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CIRCULATING RNA IN BLOOD PLASMA AS DIAGNOSTIC TOOL FOR CLINICAL ONCOLOGY
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One of the key challenges facing today’s oncology is the discovery of early predictors of malignant neoplasms in patients’ biological samples. Liquid biopsy is a
noninvasive diagnostic technique based on the detection and isolation of tumor cells, tumor-derived nucleic acid and exosomes circulating in the blood plasma of
cancer patients. There is a plethora of research studies of circulating tumor DNA in patients with MN. The active proliferation of tumor cells occurs in the backdrop

of altered gene expression. The presence of tissue-specific transcripts in the circulating RNA fraction suggests that levels of circulating RNA reflect the development of
the primary tumor. We think that cell-free RNA circulating in the blood plasma is a promising molecular biomarker for early cancer detection.
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AHAJIN3 BHEKJIETOYHOW ®PAKLIMU PHK MJIASMbl KAK UHCTPYMEHT AUATHOCTUKWN B OHKOJIOMMn

E. A. Nonomapse =, B. B. Kometosa, B. B. PogvoHoB
HaumoHanbHbIi MeaULIMHCKNIA CCNefoBaTENbCKUN LIEHTP aKyLLIepPCTBa, MMHEKoNorin 1 nepuHartonorim nmenn B. . Kynakosa, Mockea, Poccus

OpfHa 13 KMto4eBbIX 3afa4 COBPEMEHHOM OHKOAMArHOCTVKM — MOVCK PaHHNX MPEAVKTOPOB 3/10Ka4eCTBEHHbIX HOBOOOpasosaHuii (3HO) npu aHannse Hanbonee
[OCTYMHbIX BIAOB BriomaTteprana. >KnakocTHas broncus NpeacTasnseT cobon ofHy 13 HeVHBA3MBHBIX METOAVK 1 BKITIOYAET B cebs OOHapy»>KeHVe 1 BbiaeneHne
LIIPKYAIVPYIOLLIMX OMYyXOSEBbIX KNETOK, LIMPKYIMPYIOLLMX OMyXONEeBbIX HYKNEMHOBBIX KMCIOT 1 9K30COM W3 Mia3Mbl KPOBM Y MaLMEHTOB CO 3/10Ka4eCTBEHHbIMM
3abonesaHnAaMU. MHOXXeCTBO paboT MOCBALEHO UCCNeAoBaHMio BHeknetTodHon dpaxkummn JHK npn 3HO. BmecTe ¢ Tem akTuBHytO npoandepaumio
TPaHC(OPMMPOBAHHBIX KNETOK NPV Pa3BWTUM OMyXosell CONPOBOXAAIOT 3HAYNTENbHbIE U3MEHEHVS SKCMPEecCUn onpefeneHHbix reHoB. ObHapy>keHne
TKaHecneLmdUYHbIX TPAHCKPUMTOB B COCTaBe BHekneTo4dHo PHK nnaamel kposm (BHPHK) Mo3BoNSieT MPeanonoxXmTb, YTO NPEACTaBAEHHOCTb LIMPKYIMPYHOLLMX
B nnasme PHK cBsizaHa ¢ passuTiieM NaTtonorn4eckoro NpoLiecca HemoCpeaCcTBEHHO B MEPBMHHOM o4are. Ha Haw B3rmisg, BHPHK nnaambl Kposv NpeacTasnatot

MPaKTVHECKYIO LIEHHOCTb B KQ4eCTBE MOMEKYNSPHO-TEHETUHECKIX MapKEePOB PaHHEN AnarHOCTUKI B OHKONOMW.
KntoueBble cnosa: LVPKYVPYIOLLME HYKIIEMHOBBIE KMCNOTbI, Masma KpoBu, LMPKYMpYtoLLve onyxonesble knetku, BHPHK, MukpoPHK, 6riomapkepbl, OHKOMorms

