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Introduction

Aim. To identify potential cancer driving or clinically relevant molecular events for a patient with hepatocel-
lular carcinoma. Methods. In order to achieve this goal, we performed RNA-seq and exome sequencing for
the tumor tissue and its matched control. We annotated the alterations found using several publicly available
databases and bioinformatics tools. Results. We identified several differentially expressed genes linked to the
classical sorafenib treatment as well as additional pathways potentially druggable by therapies studied in
clinical trials (Erlotinib, Lapatinib and Temsirolimus). Several germline mutations, found in XRCC1, TP53
and DPYD, according to the data from other clinical trials, could be related to the increased sensitivity to
platinum therapies and reduced sensitivity to 5-Fluorouracil. We also identified several potentially driving
mutations that could not be currently linked to therapies, like deletion in CIRBP, SNVs in BTGI, ERBB3,
TCF7L2 et al. Conclusions. The presented study shows the potential usefulness of the integrated approach to
the NGS data analysis, including the analysis of germline mutations and transcriptome in addition to the cancer
panel or the exome sequencing data.

Keywords: NGS, cancer, systems biology, pathways, pharmacogenetics, personalized medicine

of regulatory networks [1]. Therefore, reconstruc-
tion of regulatory interactions is necessary for un-

Carcinogenesis is considered to be caused by altera-  derstanding the processes of carcinogenesis in addi-
tions in specific genes associated with dysfunction tion to the identification of molecular targets for the
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antineoplastic drugs. The systems biology analysis
of transcriptomic data makes it possible to identify
and interpret the effects of mutations and gene ex-
pression deregulation. In cancer research, the goal of
systems biology is to decipher the impact of genetic
and epigenetic aberrations in cancer cells on their
homeostasis, intercommunication and response to
possible treatments [2]. This approach is particularly
important for precision oncology, since each tumor
is unique in terms of genetics and pathological regu-
lation of signaling pathways. The reconstruction of
the patient-specific signaling pathways could help
clinicians to identify the most effective treatment.

One of the interdisciplinary tools of system biol-
ogy is known as the next-generation sequencing
(NGS) technology. NGS platforms perform mas-
sively parallel sequencing, so millions of DNA frag-
ments are sequenced at a time. Such large-scale se-
quence analysis of the genome and transcriptome is
vital for developing effective strategies in personal-
ized cancer therapy. Specifically, this NGS-oriented
approach is important for choosing between the
treatment schemes, when selecting patients are like-
ly to benefit from targeted therapies [3]. The person-
alized NGS-based analysis promotes clinical deci-
sions when standard therapy does not give the ex-
pected results or leads to tumor resistance.

Hepatocellular carcinoma (HCC) is one of the
most often diagnosed types of liver cancer and oc-
cupies the 6th place in frequency of all cancer types
[4]. In this work we aimed to identify potential can-
cer driving or clinically relevant molecular events
for a patient with HCC using NGS technology.

Materials and Methods

Samples collection and extraction of RNA/DNA

Genomic DNA and total RNA were isolated from
fresh-frozen samples of hepatitis-negative HCC and
adjacent non-cancerous tissue liver using Wizard SV
Genomic DNA Purification System, Promega and
PureLink RNA Mini Kit, Life Technologies with
DNase treatment, respectively. Samples were collect-
ed from 66 years old male patient with histologically

verified moderately differentiated HCC after tumor
resection with informed consent, conforming to the
ethical guidelines of the 1975 Declaration of Helsinki.

RNA quality was checked using Agilent 2100
Bioanalyzer; only samples with RIN (RNA integrity
number) > 7 were taken for analysis. Before library
preparation, ribosomal RNA was removed using
Ribo-Zero Gold rRNA Removal Kit (Epicentre).
rRNA-depleted RNA was then processed using
TruSeq Stranded mRNA Library Prep Kit (Illumina).
Libraries were sequenced on HiSeq2000 instrument
with TruSeq v. 3 chemistry. Read length was 101
from each end of the fragment.

Read processing

Before calling SNVs and indels, sequencing reads
were trimmed [5] and aligned to the hg19 reference
genome with bowtie2 [6]; the alignment was there-
upon deduplicated, indel-realigned and base-quality
recalibrated [7].

