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Circular RNA as a novel molecular biomarker for radon-induced lung cancer

Abstract. Circular (circ) RNAs are non-coding closed RNA molecules. Studies of human tumors,
including lung cancer, have shown a change in the expression profile of circrna. CircRNA can
indirectly regulate gene expression by binding and inhibiting microRNA functions. Thanks to this
mechanism, circRNAs can regulate proliferation, apoptosis, invasion, and metastasis. In this
review, we showed a brief description of the expression and function of circRNAs, as well as their
roles in the development of lung cancer. We presented evidence that these molecules should be
studied as useful biomarkers for radon-induced lung cancer.
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The problem of lung cancer

The World Health Organization annually lists lung cancer among the leading causes of death.
Mortality from this disease is growing rapidly. In 2019, lung cancer ranked 6th in the number of deaths
among other diseases (https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death).
According to the data (https://gco.iarc.fr /) in 2020, lung cancer was one of the most common forms of
oncology (11.4%) and breast cancer (11.7%) was the second one.

Estimated number of new cases in 2020, worldwide, both sexes, all ages

Breast
2 261 418 (11.745)

Lung
2206 771 (11.4%)

Other cancers
8 B79 843 (46%)

Colorectum
1931 590 (10%)

Prostate
1414 259 (7.3%)
Stomach

1089 103 (5.6%)
Cervix uteri Liver

604 127 (3.1%6) 905 677 (4.7%)

Total : 19 292 789

The prevalence and mortality from lung cancer are increasing every year. Statistics show that only
26% and 8% of cancer cases are diagnosed at stages I and 1I, while 28% and 38% are diagnosed at stages
III and 1V, respectively [1].

Today, the main causes of detecting tumors in the lungs are methods of radiation (fluorography
and X-ray) and X-ray diagnostics (CT and MRI). It is worth noting, however, that in both cases, patients
are referred for research after the onset of symptoms. Non-small cell lung cancer is a rather aggressive
form of lung tumor, which is reflected in the short progression time of the disease [2]. Therefore, by the
time the first symptoms appear, lung cancer is often already in an advanced stage. In this regard, it is
necessary to find new ways of early diagnosis and detection of the risks of lung cancer in the framework
of screening the population. The introduction of screening for lung cancer will lead to the possibility of
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early diagnosis, as well as the identification of the risks of developing tumors.

Many studies have already shown the relationship between lung cancer and various molecular
markers: genetic polymorphisms [3, 4], freely circulating nucleic acids [5, 6], and microRNA molecules
[7, 8].

Lung cancer risk factors

It should be noted that lung cancer is primarily a multifactorial disease. This means that lung
cancer has several risk factors, which are a combination of genetic and environmental factors. [9]. A
high correlation has been demonstrated between smoking and lung cancer. Tobacco smoke has a
complex composition containing more than 5000 substances, some of which are recognized as
carcinogenic. These compounds can damage various cellular structures, provoking the cell to malignant
transformation [10]. However, smoking is just an external factor. The hydrophobic condensate of
cigarettes (HCC) can influence various cellular proteins and molecules. The effect of HCC on the RBM5
protein, which is a cell cycle modulator, is known. Overexpression of RBM5 attenuates cell proliferation
and invasion and reduces invasion mediators such as hypoxia-induced (HIF-1a), VEGF, and matrix
metalloproteinase (MMP-2). It has been shown to suppress RBM5 in lung cancer [11]. It was also found
that changes in the cell cycle are associated with the suppression of miR-218. HCC causes a decrease in
miR-218 levels and, consequently, an increase in the level of the CCAT1 protein in human bronchial
epithelium (HBE) cells. This contributes to the active proliferation, migration, and invasion of the tumor
cells [12]. Although cigarette smoke is recognized as the leading cause of lung tumors, it is known that
approximately 10% of all lung cancer cases in the United States were diagnosed in never-smoked
patients [13]. Other factors that provoke the onset and progression of this disease are officially
recognized as radon and asbestos [14].

