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Liquid biopsy: a new diagnostic method in clinical oncology

The goal of modern medicine is early diagnosis socially significant diseases that reduce the ability to work
and affect on mortality in the population. Oncological diseases occupy second rank among the causes of
deaths in Kazakhstan. At the same time, lung cancer is leading, the death rate from which in the Republic is
17.6 % of the total mortality from cancer. The cause of high mortality is the lack of effective diagnosis of
lung cancer in the early stages of the disease. At the moment, clinical medicine does not have specific and
highly sensitive oncomarkers suitable for using in screening studies of the population. Free-circulating nucle-
ic acids, including mitochondrial DNA and microRNA, are stable in physiological fluids of the body, such as
blood, serum, saliva, urine, etc. Moreover, the results of numerous studies have shown that the level of free-
circulating nucleic acids can indicate pathological processes in the human body. This shows great prospects
for the use of free-circulating nucleic acids as biomarkers for non-invasive diagnosis of cancer. In this review,
we are presenting available data on the modern methods of non-invasive cancer detection, so called «liquid
biopsy» based on free circulating nucleic acids.

Keywords: lung cancer, liquid biopsy, biomarkers, mitochondrial DNA, microRNA, free-circulating nucleic
acids.

Currently, one of the problems of modern medicine is the growth of cancer rate in the developed coun-
tries, including Kazakhstan. Among malignant diseases the lung cancer occupies a leading position [1].

The lung cancer in the Republic of Kazakhstan makes up 11.4 % of the total number of malignant tu-
mors. By morbidity and mortality, lung cancer ranks first place in Kazakhstan [2]. Exposure to radon, a natu-
rally existing radioactive gas, is the second leading cause, according to the World Health Organization [3].
According to the experts the contribution of natural sources in the average annual radiation dose of the Ka-
zakh population currently stands at 80 %, including 50 % from radon [4]. The genotoxic effects of radon on
population of Kazakhstan are poorly understood, in spite of the fact that many regions of the country contain
the high levels of radon. Therefore the search for blood-based tumor biomarkers for early detection of lung
cancer is particularly acute in Kazakhstan.

Liquid biopsy is a revolutionary technique that is opening previously unexpected perspectives. It con-
sists of the detection and isolation of free-circulating DNA, as a source of genomic information in patients
with cancer.

In addition to the widely used methods of clinical diagnostics of cancer diseases, to date, a large amount
of evidence has been accumulated about the involvement of microRNA in the carcinogenesis of various tu-
mors, including lung cancer [5].

MicroRNAs (miRNAs) are small (~22 nucleotides), non-coding RNA molecules that regulate gene ex-
pression post-transcriptionally by inhibiting target mRNAs (Fig. 1).

As a result of the transcription of microRNA’ genes, pri-microRNA is formed, having a length of a
thousand base pairs. The nucleotide sequence of these molecules includes inverted repeats, due to which a
hairpin structure forms [6].

The microprocessor protein complex consisting of proteins are known as Drosha and Pasha. Pasha or its
analog in mammalian cells DGCRS, recognizes the features of the pri-microRNA’ structure. In the opinion
of some authors, Pasha/DGCRS8 recognizes the cleavage sites of pri-microRNA due to the presence in their
structures an extended terminal loop [7]. According to other authors, site identification is associated with the
transition point of the double-stranded RNA structure to flanking single-stranded areas [8] (Fig. 1).
DROSHA cleaves the 3' and 5' strands of a stem-loop in pri-miRNAs. After the events described above, oc-
curring in the nucleus, pre-microRNA is formed. Pre-microRNA has two free nucleotides at the 3'-end,
which are necessary for subsequent interaction with the Exportin 5 is a RanGTP-dependent protein that me-
diates nuclear export of pre-miRNAs.

Moreover the free nucleotides at the 3'-end are necessary for the interaction of pre-microRNA with a
protein called Dicer. This enzyme, which contains the catalytic domain of RNase III, cuts out of the pre-
microRNA’ loop that connects the 3'- and 5'-ends of the hairpin. As a result, short double-stranded RNA
molecules are formed [9].
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Figure 1. The microRNA biogenesis

The last stage of biogenesis of microRNA is mediated by the conversion of double-stranded RNA to
mature single-stranded RNA (Fig. 1), which is used to recognize their mRNA targets. This process takes
place with the participation of the RISC complex (RNA Induced Silencing Complex), which includes one of
the proteins of the Argonaute family (AGO1, AGO2). microRNA-RISC complex leads to degradation of
mRNA or block translational initiation [10].