SNV and indel calling

In order to identify somatic and germline single nu-

cleotide variants insertions/deletions, we ran

VarScan? [8] in the somatic mode on tumor and con-

trol samples. The discovered variants were annotat-

ed using the Annovar [9]. The following parameters
were used:

* VarScan p-value < 0.05 (somatic p-value for so-
matic variants, variant p-value for germline vari-
ants)

» Fraction of reads with alternative allele found in
tumor sample > 20 %

 Variant belonging to exonic or splicing region

* >10 reads for alternative allele in tumor sample

Identification of damaging mutations

In order to assess mutation impact upon a protein
function we utilized MutationAssessor [10] and
PolyPhen2 [11]. Additionally CHASM [12] software
was used to differentiate between potential driver
and passenger mutations. The following filters were
applied: MutationAssessor score classification is
high, low or medium OR Polyphen? class is “delete-
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rious”, OR CHASM score is less than 0.5, OR muta-
tion is “nonsense”.

Differential expression

For the differential expression analysis we followed
the popular protocol [13], using Tophat2 for reads

SURVIVAL

mapping and DESeq [14] for discovering genes with
significantly different expression levels. We used 0.05
as a threshold for p-value, and left only genes for
which expression levels ratio between normal and can-
cer tissues exceed 2. We also calculated logratio for
each gene as log2 (expr. in tumor)/(expr. in normal).
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Fig. 1. The distribution of genes with altered expression across different cancer hallmark processes.
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Results and Discussion

RNA differential expression data analysis

As aresult of RNA-seq data analysis we have identi-
fied 497 upregulated and 359 downregulated differ-
entially expressed genes with FDR<0.05. No clear
markers of pharmacological response (either FDA or
preclinical) were found among them. In order to get
indirect evidences about favorable pharmacological
interventions we have classified obtained genes us-
ing different cancer hallmark processes (see Fig. 1)
and checked the expression of genes, related to the
pathways implicated in HCC treatment responses.
Sorafenib is a multikinase inhibitor and the first
target drug approved by the FDA for the HCC treat-
ment [15]. In the studied tumor sample, PDGFA
gene is upregulated relative to the control values,
supporting the potential activation of the PDGF-
signaling. We checked the CTD database [16] in
order to define other cancer-driving differentially
expressed genes, potentially affected by sorafenib

Table 1. 1dentified somatic variants

action. Among the overexpressed genes is BIRCS
which is a negative regulator of apoptosis that pre-
vents apoptotic cell death and that can be down-
regulated by sorafenib [17]. Sorafenib can also in-
hibit HCC cell proliferation by blocking RAS/
RAF/MAPK and PI3K/AKT/mTOR pathways acti-
vated by overexpressed growth factor EGF [18].
However, the genes described above could not be
used for evaluation of sorafenib effectiveness in
this case.

Alternatively, overexpressed EGF gene is a mark-
er of EGFR/ERBB cascade activation with down-
stream PI3K/AKT1/mTOR and JAK/STAT signal-
ing. In general, these cascades could be targeted by
EGFR and ERBB2-inhibiting drugs Erlotinib and
Lapatinib [19]. A drug specific for PI3K/AKT1/
mTOR inhibition, Temsirolimus, could be specifi-
cally important because of the sorafenib ineffective-
ness for this cascade. We further discuss the EGFR
cascade and the corresponding drugs below in the
context of the found genetic alterations.

Chromosome position Gene symbol Normal haplotype | Tumor haplotype Aminoacid change Effect predicted
chr10_ 123324040 FGFR2 Cc|C ClIA VS55F MA
chrl2 56493724 ERBB3 GG GIA DI1014N CHASM
chrl2 92537924 BTG1 TIT TIA K150* Nonsense
chr7 94041987 COL1A2 GG GIA G499D MA
chr10 114912166 TCF7L2 AlA AT Q355H MA
chrl5_ 75091004 CSK GG G|C G22R MA, g;leSM,
chrl9 1271421 CIRBP GG GIA G1028 MA
chr2 132240363 TUBA3D AlA A|G Y432C MA, PP2
chr2 43520196 THADA GG G|IT A1532D MA
chr2 55867797 PNPT1 C|IC C|G V705L MA
chrd4 164085514 NAF1 GG GJ|A S132L MA, PP2
chr7 73442522 ELN C|IC C|T A2V MA
chr12 124422296 CCDC92 T|T T|C N102S MA
chrl3 52516523 ATP7B T|T TIA K930N MA
chr19 53014336 ZNF578 T|T TIA N234K MA, PP2
chr5 141335930 PCDHI12 GG G|A S496L MA, PP2
chr8 142200495 DENND3 C|C C|T H1040Y MA
chr9 97081966 FAM22F GG G|A P472S MA
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Somatic SNVs and InDels

