RNA in the order of the ribonucleotide and determines the amino acid sequence, amino acid sequence ultimately determines the
specificity of the structure and function of protein, making organisms exhibit
various genetic traits. In recent 10 years, one of the most popular studies in the
field of biomedical science is the study of RNA, which covers from miRNA to
other short non-coding RNA (including siRNA, miRNA, piRNA), long
non-coding RNA (incRNA), fusion RNA (chermicRNA), cirRNA (cirRNA), and
non-coding RNA has become the focus of research. Non-coding RNAs refer to
RNAs that do not encode proteins, including RNAs with known functions such
as rRNA, tRNA, snRNA, snoRNA and microRNA, as well as RNAs with unknown functions. The two common non-coding RNAs, rRNA and tRNA, are the
most abundant in cells. It is estimated that at least one-third of human genes are
regulated by non-coding RNAs.

2.2. Discrimination of the Concepts of Fusion and Chimerism
Fusion gene refers to two or more genes coding region of end to end, in the same
set of regulatory sequence (including promoter, enhancer, ribosome binding sequence, termination, etc.) under the control of its parent gene can be located on
different chromosomes, different strands of DNA can also be located on the
same chromosome, or on a single strand of DNA, to produce a chimeric gene
DOI: 10.4236/health.2021.134036
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was absent or chromosome inversion of chromosome translocation and results.
Chimeric genes can connect the functional domains of genes from different
sources, combine new functions, change the characteristics of the original molecules, and have specific biological functions. However, the different exon
sequence between chimeric genes and their parent genes may be one of the reasons for the disorder of the inherent balance system. The transcriptional product
of chimeric genes is chimeric RNA, which can be translated into chimeric proteins. The DNA sequences formed by chromosomal recombination are chimeric/fusion genes. Chromosome deletion, duplication, insertion, inversion, translocation and ring chromosomes can form chimeric genes, and their transcriptional intermediates can form chimeric RNA. Chimeric RNA is the product of
fusion gene expression, can not only through the chromosome translocation,
missing or chromosome inversion approach to form, can also through the cis
adjacent gene splicing and trans splicing methods such as form, but trans splicing is the main way to generate Chimeric RNA, also is a kind of important eukaryotic cell RNA transcription after processing mechanism, and the corresponding variety of RNA isomer, make more than one gene can be translated into
a variety of skin sequence, become the important manifestation of diversity of
gene expression [20]. The formation of chimeric RNA is an important link in the
regulation of gene expression in eukaryotes. It plays a biological role by regulating the expression of corresponding parent genes or forming chimeric proteins,
and directly affects the coding information of corresponding genes.