An estimated one third of the human genome is regulated by microRNAs. Differentially expressed mi-
croRNAs have been identified in bronchopulmonary dysplasia, many of which regulate late lung develop-
ment and alveolarization. Evidence is increasing that microRNAs are particularly important in lung homeo-
stasis and development and have been demonstrated to be involved in many pulmonary diseases such as
astma, COPD, lung cancer and other smoking related diseases.

The important role of a differential expression of genes of microRNA in processes of malignant trans-
formation is shown, and profiles of an expression of microRNA carry a tumor — specific character [11]. Re-
cently, some microRNA-based drugs have been introduced as possible therapeutics agents. microRNAs act
as a converter / mediator in the gene network of oncogenes and onco-suppressors. In one case, microRNA,
regulated by oncogenes, can turn off onco- suppressor genes, which allows weakening cellular control over
proliferation and adhesion. In another case, the tumor-suppressor microRNA can suppress the action of the
oncogene (Fig. 2). Recently, some microRNA-based drugs have been introduced as possible therapeutics
agents.
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Figure 2. The role of microRNAs in carcinogenesis
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We have studied the level of a microRNAs expression in lung cancer patients in comparison with
healthy people [5, 12, 13]. The comparative analysis of blood free circulating microRNA in group of lung
cancer patients vs control group showed the high level of some oncomiRs such as miR-155-5p [12],
miR-19b-3p [5] and miR-125b-5p [13]. Our results demonstrate that expression of this microRNA in lung
cancer patients was in 2, 7 and 4 times higher respectively than in control group. That allows to draw a con-
clusion about the possibility of using free-circulating microRNA as biomarkers of lung cancer [11, 14].

The interesting data were obtained about the effect of smoking as the main risk factor for the develop-
ment of lung cancer and on the level of oncomiRs expression [5, 15]. In our studies the obtained results
demonstrated, that in the smoking group of lung cancer patients the expression level of miR-19b-3p and
miR-155 -5p was significantly lower than in the group of non-smokers lung cancer patients. It is possible
that this effect is explained a general decrease in all freely circulating miRNAs due to the inactivation of
DICER, which is the main enzyme of miRNA biogenesis, by tobacco smoke. Our results are consistent with
previous data, indicating the negative effect of tobacco smoke on miRNA biogenesis [16, 17].

Emerging evidence is establishing that microRNA are involved in regulating radiation-induced cellular
processes and can be exploited to serve as biomarkers of human radiation exposure [18]. Recently, it has
been shown that ionizing radiation can induce changes in miRNA expression profiles in normal human fi-
broblasts [18] and immortalized cell lines [19, 20]. An in vivo study found that microRNA signatures in-
duced by ionizing radiation in mouse blood are radiation type and dose-specific [21]. microRNA expression
signatures derived from mouse blood are exploited to serve as biomarkers for exposure to radiation [20]. An-
other study conducted on radiotherapy patients suggested that microRNA expression signatures can be used
as biomarkers of radiation exposure in humans [21].

MicroRNAs are very promising as cancer biomarkers, but additional studies, especially meta-analyses
of pooled data from different studies, are needed to validate the efficacy of microRNAs and to identify relia-
ble microRNA panels to be used as cancer biomarkers.

The results of recent studies show that the free circulating mitochondrial DNA (mtDNA) also can be
used as one of the promising markers for pathological processes’ detection. At the present time it has become
apparent that mitochondrial dysfunctions determine the development of many diseases, including malignant
tumors and autoimmune diseases [22, 23].

Mitochondrial dysfunction leads to production and accumulation of the reactive oxygen species (ROS)
which effect on the processes in the cells [24]. The accumulation of ROS in cells leads to oxidative stress
and can break the work of the mitochondrial enzyme systems. In normal physiology, mitochondria are very
important in the cell as they produce most of the adenosine triphosphate (ATP) via oxidative phosphorylation
system which is a necessary energy supply for cellular processes.

It is known that in the hypoxia conditions normal functions of the mitochondrial respiratory chain com-
plexes is disturbed, which is accompanied by increasing of mitochondrial membrane permeability. This pro-
cess is responsible for the exit of mitochondrial DNA into the cytosol.