Exome sequencing revealed 9250 SNVs in the ex-
onic or splicing regions, 77 somatic and 9173
germline variants. In order to identify somatic
SNVs, potentially driving the cancer progression,
we first filtered out dbSNP and silent mutations,
leaving 23 missense or nonsense SNVs. Among
these variants in the exonic or splicing regions, we
identified 18 (see Table 1), predicted to be damag-
ing by at least one of these tools: PolyPhen2 (PP2),
MutationAccessor (MA) or CHASM (see Materials
and Methods).

Using filtering, described in Materials and Me-
thods, we have also identified 3 deletions in exonic
regions, described in Table 2.

Somatically disturbed molecular pathways

All somatic SNVs and indels were manually curated
in order to identify possible cancer driving pathways
and potential pharmacological interventions. Some
of the examples are presented below.

ERBB3 and EGFR pathway

EGFR/ERBBI1, ERBB2 and ERBB3 comprise an
EGFR family of tyrosine kinases. Interacting with
corresponding ligands and forming the functional
homo and hetero-dimers, EGFR/ERBB-receptors
could transfer the signal inside the cell, regulating
proliferation, migration and apoptosis. ERRB3,
mutated in the studied tumor sample, can bind to
the ligands but does not have its own kinase activ-
ity. Thus, ERBB3 could activate the downstream
signaling only in complex with other ERBB recep-
tors [20].

Mutation in ERBB3 is found as potentially driv-
ing by CHASM and statistically significant overex-
pression of EGF as well as less significant but coor-
dinated overexpression of other members of this

Table 2. Somatic indels

cascade, could characterize the aberrant activation
of this mechanism in studied tumor.

The main signaling cascades activated down-
stream of EGFRs are PI3K/AKT1, MAP-kinase, and
JAK/STAT (see Fig. 2). The activation of these cas-
cades leads to the inhibition of apoptosis, uncon-
trolled cells proliferation and other pro-oncogenic
processes. This activity can be suppressed by EGFR
and ERBB2 inhibitors — Erlotinib and Lapatinib
[19]. There are several ongoing clinical trials, where
these drugs are used as a second line therapy of HCC
or in combination with sorafenib.

Alternatively, taking into account the PDGFA over-
expression, the switch to the MTOR signaling is one
of the probable scenarios. This cascade and its down-
stream targets could be suppressed by Temsirolimus.
It could be specifically important because the mTOR
activity is not targeted by standard sorafenib treat-
ment. There are several clinical trials, where temsiro-
limus is used in combination with sorafenib for HCC
treatment (NCT01008917).

BTGI — potential driver

The gene BTG interacts with several nuclear recep-
tors that could regulate differentiation of the cells
[21], see Fig.3. The somatic nonsense mutation
K150*(chr12: 92537924) in BTG is probably dam-
aging. It leads to the partial deletion of C-terminal
region that is necessary for the BTG1 accumulation
in nucleus and interaction with other proteins [22].
Among the negative targets of BTG are antiapop-
totic genes MMPY, BCL2 and CCNDI, that could
switch the tumor cells behavior towards the prolif-
erative mode in response to the damaging B7G/ mu-
tation. Additionally, BTG/ is shown to be downregu-
lated in HCC [23]. Summarizing, these evidences
support the hypothesis about BTG/ as a driver gene
in the case studied.

Chromosome position Gene symbol Normal haplotype Tumor haplotype Variant Classification
chrl9 1271419 CIRBP G|G Gl- Frame Shift Del
chrll 64032972 PLCB3 CCT|CCT CCTJ- In_Frame Del
chrl2 56559304 SMARCC2 C|IC Cl- Frame:Shift:Del
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Fig. 2. Activation of signaling pathways associated with EGFR, ERBB2 and ERBB3

FGFR2

FGFR2, a receptor tyrosine kinase, regulates prolif-
eration, differentiation, migration and apoptosis.
FGFR?2 expression in HCC is associated with unfa-
vorable prognosis [24]. The detected SNV in
FGFR2—V144F is considered as damaging. Possible
activation of FGFR2 cascade provided by its ligands

expression — FGF2 and FGF7 may suggest tyrosine-
kinase inhibitors therapy.