®duHaHcupoBaHue: ccrefoBaHne BbiNoHEHO B paMkax paboT no focyaapcteeHHoMy 3adaHnio NeAAAA-A18-118053190012-9 «PaspaboTka TeCT-CUCTEMbI 15
paHHen ANarHOCTUKN paka MOMIOYHON >Kenesbl M paka SMHHNKOB Ha OCHOBE aHan3a CBOOOAHO LIMPKYAMPYIOLLIMX (BHEKNETOUHbIX) PHK nepridepryeckoit kposu».
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Diagnostic tests known as liquid biopsies hold promise for
the future of cancer screening. They are capable of detecting
tumor-derived biomarkers in the blood serum of patients
with malignant neoplasms (MN), including circulating tumor
cells, circulating tumor DNA or RNA, and exosomes. Liquid
biopsy samples can be analyzed using a few different types
of analysis, such as quantification of individual analytes, including
proteins, identification of nucleic acid sequences of the analyte,
profiing DNA methylation, etc. [1]. The analysis of cell-free nucleic
acids circulating in the blood plasma allows assessing the genetic
heterogeneity of the tumor in response to anti-cancer therapy [2, 3].

It is known that apoptotic and necrotic cells release
DNA or RNA fragments and exosomes (membrane-bound
encapsulated subcellular structures containing proteins and
nucleic acids derived from tumor cells) into the bloodstream [4].
From the early stages of carcinogenesis through the advanced
stages of metastatic spread, tumor cells accumulate specific
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mutations and epigenetic modifications; these changes can be
spotted by the analysis of cell-free nucleic acids.

Analysis of circulating DNA

The analysis of circulating DNA has been used in clinical
oncology for over 20 years to aid the diagnosis and monitoring
of the following cancers: lung [5, 6], head and neck [7],
esophageal [8], breast [9], hepatic [10], colon [11], pancreatic
[12], renal [13], and others. As a rule, the tests look for the
presence of mutations in oncogenes, tumor suppressor genes
and microsatellites [6, 9, 13]. Similarly, DNA methylation analysis
has some diagnostic and prognostic value and can be employed
for monitoring tumor growth [8, 14]. Quantitative aberrations of
circulating DNA have been also reported in other pathologies
besides MN, including preeclampsia [15], fetal chromosomal
aneuploidy [16], and pernicious vomiting of pregnancy [17].
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Analysis of circulating mRNA

The active proliferation of tumor cells and tumor evolution are
accompanied by the pronounced changes in the abundance
of various transcripts, some of which, like mRNA, can be
quantified by RT-PCR [18]. RT-PCR was successfully used
to measure the levels of circulating mRNA transcripts of
housekeeping genes in the blood samples of healthy individuals
and cancer patients [19]. Circulating RNA was also studied
in patients with melanoma [20-22], follicular lymphoma [23],
breast [22, 24-28], colon [23, 29], hepatic [30], esophageal
[21], nasopharyngeal [31], thyroid [22], prostate [40, 41], lung
[32] and other cancers. However, research into cell-free RNA
is not limited to malignancies: its levels were investigated in
patients with trauma [33, 34], diabetic myopathy [35], and
pregnancy (fetal mRNA) [36].

A study demonstrated a statistically significant difference
in hTERT mRNA levels between patients with early stages of
breast cancer (BC) and healthy individuals. The presence of
hTERT mRNA in the blood plasma of BC patients was affected
by the surgical removal of the tumor [25]. However, it is unlikely
that hTERT is a BC-specific marker because its concentrations
also change in patients with melanoma and thyroid cancer [22].
The levels of hMAM mRNA expression in the blood plasma
were correlated with unfavorable prognosis and poor survival
in BC patients [26]. In another study, patients with BC were
shown to have elevated Bmi-1 mRNA as compared to healthy
donors [27]. According to a recent report, LincRNA-ROR (long
intergenic non-protein coding RNA regulator of reprogramming)
might be a potential biomarker of BC; considering that its
plasma levels decline in the postoperative vs. preoperative
period, this marker can be exploited to monitor a BC patient’s
condition [28].