It is shown that in cancer cells increasing an anaerobic glycolysis is observed. Also the number of mito-
chondrial DNA copies changes at various forms of cancer. The increased number of copies mtDNA was
found in a prostate and ovaries cancer, endometrial cancer and some forms of leukemia. To the contrary, the
reduced number of copies mtDNA was found in gastric and liver carcinoma, in a breast cancer and other
forms of cancer [25].

Mutations in the D-loop region were found both in mtDNA, directly isolated from liver carcinoma cells,
and in the free-circulating mtDNA in the blood plasma of patients with liver cancer, which indicates that
free-circulating mtDNA exists in the common free circulating DNA pool [26]. Whereas circulating mtDNA
was also found in the blood of healthy people, as well as in patients with various diseases [27], particularly
significant differences in the level of free circulating mtDNA were found between cancer patients and
healthy individuals [10]. This made it possible to use the quantitative analysis of the mtDNA copy number in
biological fluids (plasma / blood / urine) for early detection of different types of cancer [28].

Subsequent studies have shown that the level of free-circulating mtDNA can be used as a marker for the
survival prognosis of patients with malignant tumors of different locations. Thus, a high level of free circu-
lating mtDNA correlated with low survival of patients with prostate cancer [29].

Mitochondrial DNA is released in the circulation following general mechanisms of cell death: apoptosis
and necrosis (Fig.3). Oncosis is a non-canonical form of programmed cell also can cause the presence of
free-circulating mtDNA in the blood plasma of cancer patients (Fig. 3) [30].

88 BecTHuk KaparaHgmHckoro yHusepcurteTa



Liquid biopsy: a new diagnostic method ...

apoptosis

netosis

\

g ‘-. S —_—

T

necrosis/oncosis

Figure 3. The origin of free-circulating mtDNA

Given that under certain conditions, neutrophils form mtDNA neutrophil extracellular traps (NETSs), it
is feasible that the circulating mtDNA observed may have been released through netosis (Fig. 3).

The recent data suggest that mtDNA can also induce the non-infectious systemic inflammatory response
[30]. As we know that inflammation is a critical component of tumour progression. Therefore, it is quite pos-
sible that mtDNA can be not only a consequence, but also a cause of carcinogenesis.

Free-circulating mtDNA can be an indicator of carcinogenic effects [31]. Tan and colleagues show that
cigarette smoke leads to increasing the frequency of mutations in the coding regions and in the D-loop region
of mtDNA in buccal cells of smokers compared to the non-smokers [32]. Moreover, tobacco smoking causes
an increase in the level of free-circulating mtDNA in the plasma of patients with malignant tumors of the
head and neck [33].

The results of several studies indicate the possible role of circulating mtDNA as a biomarker of cellular
damage caused by chronic exposure to low radiation doses [34]. Animal studies showed a significant in-
creasing level of free-circulating mtDNA after X-ray exposure. In addition, the results of this experiment
detected a number of mutations in free-circulating mtDNA after X-ray irradiation, which were absent in the
control group without X-ray exposure [35].

The results of several studies indicate the possible role of circulating mtDNA as a biomarker of cellular
damage caused by chronic exposure to low radiation doses [33]. Animal studies showed a significant in-
creasing level of free-circulating mtDNA after X-ray exposure. In addition, the results of this experiment
detected a number of mutations in free-circulating mtDNA after X-ray irradiation, which were absent in the
control group without X-ray exposure [35].

Radiation therapy of cancer diseases also leads to increasing the level of free-circulating mtDNA in the
plasma of patients and, consequently, this indicator can be used to monitor the effectiveness of treatment
with ionizing radiation of cancer patients [36].

However, the influence of environmental factors on the level of free-circulating mtDNA at the moment
is still not understood. Further research in this area can contribute to the development of preventive diagnos-
tics aimed at identifying potential health risks associated with the impact of adverse environmental condi-
tions or an incorrect lifestyle.

Several studies have shown that the level of the free-circulating mtDNA can be use as a biomarker of
the cancer therapeutic resistance. For example, two independent studies have shown that a decrease in the
level of free-circulating mtDNA associated with resistance to antitumor drugs such as anthracyclines and
taxanes [37, 38]. Moreover Sanson et al., have shown that exogenous mtDNA can act as an oncogenic signal
that promotes the activation of cancer stem cells after therapy. The horizontal transfer of mtDNA in the form
of extracellular vesicles in contrast, provoked the development of resistance to hormonal therapy for breast
cancer [39].