2.3. Chimeric/Fusion Genes Are Transcribed
to Form Chimeric RNA
BCR-ABL is about 8.5 KB mRNA transcription product for long, namely the
chimeric RNA, the combination of translation product for 210 kDa protein, including 1104 amino acid residues and BCR ABL encoding 920 amino acid residues, have stronger tyrosine protein kinase activity, promote cell proliferation,
apoptosis, is CML oncogene, depending on the gene fracture zone BCR-ABL
chimeric genes and their chimeric RNA, chimeric protein products also shows
diversity [21]. From the perspective of gene structure, BCR-ABL chimeric gene
is a typical domain fusion of heterologous genes, encoding carcinogenic functional proteins. Similar to BCR-ABL, the chimeric gene tel-AML1 is specifically
expressed in approximately 25% of childhood Acute lymphoblastic leukemia
(ALL), i.e., T (12; 21) (p13; q22) translocation, its mother genes TEL and AML1
are classical transcription factors, involved in regulating the transcription of target genes related to cell differentiation and proliferation, and the latter is mainly
expressed in hematopoietic tissue and involved in regulating the expression of
genes related to hematopoietic cell development.Tel-AML1 is transcribed into
chimeric RNA and translated to form chimeric proteins, which competitively
inhibit the transcription activity of maternal genes. In Acute myeloid leukemia
(AML), T (8; 21) (q22; q22) Chromosome translocation resulted in the formaDOI: 10.4236/health.2021.134036
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tion of chimeric/fusion gene AML1-ETO, and the transcriptional chimeric RNA
produced chimeric proteins, which mainly acted on the over activation of other
genes to affect hematopoietic differentiation, proliferation and apoptosis and
other functions, and its downstream regulatory proteins included SIRT1, P53 and
EZH1. Rhabdomyosarcoma (RMS) is a common soft tissue cancer in which T (2;
13) (q35; q14) chromosomal translocation resulted in PAX3-FoxO1 or T (1; 13)
(p36; q14) Translocation resulted in the specific expression of PAX7-FoxO1
chimeric genes, and the translation of transcriptional chimeric RNA into chimeric protein not only affected the myogenic regulation and differentiation of
parent genes PAX3 and FoxO1, but also affected the expression of downstream
target molecules including P16INK4A and P57Kip2 or their activity to mediate
muscle cell canceration. These gene fuses occur on different chromosomes, and
in fact they may occur on the same chromosome. 50% of Prostate cancer adenocarcinoma (PCA) patients contain TMPRSS2-ERG chimeric gene, are the chromosome 21 q22.2 and 21 q22.3 sequence missing or balanced translocation gene
fusion results, through the transcription of chimeric RNA eventually chimeric
protein formation, the positive feedback to promote female highly expressed
genes ERG, which involved in embryonic development, cell proliferation, differentiation, angiogenesis, inflammation, and apoptosis related molecules regulate
and promote the development of tumor, is an important one of the main causes
of deterioration of PCA [22]. In addition, about 7% of High grade serous ovarian
cancer (HGSC) had BCAM-AKT2 gene fusion, i.e., T (19; 19) (q13; Q13) In
frame fusion, its chimeric RNA translated chimeric protein products to play kinase activity and connect with the biofilm, continuously activating the AKT2
kinase-mediated PI3K/Akt signaling pathway to promote cancer. Chimeric RNA
produced by gene fusion transcription often plays a biological role by producing
chimeric proteins and is closely associated with the majority of soft tissue tumors. In laboratory conditions, the study of fusion genes tends to be more extensive at the RNA level. On the one hand, after the occurrence of gene fusion
event, even though the breakpoint generally occurs in the intron fragment, the
function is usually generated by chimeric RNA or chimeric protein, and the only
way for the latter is chimeric RNA. Transcriptome sequencing is more popular
in the study of chimeric RNA due to its high efficiency and low cost. On the
other hand, the exon spliced transcriptome sequences obtained by general sequencing are easier to recognize the chimeric sequences, and the amino acid sequence of the chimeric protein of the translated product can be determined according to the chimeric RNA sequences to design antibodies. The disadvantage
of using chimeric RNA to study fusion genes is that if gene fusion does not produce new transcripts, i.e. fire fusion, the results cannot be detected at the chimeric RNA level, and only the corresponding results can be obtained by sequencing at the DNA level. Therefore, chimeric RNA produced by gene fusion is
often recognized as a tumor-related marker and also used for the early diagnosis
of some cancers. With the deepening of research, there are also targeted drug
DOI: 10.4236/health.2021.134036
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research and development aimed at the level of carcinogenic chimeric RNA,
which provides a non-genetic genetic programming clinical intervention scheme
for the diagnosis and treatment of related diseases.

2.4. Chimeric RNA Cis-Splicing Mechanism
Cis-splicing occurs in adjacent genes on the same DNA strand, and the exons of
the transcription product are combined with each other to form a chimeric
RNA. Some scholars Read-through chimera. In recent years, scholars have discovered many chimeric RNAs in which the exons of adjacent genes are chimeric with
each other through a large number of paired-end RNA-Seq data studies. [23] [24],
Qin detected more than 300 chimeric RNAs in prostate cancer and non-cancer
samples, of which 30% were cis-spliced chimeric RNAs [25]. SLC45A3-ELK4 has
been extensively studied as a potential prostate cancer biomarker [26] [27], The
maternal gene of this mosaic is located on chromosome 1q32, use Fluorescence
in situ hybridization, Column comparison genomic hybridization, Southern
blot, qPCR. The exons of the two genes, SLC45A3 and ELK4 were analyzed. The
results of the analysis showed that there was no interstitial DNA deletion between the exons of these two genes. In the absence of corresponding chromosomal recombination, SLC45A3-ELK4 chimeric fusion transcription in prostate
cancer cells is produced by cis-splicing adjacent genes instead of trans-splicing
[28] [29]. Through the current research on the ligation sites of known chimeric
RNAs, it is found that there are no specific sequence templates around the chimeric ligation sites, which also reflects the limitations of current case studies of
cis-splicing. As more and more cis-spliced chimeric RNAs are continuously discovered, the identification of their gene splicing will also be a difficult problem
for future research.