Radon is a radioactive inert gas that makes up the natural radiation background of our planet. It is
formed during the decay of uranium in the soil. In the future, it will penetrate the residential premises
through cracks in the foundation, where it can accumulate for a long time [15]. According to statistics,
radon exposure is associated with more than 20,000 deaths from lung cancer per year in the United
States [16]. WHO has established maximum permissible levels for most countries of 100 Bq/m3,
(https://www.who.int/ru/news-room/fact-sheets/detail/radon-and-health) however, in some countries
this value has been increased to 200 Bq/m3. However, Lorenzo-Gonzalez et al. has shown that radon is a
serious risk factor for lung cancer in non-smoking patients exposed to radon above 200 Bq/m3 [17].

Radon is a risk factor for lung cancer

With respiration, radon enters directly into the lungs, which are the main target of its effects.
Radon isotopes are not stable and continue to decay into other elements. Each such transformation is
accompanied by the generation of a and  particles. These particles pass through the cells, irradiate
them with ionizing radiation. This leads to the oxidation of cellular components and DNA (double-
strand breaks in DNA, chromosomal aberrations) [18].

Seven point mutations and two deletions of the TP53 tumor suppressor gene were found in the
study of radon-induced lung cancer in uranium mine workers [19]. Although this study is more likely
about the cumulative effects of ionizing radiation from radon and smoking. However, world statistics
show that in countries where the uranium mining industry is developed, it is lung cancer that occupies
a leading position among other oncological diseases. According to the International Agency for
Research on Cancer, in 2020, 12% of all cases in Kazakhstan were lung tumors, in Canada (11.5%),
Australia (7.2%), USA (11.7%), Germany ( 11%) and Spain (11.05%) (http://gco.iarc.fr).

However, uranium miners are not alone at risk of radon-induced lung risk. A pooled meta-
analysis of the study showed that 6.9% of lung cancer cases in Canada were associated with home
exposure to radon [20].
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It is known not only about the association of radon with the risk of developing lung cancer
among the population. The dependence of the risk on the exposure dose is also noted. Torres-Duran et
al. determined that people who were exposed to more than 200 Bq/m3 of radon had a higher risk of
lung cancer than those who were exposed to low (<100 Bq/m3) [21]. Moreover, a concentration of up to
1 is known to increase the risk of lung cancer by 7% annually [22].

There is not much data that reveals the molecular aspects of the carcinogenic effect of radon. A
study of microRNA profiles in lung epithelial cells exposed to radon radiation was performed. Profiling
showed changes in the expression of many microRNAs, including those involved in the transformation
of malignant transformation of cells [23]. According to Wu J. et al., overexpression of miR-34a was
found during prolonged exposure to radon, which in turn increased the expression of the pro-apoptotic
protein Bax, as a result, it enhances cell apoptosis [24].

Irradiation with high doses of radon contributes to the migration and proliferation of epithelial
cells, a decrease in cell adhesion due to a decrease in epithelial markers, and an increase in
mesenchymal markers. Radon regulated the expression of matrix metalloproteinase 2 (MMP2) and
tissue inhibitors of metalloproteinase 2 (TIMP2). Moreover, exposure to radon leads to an increase in p-
PI3K, p-AKT, and p-mTOR, which induces cell invasion [25].

Exposure to radon causes aseptic inflammation in the tissues. It was shown that the level of cf
mtDNA in patients with radon-induced lung cancer was significantly higher than in patients who were
not exposed to high doses of radon and healthy donors [26].

Thus, there is no doubt about the relationship between radon exposure to the human body and
the risk of lung cancer. However, the molecular mechanisms of carcinogenesis require further study.

Circular RNA, biogenesis, and basic functions

Circular RNA (circRNA) is a class of non-coding, covalently closed RNA molecules. In
multicellular organisms, the expression of circular RNA is tissue specific. Due to the absence of free 3'-
and 5'-ends, circRNAs are practically do not subject to cleavage by nucleases, which makes them more
stable than most linear RNAs [27]. To date, many circRNAs have been identified and their role in the
development and progression of oncology is known [28, 29].

circRNAs, like linear RNAs, are transcribed by RNA polymerase II (Pol II) and contain introns
and exons. Their further splicing takes place using a special type of splicing called "reverse splicing".
With this type of splicing, the 5'-end of the molecule is 3'-end, which leads to a 3'-5 ‘phosphodiester
bond, which forms a circular RNA molecule [30].