The correlation between the low level of mtDNA in the patient's plasma and the low susceptibility of
the tumor to the drugs can be explained by the absence of death of tumor cells, which mediates the massive
yield of free-circulating mtDNA, i.e. cancer therapy does not induce apoptosis / necrosis of tumor cells. Con-
sequently, free-circulating mtDNA as a kind of marker of cell death can be used to monitor the effectiveness
of the cancer therapy. A decrease in the level of free-circulating mtDNA in the blood plasma of lung cancer
patients was shown in the case of resistance to erlotinib [40].
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For many years, researchers have tried to create effective methods for cancer diagnosis, allowing de-
tected malignant tumor at an early stage of development. Moreover, these diagnostic methods should be
characterized by high specificity, sensitivity, absence of complications and to be sufficiently simple in tech-
nical terms. At the moment, molecular technology called «liquid biopsy» is becoming increasingly popular.
A tissue biopsy is the «gold standard» of modern oncology. Despite the high accuracy, this method is very
expensive, traumatic and unacceptable for mass screening studies of the population. «Liquid biopsy» is
based on the use of physiological body fluids, such as blood, urine, saliva, etc., and has no risks for the pa-
tient compared to tissue biopsy. The markers in this case are free-circulating nucleic acids: microRNA and
mitochondrial DNA.

Diagnostic methods based on the detection of free-circulating nucleic acids can be used not only in
screening studies, but also serve as a reliable marker for the prognosis of the disease and the effectiveness of
cancer therapy.

Thus, understanding the nature of these molecules, the mechanism of the biogenesis of free-circulating
nucleic acids and their involvement in the processes of carcinogenesis is importance for personalized treat-
ment of cancer diseases.
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C¥ﬁbll( omomncusa: KINHHUKAJIBIK OHKOJOIHAHBIH KaHA THATHOCTHKAJIBIK GI[iCi

3amMaHayH MEIMIMHA aNJbIHAA XaJIBIKTHIH CHOCKKE KaOUMeTTUIriH TOMEHACTETIH JKOHE XaJBIKTHIH JKaJIIIbI
OJIIMiHIH KOPCETKILIiHEe acep €TEeTiH AIeyMETTIK MaHbI3bl aypyJap/bl epTe aHBIKTay Macelieci 6Te MaHbI3/bI.
Onkonorusutslk aypynap Kaszakcranmarsl eiim cebentepi OoiibiHIna exiHimi opbiaFa ue. COHBIH imiHIe
PecnyGnykanarbl e1iM-KITIMHIH kKannbl yiaeciHin 17,6 %-bIH KypaHTbIH eKIe KaTepii iciri — aJIbIHFbI
cebenTepain Oipi. OIIMHIH YJIKeH BIKTUMAIABIFBIHBIH ce0e0i OChl aypynasl aiFallkel CaTbUIApBIHIA
JIMarHoCTUKal1ay oTe KublH. Kasipri ke3je KIMHUKAJIbIK MEAWIMHANA XaJIbIKKA CKPHHHHITIK 3epTTey/e
KOJIJaHyFa Kapam/ibl, Criel(UKAIBIK KOHE OTe Ce3iMTall OHKOMapKepiep jKOK. EpKiH aiiHanaTelH HyKJICHH
KBIIKBULIAPEI, COHBIH iminae MutoxoHapusuibik JJHK xone MukpoPHK, kaH, capeicy, cijekeil, Hecel KoHe
COJI CHAKTBI (DM3MONIOTHSUIBIK CYHBIKTBIKTapia Typakrbl. CoHIaii-aKk KenTereH 3epTTeyNepliH HOTHXelepi
epKiH alHaJIaThlH HYKJICWH KbIIIKbUIAPBIHBIH JIEHIedi ajaM aF3achIHAAFbl MATOJOTHSIBIK YpPAiCTepAi
KepceTe allaThIHBIH Joneijieni. byl OHKONOTHSIBIK aypysapibl MHBA3HBTI €MeC AMAarHOCTHUKANAay YIIiH
Ounomapkepnep  periHAe epKiH  aifHajgaTblH  HYKJIEGHMH  KbIIIKBULAAPBIH  MaljalaHy/AblH  YJIKEH
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nepcrnekTuBanapbiH  kepcereni. Illonmy Makanaga aBropiap epkiH aifHaJaTblH HYKJIGHH KbILIKbUIAAPbI
HeTi31H/eri «CyWbIK OMOTICHSD JeTl aTalaThIH KaTepii iCIKTI MHBAa3UBTI eMeC aHBIKTAayIblH 3aMaHayH dictepi
TypaJlbl A€PEKTEp Typasbl OastHIabL.