2.5. Chimeric RNA Trans-Splicing Mechanism
Trans-splicing occurs when one or more exons of two independent RNA transcripts are combined with each other to form a chimeric RNA, trans-splicing. It
was first discovered in the study of trypanosomes [30]. Then in tobacco [31] and
chlamydomonas [32]. Also confirmed the existence of trans-splicing. However,
its formation mechanism is not yet clear, and it may be related to the transcription and splicing of a specific sequence or the closeness of the spatial structure
[33]. In the 1990s, people began to discover the existence of trans-splicing in
mammals [34]. RNA splicing is a key step to produce mature mRNA. RNA
trans-splicing combines two independent pre-mRNA molecules, and pre-mRNA
molecules may originate from different genes [35]. Or form a chimeric nonlinear
RNA in the same gene that may have a different function from the original molecule [36]. Trans-spliced RNA can encode a new protein or be a non-coding or
regulatory RNA. These new RNAs not only increase the complexity of the
proteome, but also provide a new regulatory mechanism for gene expression.
More and more evidences show that trans-splicing often occurs in cell physioloDOI: 10.4236/health.2021.134036
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gy and pathological processes. In addition, mRNA reprogramming based on
trans-splicing has been successfully applied to RNA-based treatment of human
genetic diseases [37].

3. Physiological Function and Clinical Value of Chimeric RNA
3.1. Regulation of Maternal Gene Expression by Chimeric RNA
Chimeric RNA itself can be used as a clinical diagnostic marker and drug targeting for some tumors. The BCR-ABL gene can be expressed in the leukemia
cells of about 95% of patients with chronic myelogenous leukemia and 20% of
patients with acute lymphoblastic leukemia, so the BCR-ABL gene can be used
as a molecular diagnostic marker for leukemia [38]. In 2007, Soda et al. found
EML4-ALK chimeric RNA in the cells of a male lung cancer patient [39]. His
clinical features are clearly different from those of patients with epidermal
growth factor receptor positive, and EML4-ALK can be detected in most
non-smokers of non-small cell lung cancer (NSCLC) patients, which has unique
pathological features [40]. Afterwards, inhibitors targeting EML4-ALK chimeric
RNA continued to appear, which greatly improved the quality of life and treatment of patients with non-small cell lung cancer, including crizotinib, ceritinib
and alectinib appeared and other inhibitors. The EML4-ALK fusion gene, as a
tumorigenic variant gene discovered in recent years, has become a new target for
the clinical treatment of advanced NSCLC due to its unique clinic pathological
characteristics and relatively high positive rate [41]. Guo, Qi and others have
confirmed through research that the TMPRSS2-ERG fusion gene found in prostate cancer is a specific genetic change of prostate cancer, and found that
TMPRSS2-ERG and ERG proteins are not found in normal prostate glands and
normal glands adjacent to cancer. Show that it can be used as a specific marker
for the clinical diagnosis of prostate tumors [42]. In the study of high-grade serous ovarian cancer (HGSC), Kannan et al. showed that BCAM-AKT2 expression
is a new mechanism for AKT2 kinase activation in HGSC. BCAM-AKT2 is the
only fusion gene in HGSC that has been proven to be able to translate aberrant
kinase fusion proteins with oncogenic properties. This recurring genomic
change is a potential therapeutic target of HGSC and a marker of clinically relevant subtypes [8].