CIRBP

Somatic deletion in the CIRBP gene alters the poly-
peptide chain starting with the 101st residue, damag-
ing the RGG domain that operates mRNA stability
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Fig. 3. BTG interacting and target proteins

and modulates translation of CIRBP targets. Some
convincing confirmation of CIRBP mutation sup-
ported by transcriptomes data (see Fig. 4) and vari-
ability of the processes regulated by CIRBP allows
us to suppose that the mutation in question may play
definite role in carcinogenesis.

Germline SNVs

Among the 9173 found germline SNVs in exonic re-
gions we identified those 13 variants (Table 3) which
were relevant to the drug toxicity and resistance ac-
cording to PharmGKB database [25].

In the studied case a possible effect of TP53 and
DPYD germline mutations on tumor sensitivity to
5-fluorouracil was analyzed using information from
scientific literature. Somatic SNV in the gene DPYD
(C29R) activates the DPYD enzyme, which rapidly
converts 5-FU to its inactive metabolite 5-dihydrofluo-
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rouracil [26]. The identified TP53 polymorphism
(R72P) also reduces the efficacy of the 5-FU therapy
[27]. Accordingly, the use of 5-FU therapy is likely to
be ineffective in this case (see Fig. 5). SNV in the gene
XRCCI (R399Q) could be related to sensitivity to plat-
inum therapies [28]. Other germline SNVs also might
be associated with therapy toxicity and adverse drug
reactions. SNV in the gene MTHFR (E429A) might be
associated with an increased risk of myelosuppression
in the patients treated with methotrexate [29]. SNV in
CDA (K27Q) was shown to be associated with an in-
creased severity of hematological toxicity, including
neutropenia, in patients with pancreatic neoplasms
treated with gemcitabine or cytarabine [30]. SNV in
XPC (Q902K), SLC2242 (S270A), XRCC1 (R194W),
LRP2 (K4094E) might be associated with an increased
risk of drug toxicity when treated with cisplatin [31—
33]. SNV in UMPS (G213A) could be related with the
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Fig. 4. CIRBP pathway.

increased likelihood of drug toxicity when treated with ~ trastuzumab treatment. SLCI/941 polymorphism
fluorouracil and leucovorin. ERBB2 polymorphism (H27R) might be related with drug toxicity under
(I1625V) may be associated with cardiotoxicity under —methotrexate and mercaptopurine treatment.

Table 3. 1dentified germline variants

Chromosome position Symbol Normal haplotype Tumor haplotype Relevant drugs

chrl 11854476 MTHFR TG TG Methotrexate; Fluorouracil; Oxaliplatin

chrl 20915701 CDA AlC AlC Gemcitabine; Cytarabine; Cisplatin; Platinum
- compounds

chrl 98348885 DPYD AlA AlA Fluorouracil; Leucovorin

chr2 170010985 LRP2 T|IC T|IC Cisplatin

chr3 14187449 XPC GIT G|T Cisplatin

chr3 124456742 UMPS C|C C|IC Fluorouracil; Leucovorin; Tegafur

chr6 160670282 SLC22A2 C|C C|IC Cisplatin

Cisplatin; Cyclophosphamide; Fluorouracil;
Paclitaxel; antineoplastic agents

chrl7 37879588 ERBB2 AlG AlG Trastuzumab
Cisplatin; Oxaliplatin; Carboplatin;

chrl7_7579472 TP53 clc c|c

chr19_44055726 XRCCl1 T|C T|IC . .
Fluorouracil; Leucovorin
chr19_44057574 XRCCl1 GlA G|A Cisplatin
chr21 46957794 SLC19A1 T|IC T|IC Methotrexate; Leucovorin; Mercaptopurine

443



E. A. Kotelnikova, M. D. Logacheva, E. R. Nabieva et al.

Activating mutation C29R in DPYD gene
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Fig. 5. TP53 and DPYD
Conclusion