Kinm cesoep: exme Katepii iciri, cyiibIKk Oumormcus, 6unomapkepiep, muroxouapusuislk JJHK, muxpoPHK,
epKiH aifHaIaThIH HYKJIEHH KBIIIKBUIIAPEL.

O.B. bynrakosa, A. K. Kaycoekosa, P.1. bepcumbaen

Kuakasa Ouoncus: HOBbIA JTUATHOCTHYECKNHA METO] B KJINHUYECKONH OHKOJIOTHH

Ilepen coBpeMeHHONH MEIUIMHOW OYEHH OCTPO CTOHMT BOIPOC PAHHEH NUAarHOCTHKU COIMAJIBHO 3HAYMMBIX
3a00JIeBaHNi, CHIKAIOIUX TPYJOCIIOCOOHOCTh HACEIECHMS M BIMAIOLIMX Ha MOKa3aTelb o0Lieil cMepTHOCTH
B nonyssiud. OHKoJOrH4Yeckue 3a00IeBaHusl 3aHUMAIOT BTOPYIO PaHTOBYIO MO3HMLMIO CPEOM NMPUYMH CMep-
teil B Kazaxcrane. IIpu 3TOM nuaupyeT pak JIETKOro, CMEPTHOCTb OT KOTOPOTO B PECITyOJIHMKE COCTaBISET
17,6 % ot oOmei 1onu cMepTel OT 3710KaueCTBEHHBIX Heornasuid. [IpuuriHa BEICOKOH BEPOSTHOCTH J€Talb-
HOTO HCXO0Ja KpOeTcs B KpaiHe 3aTpyAHUTEILHOW AMArHOCTHKE NAHHOTO 3a00JeBaHUS Ha PaHHHUX CTaAUIX
pa3BuTHs. Ha naHHBI MOMEHT KIMHWYECKas MEAWIMHA HE UMEeT CHelU(UISCKHX U BHICOKOUTYBCTBHUTENb-
HBIX OHKOMapKepOB, NPUTOIHBIX YISl UCIIONB30BAHMS B CKPHHHUHIOBBIX HCCIENOBAHUSIX HaceneHus. CBo-
00HO IUPKYJIUPYIOINE HYKICHHOBBIE KHCIOTHI, BKIIOYAaromue B ceds muroxoHapuaneHyo JHK u muk-
poPHK, nocratouHo ycToiuuBbl B (U3HOJIIOTHUECKHX KUAKOCTAX OPraHU3Ma, TAKUX KaK KPOBb, CHIBOPOTKA,
CIIIOHa, Mo4a ¥ T.JA. bonee Toro, pe3ynbraThl MHOrOYHCIICHHBIX HCCIECI0BAHUIT TOKA3aIM, YTO YPOBEHb CBO-
0O0JHO LMPKYJIUPYIOUIMX HYKJICHHOBBIX KHUCIOT MOXKET OTPa)XaTh IaTOJOTHYECKHE NMPOLECCHl B OpPraHU3Me
YenoBeKa. JTO FOBOPUT O OOJIBLIMX MEPCHEKTHBAX UCIONB30BAHHS CBOOOJHO-IUPKYJIHPYIOINX HYKICHHO-
BEIX KHCJIOT B KauecTBe OHMOMapKepoB IUIsi HEHHBA3UBHOM IHATHOCTHKU OHKOJIOTMYECKHX 3a00JICBaHUM.
B mannOoM 0030pe MBI IIpeACTaBIIEM UMEIOIINECs JaHHbIE O COBPEMEHHBIX METOAaX HEHHBA3WBHOI'O BBISIB-
JICHHUS paka, TaK Ha3bIBAEMOH (OKHIKOI OMOIICHM», Ha OCHOBE CBOOOIHBIX IHPKYIHPYIONINX HYKJIEHHOBBIX
KHCIIOT.

Knioueswie crosa: pak nerkoro, sxunkast 6uorcus, 6nomapkepsl, Mutoxonapuanbaast JJHK, muxpoPHK, cBo-
601HO-LIUPKYIUPYIOMINE HYKIEHHOBbIE KHCIIOTBI.
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