3.2. Function of Chimeric Proteins
Translated from Chimeric RNA
Chimeric RNA forms a long chain of non-coding RNA, and a large number of
chimeras may have the function of non-coding RNA. Supporting this view is a
recent study that identified more than 58,000 transcripts as long non-coding
RNA [43]. Qin found in prostate cancer research that fusion transcription can
function as a long non-coding chimeric RNA [44]. In SLC45A3-ELK4 chimeric
RNA, the protein encoded by chimeric RNA is the same as ELK4 [45]. When the
chimeric RNA (instead of ELK4) is silenced, the cell proliferation of androgen
DOI: 10.4236/health.2021.134036
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dependent prostate cancer cells and castration-resistant prostate cancer cells are
inhibited. This growth arrest can be rescued by a fusion of exogenous expression
and a mutant designed to prevent the translation of the ELK4 protein. Under the
same conditions, the mutant can also inhibit several other targets of CDKN1A
and SLC45A3-ELK4. Taken together, these results indicate that the chimeric
RNA SLC45A3-ELK4 regulates the proliferation of cancer cells through its transcript rather than a translated protein.
Chimeric RNA can produce chimeric protein. By connecting the functional
domains of different genes, Chimeric protein can change the function of parent
genes, that is, change the function of pre-fusion original genes, increase the diversity and complexity of transcriptome and proteome, block the normal signaling pathway, and initiate or activate the growth of cancer cells. Chimeric RNA
consists of two or more exons of different genes and has the potential to encode
new proteins that change the phenotype of cells [46]. Researchers have discovered
PAX3-FOXO1 chimeric RNA in rhabdomyosarcoma. The chimeric RNA produces a new PAX3-FOXO1 chimeric protein from PAX3 and FOXO1. This protein has greater in vitro and in vivo transcriptional activity than wild-type PAX3.
The PAX3-FOXO1 protein of fibroblasts and rhabdomyosarcoma cell lines can
induce simultaneous myogenesis and prevent them from differentiating into
mature muscles. JAZF1-JJAZ1 chimeric RNA produces a new chimeric protein,
which plays an important role in regulating cell proliferation and survival [22].
CTBS-GNG5 encodes a new protein that can regulate cell proliferation and migration [47]. The BCR-ABL chimera found in leukemia produces p210-encoded
protein, which promotes the level of tyrosine kinase, causing cells to lose their
adaptability to the surrounding environment and inhibiting the rate of cell apoptosis [48]. When investigating the expression of 32 recurrent cancer chimeric RNA
in esophageal squamous cell carcinoma patients and cancer cell lines, Zhang H et
al. found that GOLM1-MAK10 is a highly enriched cancer chimeric RNA in
ESCC, demonstrating that the chimeric GOLM1-MAK10 encodes a secreted chimeric protein [49].

3.3. Chimeric RNA Is Recognized as Non-Coding RNA
SOAP fuse software is used by Tang Yue in infant brain tissue RNA dorsolateral
prefrontal cortex cells-seq data analysis, and they verified the 599 chimeric RNA
expression, and INTERCHR INTRACHR-SS-zero gap and INTRACHR-OTHER
three chimeric types of proportion is 46%, 51% and 43%, of which high express
DUS4L-BCAP29 chimeric RNA is widely expressed in normal tissues, cells, and
participate in cell proliferation, and OTHER functions. It is suggested that
DUS4L-BCAP29 is not suitable as a tumor marker for gastric cancer and prostate cancer, and may play a role in the form of non-coding RNA, which may be
related to the phosphorylation inhibition of STAT3 [50]. With the development
of deep sequencing, transcriptomics and bioinformatics technology, a large
number of products indirectly produced by RNA abnormalities, namely chimeric RNA and fusion proteins, have been found. Unlike fusion genes, chimeric
DOI: 10.4236/health.2021.134036
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RNA production does not involve changes in the DNA level of chromosomes.
Ke et al. found that dendritic cell-derived exosomes can load tumor characteristic chimeric RNA, which may provide a new therapeutic strategy for the research
and development of exosomal tumor vaccines [51]. Natural chimeric gene is a
new gene formed by the natural fusion of two or more independent genes. The
discovery of this type of gene breaks through the classical understanding of “one
gene corresponds to one stain” and expands the concept of gene. In the process
of human cancer research, the combination of many genes can result in tumor
related diseases, as a marker of cancer molecular diagnosis based on the research
concerning the chimeric gene of bioinformatics, with cancer gene as the breakthrough point, from natural characteristics, transcription, adjust the chimeric
gene fusion, and the structure of the fusion protein domain combination form
and function, etc., combining the research group of related work, summarized
the research progress on the structure and function of the chimeric gene fusion,
discusses the difficulties and challenges, the current research work and the Mosaic law application in design of the new gene were discussed.