The presented study shows the potential usefulness of
the integrated approach to the NGS data analysis, in-
cluding the analysis of germline mutations and tran-
scriptome in addition to the genome sequencing data.
The expression profile of tumor genes corresponds to
the spectrum of inhibitory activity of the Sorafenib.
Additionally, the potentially effective drugs are
Carboplatin, Oxaliplatin, Cisplatin (an increased sen-
sitivity to platinum drugs is associated with the poly-
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morphism in XRCCI); Temsirolimus (inhibitor of
PI3BK/AKT/mTOR signaling); Erlotinib, Lapatinib
(inhibitors of ERBB cascades). 5-Fluorouracil therapy
is potentially ineffective in connection with the identi-
fied polymorphisms in the 7P53 and DPYD genes.
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InenTudikanis kIiHiYHO 3HAYYIIUX MOPYLIEHB |
CUTHAJIBHMX KackaaiB Ha ocHOBI NGS Ha npukiani
KJIHIYHOTO BUNIAAKY renaToueIoJsipHoOl KapuHHOMH

0. A. Korenbuukosa, M. /1. Jlorauoga, E. P. HaGieBa,

M. A. I'stanupkuii, 1. B. Burorpamos, A. C. Makaposa,
A. B. lpomin, A. I. [Taneesa, O. C. Kpemenenpka,

A. A. Ilenin, A. B. Kitemikosa, A. C. KacbsiHOB,

. A. 1laBoukina, H. E. Kynamkin, 0. 1. ITatrotko,

H. C.. Mrore, A. C. Konzpamos, H. JI. JlazapeBuu

Mera. [nentudikyBary moTeHIiiHO OHKOpaiiBepHi a00 KIIIHIYHO
3HAYYII MOJISKYIISIPHI MO/ y MAllieHTa 3 TeNaTOIEIIOIPHOIO Kap-
nuHoMoro. Metonu. PHK- Ta ek30MHe cekBeHyBaHHSI ITyXJIMHHOL
TKaHMHH Ta BiAMOBIJHOTO KOHTPOJIO. MU MPOaHOTYBAIH 3HAICH]
3MiHH, BUKOPHCTOBYIOYH JICKUIbKa 3arajIbHONOCTYITHUX 0a3 JaHUX
Ta OioiHdopMaiHHUX TporpaM. MU TakoX MOPiBHSIN TPAHCKPUII-
wiliHuiA oGk AOCTIPKYBAHOI MyXJIMHE 3 TPAHCKPUITOMAMU
KIITHHHUX JiHiHA 3 6a3u nanux Genomics of Drug Sensitivity in
Cancer. Pesynbrarn. Mu ineHTudikyBany IeKijgbka IeHiB, IO
b depeHIIiiHO IKCIPECYIOTHCS, TTOB’I3aHKX SIK 3 KJIACHYHOIO Te-
parieto copadeHiOoM, Tak i 3 JONATKOBUMH CHTIHAJIBHUMMY IIIsIXa-
MH, 110 TTOTEHI[IHO BPa3JIMBi 10 Tepaii IpenaparamH, sKi JocIi-
JDKYBAJIMCh Y KITIHIYECKUX BUIIPOOYBaHHSX (EpIIOTiHIO, JTanmaTiHio
Ta TeMciponimyc). Jlexinbka TepMiHATUBHIX MYTaii, 3HAHICHIX
B XRCC1, TP53 ta DPYD, 3rigHo 3 JaHUMM IHIINX KITIHIYHAX BU-
mpoOyBaHb, MOXXYTh OyTH TOB’sI3aHi 3 MiJBUILCHOIO0 Yy TIHBICTIO
10 TUIATHHOBHX Tepartiii Ta 3MEHIICHOI0 Yy TIIHBICTIO 10 5-(TOopy-
party. Mu Takoxk ineHTH(iKyBaan JeKinbka MOTSHIIHHO apaii-
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BEPHUX MyTallili, sIKi Ha IIel Jac He MOXKyTh OyTH IIOB’s13aHi 3 Tepa-
nisivu, Hanpuknan geienii y CIRBP, 3aminn 8 BTG1, ERBB3,
TCF7L2 tomo. BucHoBkn. 3anporioHoBaHe JOCTIKEHHS JEMOH-
CTpy€ MOTEHLIHHY KOPUCHICTh iHTerpoBaHoro miaxony o NGS
aHaJI3y JAHWX, B TOMY YHCII aHATi3y TepMIiHATUBHHUX MyTalliil Ta
TPAHCKPUNTOMY y JOAATOK JI0 BUKOPHUCTAHHS OHKOJIOTIYHHX I'€H-
HHX TTaHeJ el ab0 TaHUX CEeKBEHYBaHHS €K30MY.