It is reported that serum MMP-9 is elevated in the late
stages of ovarian cancer and correlates with poor prognosis,
which suggests the potential prognostic value of this biomarker
[37]. The presence of circulating HMGA2 ctRNA may also be
a promising tool for the diagnosis and monitoring of ovarian
cancer [38].

Patients with advanced prostate cancer were shown to have
higher levels of circulating cBMP6 mRNA than those with the
localized lesion. At the same time, H3K27me3 is characterized
by inverse distribution, and its levels are significantly lower in
patients with metastatic prostate cancer than in those with early
stages of the disease. Thus, post-treatment levels of circulating
cBMP6 and H3K27 mRNAs are discriminators between
metastatic and localized prostate cancer [39]. Levels of hnTERT
mRNA in the blood plasma might be another biomarker for
distinguishing between localized and locally advanced prostate
cancer [40].

Analysis of exosome composition

Ever more attention has been paid to the research into the
extracellular vesicles (exosomes and microvesicles) secreted by
the tumor that are thought to promote invasion and metastatic
spread [41, 42].

Extracellular vesicles are specialized membrane organoids
secreted by most cell types; they contain various molecules,
including RNA, lipids, proteins, and metabolites [43, 44]. At
present, extracellular vesicles are being increasingly recognized

as mediators of cell-to-cell communication, transporting mRNA
from cancer to normal cells across the extracellular matrix [45, 46].

Microvesicles contain microRNA, different types of long
RNA, including mRNA, circular RNA and long non-coding RNA
[47, 48]. RNA profiles of extracellular vesicles isolated from
healthy individuals and patients with hepatocellular carcinoma
are significantly different [48].

Analysis of circulating microRNA

MicroRNA comprises a group of non-coding regulatory RNA
consisting of approximately 22 nucleotides and playing an
essential role in the regulation of gene expression [49]. Relatively
high stability makes microRNA a more advantageous biomarker
than mRNA. MicroRNA is found both inside and outside
exosomes [50, 51] and is highly stable due to its association
with argonaute proteins [52] or lipoprotein complexes, like high
density lipoproteins [53].

There were attempts to analyze circulating microRNA in
patients with lymphoma [54] and in the plasma/serum samples
of patients with prostate cancer [55]. Plasma levels of miR-26a
can be indicative of ovarian epithelial cancer [56]. Patients with
BC have significantly elevated concentrations of 4 different
microRNAs (miR-148b, miR-376¢, miR-409-3p, miR-801) [57].
Increased levels of miR-16, miR-21, and miR-451 and low miR-
145 concentrations were observed in the plasma of patients
with BC [58]. Used in combination, miR-145 and miR-451 were
shown to be the best biomarkers of BC, helping to discriminate
between BC patients and healthy individuals or patients with
other cancers.

Challenges and limitations

Although the analysis of circulating RNA has impressive
potential for the application in different fields of medicine, it
is not free from drawbacks. Errors occurring during target
amplification can affect the results of RNA quantification,
especially when dealing with small numbers of analytes [59].
Some discrepancies might be due to the different efficacy of
the applied reverse-transcriptase amplification techniques
observed for different microRNA and mRNA sequences
in different molecular environments. Therefore, PCR-free
strategies for detecting circulating RNA seem to be most
attractive [60, 61].

Today, most diagnostic approaches based on the analysis
of circulating RNA have relatively low specificity and sensitivity
[62]. Their improvement requires further large-scale prospective
cohort studies.

CONCLUSIONS

The analysis of circulating RNA in cancer patients has a high
diagnostic and prognostic value. The informative value of liquid
biopsy can be considerably improved by separately analyzing
the exosomal and cell-free circulating RNAs, including
microRNA. Standardization of sample collection, circulating
RNA extraction and the analysis of the obtained results will
help to reduce the number of false-negative and false-positive
results. Further large-scale prospective cohort studies are
needed to select the most sensitive and specific circulating
RNA panels.
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