4. Chimeric RNA in Tumors
Chimeric RNA plays an important role in the diagnosis and treatment of tumors. Most research on RNA chimera has focused on its recognition and functional characterization in malignant cells. Its long-term goal is to improve the
level of cancer diagnosis and enhance the understanding of tumorigenesis. The
most famous cancer chimeric RNA BCR-ABL1, which encodes a tyrosine kinase,
which has a constitutive activity in cancer cells, leading to increased proliferation
of hematopoietic stem cells [52] [53]. BCR-ABL1 is the target of an effective anticancer drug called Gleevec [54]. EML4-AKL found in non-small cell lung cancer can improve the prognosis after targeted treatment with ALK inhibitors [22].
D2HGDH-GAL3ST2 is located in prostate cancer. It is more easily detected in
advanced cancers, indicating that it plays an important role in the development of cancer. Consistently, silencing this fusion leads to a significant reduction in cell proliferation and cell motility. SLC45A3-ELK4 is specific to prostate cancer cells. When the gene is silenced, it inhibits cell growth by inducing
cell cycle arrest in the G1 phase [62]. The silencing of another recurring chimera,
SLC2A11-MIF, leads to cell cycle arrest and cell proliferation reduction. Therefore, it is believed that the chimeric fusion RNA produced by intergenic splicing
represents a new biomarker and/or therapeutic target, chimeric RNA Proven to
be an ideal cancer biomarker and drug target [55].
Chimeric genes have good application prospect and important research value
in medicine. They can be used as molecular markers for clinical diagnosis of cell
carcinogenesis. For example, many chimeric genes that can serve as molecular diagnostic markers have been found in diseased tissues such as soft tissue tumors,
breast cancer, epithelial cancer, prostate cancer, chronic myelogenous leukemia,
acute leukemia, and non-small cell lung cancer.
DOI: 10.4236/health.2021.134036
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4.1. Chimerism between Soft Tissue Tumor and EWS Gene
Soft tissue tumors refer to tumor-like hyperplasia of non-epithelial or mesenchymal tissues, such as smooth muscle, nerve sheath, skeletal muscle, lipid
membrane, endothelium and fibroblasts. Soft tissue tumors are caused by chromosomal translocation. Relative to cancer, in the development process and its
mechanism has certain difference, does not appear from benign to malignant to
transfer the multi-stage process, the development of cancer is composed of multiple cancer gene mutation or the result of the interaction, and tumor suppressor
genes and tumor is caused by a single genetic defect, such as lack of chromosome translocation, etc. [22].

4.2. C-erbB-2 Chimeric Gene and Breast Cancer
By studying the correlation of c-erbB-2 expression in breast cancer, Li et al. [56]
concluded that c-erbB-2 was a cell-derived oncogene, which is normally inactive
and involved in the regulation of cell growth and differentiation. When activated
by some factors in vivo and in vitro, c-erbB-2 has the activity of transforming
into tumor. Currently, c-erbB-2 has been recognized as an oncogene involved in
the occurrence and progression of breast cancer. Overexpression of c-erbB-2 often indicates high degree of malignancy and poor prognosis, which reflects that
the occurrence and progression of breast cancer is the result of multiple gene
mutations and synergistic accumulation.

4.3. BCR-ABL1 Fusion Gene and Chronic Myelogenous Leukemia
Chronic myeloid leukemia is a kind of hematopoietic stem cell cloning proliferative diseases, also known as slow each cell leukemia, or CML1, it is the result of
the interactive translocation chromosomes generate chimeric oncogene, in normal cells, ABL1 encoding protein N end contains a inhibit tyrosine kinase activity area, to the active control. When BCR is fused with ABL1, the kinase inhibitory region of ABL1 is inactivated, the molecular conformation is changed, and
the kinase activity is increased abnormally, which activates many proteins and
enzymes that regulate the cell cycle, and accelerates cell division, leading to the
occurrence of canceration. Its molecular mechanism is no. 22 dyeing genomic
chronic myelogenous leukemia (orange) and chromosome 9 (blue) have taken
place in the fracture, and fracture may lessen was born in the interior of the BCR
gene and ABL1, lead to two broken in half, in the process of genome reassemble,
key exception happens, namely the BCR gene first half and half after ABL1 gene
splicing into a new, under normal circumstances should not exist BCR-AB1L
genes. Studies have found that BCR-ABL chimeric RNA can produce new chimeric protein, the chimeric protein has enhanced the role of tyrosine kinase activity, cause cells to a variety of protein tyrosine phosphorylation level and the
function of the cell microfilament motor protein changes, thus disrupting normal signal pathways inside the cell, the cell lose reactivity on the surrounding
environment, thus inhibiting the occurrence of apoptosis.
DOI: 10.4236/health.2021.134036
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4.4. BCR-ABL1 Chimeric Gene and Epilepsy
Some scholars found that the bcr-abl1 chimeric gene function defect in patients
with severe epilepsy, genetic testing is diagnosed on chromosome 22 and 9
caused by unbalanced translocation, namely human chromosome 22 long arm
section on chromosome translocation to nine long arm, formed a small new
chromosome 22, 22 chromosome translocation to the breaking point of regional
clusters BCR and chromosome 9 ABL1 fusion, form the bcr-abl1 chimeric gene.
But the cousin body beside the patient test, did not suffer from epilepsy, has the
problem of balanced chromosomal translocation, follow-up investigation, cousin
happens in order to avoid a genetic defect, the prenatal genetic diagnosis, normal first child birth, but after every pregnancy test has problems of chromosome
translocation fetus, abortion, only show announcement shows everything is
normal, until the inspection company to prepare pregnant, the result was born
with a chromosome translocation of birth defects in newborns, subsequently, the
parents will be inspection company to court, in the end, was sentenced to compensate the plaintiff and neonatal tens of millions of dollars. This event indicates
that the cousin with balanced chromosomal translocation may give birth to a
newborn with chromosomal translocation, although he does not show abnormal
gene function himself [57].