Mature CircRNAs are usually located in the cytoplasm. The mechanisms of their nuclear export
have not yet been fully elucidated; their translocation most likely occurs with the help of RNA-binding
proteins [31].

CircRNAs can function as a sponge for microRNA molecules (miRNAs), which inhibit miRNA
activity and regulate the expression of their target genes [32].

Wei et al. found an increase in circZFR in thyroid cancer compared to adjacent normal tissues.
CircZFR promotes the expression of C8orf4, acting as a trap for miR-126. Thus, circZFR promotes
proliferation, migration, and invasion of thyroid cancer cells [33]. Another circRNA; circNEURL4 can
bind to miR-1278 and, thus, indirectly regulate the expression of LATS1 and, probably, can serve as a
diagnostic marker of thyroid cancer [34]. hsa_circ_0000977 can regulate the expression of the PLK1 gene
by inhibiting hsa-miR-874-3p in pancreatic adenocarcinoma [35].

The role of circRNAs in the development of lung cancer

Studies have shown that circRNA can indirectly regulate the expression of proteins associated
with the risk of lung cancer. There is a high level of CDRlas expression in NSCLC tissues.
Overexpression of CDR1as functions as an inhibitor of miR-7, increasing the expression of miR-7 target
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genes, including EGFR, CCNEL1, and PIK3CD. In vivo results further confirmed that CDR1as function as
an oncogene in lung cancer [36].

Overexpression of circMAN2B2 in lung cancer was detected. circMAN2B2 regulates FOXK1
expression through miR-1275 binding, which increases the proliferation and invasion of lung cancer
cells H1299 and A549 [37].

Wang et al. found that the localization of hsa_circ_0012673 in the cytoplasm promotes the
proliferation of lung adenocarcinoma cells by inhibiting miR-22, which targets tyrosine kinase 3 of the
erb-b2 receptor (ErbB3) [38].

High expression of hsa_circ_0020123 was observed in NSCLC tumor tissues, which was
associated with poor survival prognosis and lymph node metastases. miR-144 has been identified as a
target for hsa_circ_0020123. By binding to miR-144, hsa_circ_0020123 can activate ZEB1 and EZH2.
While the hsa_circ_0020123 knockdown significantly inhibits the proliferation and invasion of
adenocarcinoma cells and delays tumor growth in vivo [39].

circRNA-FOXO3 is a tumor suppressor in NSCLC and may serve as a promising therapeutic
target. circRNA-FOXO3 inhibits tumor growth role by binding to miR-155 and indirectly regulating the
expression of FOXO3. Dysregulation of FOXO3 is associated with the development of cancer due to the
regulation of increased AKT activity or PTEN inactivation, therefore FOXO3 is classified as a tumor
suppressor [40].

Hsa_circ_0000064 can act as a promising biomarker and therapeutic target for lung
adenocarcinoma. With metastasis, there is a noticeable increase in hsa_circ_0000064. The
hsa_circ_0000064 knockdown suppressed cell proliferation, promotes apoptosis, and blocks the cell
cycle in cells A549 and H1229, which may be associated with reduced expression of MMP-2 and MMP-9
[41].

Circ_0016760 was highly expressed in NSCLC, which is associated with rapid tumor development
and an unfavorable prognosis in patients. circ_0016760 can be considered as a predictive biomarker for
NSCLC. Mechanically, circ_0016760 acts as a sponge for miR-1287 and regulates the expression of
GAGEL. Thus, circ_0016760 can participate in NSCLC oncogenesis by transmitting circ_0016760 / miR-
1287 / GAGET1 signals [42].

Liu et al. found that the expression of circ-FOXM1 was closely associated with tumor invasion
from lymph nodes and an unfavorable prognosis for patients with NSCLC. Circ-FOXM1 promoted
proliferation and invasion of NSCLC cells by regulating PPDPF and MACCI levels through the
regulation of miR-1304-5p. This indicates that circ-FOXM1/miR-1304-5p/PPDPF/MACCI1 signaling is an
important element for the development and progression of NSCLC [43].