KanwuyoBi caosa: NGS, onkosorisi, cuicreMHa 6ioJiorisi, CHr-
HaJIbHI IUTIXH, ()apMaKOreHEeTHKA, [IEPCOHATI30BaHA MEIULIHA

HNnenrndukanusa KIMHAYECKH 3HAYUMBIX HAPDYIICHUH 1
CHTHAJIBHBIX KacKkaoB Ha ocHoBe NGS Ha npumMepe KJHu-
HHMYECKOI0 CJIy4asi renaTrone/LIJsipHOil KapIUHOMBI

E. A. Korenbuukosa, M. [1. Jlorauera, E. P. HaOuesa,

M. A. Ilsatanukuid, [1. B. Burorpanos, A. C. Makaposa,

A. B. Jlemun, A. I. [1aneesa, O. C. Kpemenenkas, A.A.
Ilenun, A. B. Knenukosa, A. C. KacesiHos, /]. A. [1laBoukuHa,
H. E. Kynamxus, }O. U. INattotko, H. C. Mrore,

A. C. Konzpamos, H. JI. JIazapeBuu

Heb. BeisiBUTh KIIHOYEBblE WM KIMHUYECKU 3HAYUMBIC MOJIEKY-
JIpHBIE COOBITHS [JI MAIMEHTa C TeNaTOLEIUTIOIIPHON KapIIHO-
Moii. MeTtoabl. PHK- 1 3k30MHO€ CEKBEHUPOBaHMSI OITYXOJIEBOM
Y HOPMaJIbHOW TKaHU. MBI IPOaHHOTHPOBAIU HalJICHHbIE TeHe-
THUYECKHE HAPYIICHUs, HCIIOJb3Ys HECKOJIBKO OOIIEOCTYITHBIX
06a3 [gaHHBIX W  OWMOMH(OPMATHYECKHX HMHCTPYMEHTOB.
Pesyaprarel. Mbl ompeneniny HECKOJIbKO Iu(depeHIHaIbHO
9KCIPECCHPOBAHHBIX TEHOB, CBS3AHHBIX C KIIACCHYECKOM CXEMOMH
JIedeHus TIpenaparoM copadeHuo, a TakKe JOMOTHUTEbHbIE Ty TH
TIOTEHIMATBHO TOIAIONIHECS] TePAIUH TperapaTaMi, BKIIFOUYCH-
HBIMU B KJIMHHYECKHE HCIbITaHUA (DpnoTuHu®, JlamatuHu® u
Temcupommyc). Heckobko repMUHATHBHBIX MYTAIWi, HalIeH-
HbIX B XRCC1, TP53 u DPYD, no maHHBIM U3 OpYTHX KIMHIYE-
CKHX HCIIBITAaHUH, MOTYT OBITh CBSI3aHBI C TTOBBIIIEHHON TyBCTBH-
TETbHOCTBIO K IIPenapaTam IUIaTUHBI  OHIKEHHON UyBCTBUTEb-
HOCTBIO K 5-(Topyparpry. MBI Takke OIpeJIeiIi HECKOIBKO I10-
TEHIMAJIBHO JpaiiBepHbIX MyTamuii B reHax CIRBP, 3amensr B
BTGI1, ErbB3, TCF7L2 u np., KOTOpbIe B HACTOSIIIEE BPEMs HE
CBsA3aHBbI C Tepanueil. BeiBoabl. J[aHHOE HCCIIEI0BaHNE TIOKA3BIBA-
€T IOTCHIMAIIbHYI0 3HAYMMOCTh KOMILIEKCHOTO IOJIX0/1a K aHaM-
3y maHHbIX NGS, B TOM 4ncie aHanm3a repMUHATHBHBIX MYTAIMH
U TPAHCKPUIITOMA B JOINOJHCHUE K JAHHBIM W3 TeHHBIX HaHeseil
WITH CeKBEHUPOBAHHS HK30Ma.

KnwueBsie caoBa: NGS, pak, cucteMHast OHONOTHS, CHT-
HAJIBHBIN Kackal, (hapMaKOreHEeTHKa, MePCOHAIHN3UPOBAHHAS Me-
JIILIFHA
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