5. Chimeric RNA in Normal Non-Cancer Cells
Gene fusion and its products (chimeric RNA and chimeric protein) were once
considered to be unique features of cancer, however, chimeric RNA can also be
found in normal cells. They play an important role in normal cell physiology,
and their dysregulation can induce tumorigenesis and affect cell differentiation
[58]. The researchers found that the trans-spliced JAZF1-JJAZ1 mRNA can
also be detected in normal endometrial stromal cells, indicating that the fusion
gene product is not limited to cancer or precancerous cells. Among them,
JAZF1-JJAZ1 mRNA and its encoded protein were basically as same as the
protein synthesized by chimeric RNA in tumor cells. In cultured cells, the
chimeric protein has anti-apoptotic properties. When the unrecombined
JJAZ1 allele is silenced, the chimeric protein can promote proliferation [59].
As shown in some cases, the same mosaics seen in cancer can also be found in
samples of non-malignant tumors. Although some of these chimeras may be
early indicators of this disease, recent evidence suggests that chimeric RNA, as a
phenomenon, is not limited to cancer. In rhabdomyosarcoma (RMS), a specific
chromosome is easily affected. Position t (2; 13) (q35; q14) leads to chimeric
oncogenic transcription factor PAX3-FOXO1, which has been identified as a
marker of RMS aggressive alveolar subtype. But during normal muscle cell differentiation, this chimeric RNA was detected at the moment when no chromosomal translocation was observed. The same chimeric RNA was also detected in
muscle biopsy. These observations sounded the alarm for the use of this chimeric RNA as a biomarker, especially for monitoring related diseases [60]. Some
DOI: 10.4236/health.2021.134036
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scholars have also found that the DUS4L-BCAP29 fusion transcript exists in a
variety of normal tissues. It also exists in non-cancer epithelial cells and fibroblasts.
In terms of quantification, the fusion transcription is found in non-cancerous,
gastric and prostate cell lines and tissues. The expression is comparable to that in
cancer cell lines and tissues. Overexpression of DUS4L-BCAP29 can promote cell
growth and movement, even in non-cancerous cells. Therefore, DUS4L-BCAP29
cannot be used as a cancer biomarker. On the contrary, it is a fusion transcript
that exists in normal physiology, and its growth-promoting effect is not unique
to cancer cells [61]. Recently, the DUS4L-BCAP29 chimeric RNA was found in
the brain tissue of infants and young children. It is not only involved in mediating basic physiological functions such as the proliferation, cycle and apoptosis of
human umbilical cord mesenchymal stem cells (Huc-MSCs), but it may also be
Strand-encoding RNA forms play a role [62].

6. Application of Chimeric RNA as a Drug Target
RNA interference tests have shown that some chimeric genes can promote the
growth of cancer cells. In view of the special connection between chimeric genes
and cell canceration, some studies have used chimeric RNA as drug targets for the
treatment of cancer. For example: PAX3-FoxO1 chimeric RNA and rhabdomyosarcoma, SLC45A3-ELK4 chimeric RNA and prostate cancer, TBLR1-RARA chimeric RNA and acute promyelocytic leukemia, RUNX1-ETO fusion protein and
acute myeloid leukemia, and EML4-ALK and non-small cell lung cancer, etc.