Conclusion

Numerous studies have shown that altered circRNA expression may affect carcinogenesis and
lung cancer progression. circRNAs are clinically important as they can be used as diagnostic markers
and therapeutic targets. circRNAs have several advantages. These molecules remain relatively stable
structures, suggesting that circular RNAs are ideal diagnostic biomarkers for the early diagnosis of
lung cancer. Based on the functional activity of circRNAs and communication with microRNA
molecules, complete diagnostic panels can be developed. Moreover, there are already data on the
changes in the circRNAs profiles upon exposure to radon [44] and radiation exposure [45]. These
studies provide a basis for the study of circRNAs as molecular markers for radon-induced lung cancer.
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3ymama Xaang,
Meduyuna eoiavimdapor 0orimi, [enys, Mmarus

Pagon TyabIpraH eKIIe iciri yIIiH >xaHa MOaeKyaaablK Ouomapkep periHgeri circRNAs

Anpaarma. CircRNAs xograamaran tyiieik PHK Moaexkyaaaapsr Goapinn Tabblaaabl. Ajgam
icikrepiH, coHbIH imriHge exme oObIpBIH 3epTTey circRNAs a skcrpeccusAaslk NnpouAiHiH esrepyiH
kepcetTi. circRNAs miRNA ¢yHkrusaiapsiMer 6ailaaHBICy JKoHe TeXKey apKBIABI I'eH DKCIIPeCCUCHIH
’)KaHaMa Typde perrenl adaabl. Ocel MexaHm3M apkblabl CircRNAs mpoandeparusiHel, armonTo3Asl,
VMHBa3WsHBI >KoHe MeTacTadabl peTTell adaapl. Maxasaga 6i3 circRNAs-TbIH 9Kcmpeccuschl MeH
YHKIIMACBIHBIH KBICKAIlla CHUIIaTTaMachlH, COHAAl-aK OJAapAbIH ©KIle iciriHiH JaMybIHAAFBl 9pTYpAi
peaaepin kepcetemis. bis Moaekyaaaapapl pajdoOH TyAbIpFaH ©KIIe iciri yIiH maitgaasl OoMapkepaep
peTiHAe 3epTTey KepeK eKeHAIll Typaasl A91eajep KeATipemis.

Tyiiin ce3aep: circRNAs, mukpoPHK, exnie oOb1ph1, OromMapkepaep, pajoH.

3ymama Xaang,
Aenapmamenm meduyunckux nayx, ernys, Mimarus

CircRNAs Kak HOBbBII MOAEKYASIPHBIV OMOMapKep pakKa AeTKMX, BBI3BaHHOTO pajOHOM

Annoramms. CircRNAs npeacrasasior co0oll HeKOAMPYIOIINe 3aMKHyThle Moaekyabl PHK.
VccaepoBanus orryxoaeii yea0BeKa, BKAIOYasl pakK AeTKHX, IIOKa3aAy M3MeHeHNe TpoQuAas DKCIIpeccun
circRNAs a. circRNAs MoXeT KOCBeHHO peryamupoBaTh BDKCIIPECCHIO T€HOB IIyTeM CBA3bIBAHMS U
nurubuposannsa  Qpynkiuii  MukpoPHK. baarogapss stomy wmexanmsmy circRNAs  criocoOHBI
peryanposarh mpoandeparuio, ariorTos, MHBa3MIO ¥ MeTacTa3ipoBaHne. B 9ToM 0030pe MBI ITOKakeM
KpaTKoe onucaHue skcrpeccun 1 GyHkimu circRNAs, a Takke 1X pasANMIHBIX POAell B pasBUTUM paKa
aerkux. MpI IpeacTraBasieM JOKazaTeAbCTBa TOTO, YTO DTU MOAEKyABl cAeayeT U3ydaThb B KadecTBe
I101€3HbIX OMIOMapKepOB paKa AeTKIX, BHI3BaHHOTO PaOHOM.

Karouesbie caosa: circRNAs, mukpoPHK, pak aerkoro, buomapkepsl, pa4oH.
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