6.1. PAX3-FoxO1 Chimeric RNA and Rhabdomyosarcoma
All kinds of mechanism are different, but the common differentiation of skeletal
muscle and nerve tumors, and the results show that the skeletal muscle and
nerve phenotype gene expression, with 10% of acini leiomyosarcoma has the
dual phenotype, leiomyosarcoma is originated in the striated muscle cells or the
striated muscle cell differentiation of mesenchymal cells of a malignant tumor, it
is one of the most common cancer in children and adolescents. Acinar rhabdomyosarcoma is caused by T (2; 13) The chromosomal translocation leads to the
chimeric PAX3-FoxO1 gene. This chimeric RNA has greater transcriptional activity in vivo and in vitro than wild-type PAX3, and is currently used as a standard diagnostic variable for the diagnosis of acinar rhabdomyosarcoma. Yuan H

et al. found that chimeric fusion RNA PAX3-FoxO1 associated with acinolar
rhabdomyosarcoma was also present in normal non-cancer cells and tissues, as
well as in aborted fetuses and during muscle differentiation of stem cells.

6.2. SLC45A3-ELK4 Chimeric RNA and Prostate Cancer
Rickman DS, etc. in prostate cancer research found that produced by SLC45A3
gene and gene fusion ELK4 SLC45A3-ELK4 chimeric RNA detected in prostate
cancer cells not only, also was found in normal prostate tissue, results proved
that the chimeric RNA itself not only can be used as a clinical diagnosis of tumor
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markers and drug targeting, and can express its biological function in normal
non-cancerous cells [63].

6.3. TBLR1-RARA Chimeric RNA and Acute
Promyelocytic Leukemia
Some researchers found that TBLR1-RARA is a novel chimeric RNA in acute
promyelocytic leukemia, and it was derived from a T (3; 17) (q26; q21), the histone deacetylase inhibitor cidabamine can significantly inhibit the proliferation
of acute promyeloid leukemia cells by inducing apoptosis and promoting cell
differentiation through cycle arrest, providing a new idea for the treatment of
acute promyeloid leukemia.

6.4. Chimeric RUNX1-ETO Protein and Acute Myeloid Leukemia
The RUNX1-ETO fusion protein was found in acute myeloid leukemia. RUNX1
is a key transcription factor for hematopoietic stem cell differentiation. RUNX1
contains a DNA-bound RUNT homologous domain, and ETO is a transcriptional repressor. The RUNX1-ETO chimeric protein not only retains the DNA
binding domain of RUNX1, but also inherits the ability of RUNX1 to bind the
regulatory region of the target gene promoter, and also contains most of the
domain of the transcription repressor ETO. The chimeric protein is competitive
with the parent gene binding target gene, inhibits the transcription of the parent
gene, interferes with the expression of its normal function, and blocks differentiation to induce acute myeloid leukemia [64] [65].

7. Problems and Prospects
With the advancement of the medical level, people are constantly exploring the
chimeric RNA. The mechanism of chimeric RNA production and the chimeric
RNA formed by other unknown mechanisms will help discover new biomarkers
and drugs for the treatment of diseases. Chimeric RNA not only exists in cancer
genes, but also in normal genes. With the discovery of more and more tumor
driver genes, people have a deeper understanding of tumor occurrence and development. At the same time, more targeted therapy drugs also bring hope to the
majority of cancer patients. At present, chimeric RNA is increasingly being valued by scientists, and more and more experiments are put into the ranks of
chimeric RNA research. With the development of RNA sequencing technology
and molecular biology, there are still greater challenges waiting for humans to
face and overcome, such as the problem of drug resistance, the detection of mutant genes, the discovery of unknown mutations, and more targeted detection
methods, and to clarify the characteristics of the chimeric RNA signaling pathway. In the future, new sequencing technologies, especially full-length sequencing and the development of new software, will help discover more chimeric
RNAs. Many chimeric RNAs discovered so far have not been confirmed to be
gene fusions or cancer-specific products. Therefore, before we define chimeric
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RNAs as cancer markers, we need to verify a sufficient number of non-cancer control samples. One of the bottlenecks is the lack of high-throughput methods to
study the functions of chimeric RNAs, the formation mechanism of non-traditional
chimeric RNAs and their relationship with gene fusion are also questions that
urgently need answers. I believe that with the development of science and technology, these problems will be solved, and humans will have a more thorough
understanding of chimeric RNA and contribute to people’s healthy life in the
future.
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