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ABSTRACT

The RAS gene is the most mutated and studied oncogene in human cancer. The presence of a KRAS mutation causes
heightened activation of RAS effectors, resulting in the development of tumor tissue. The effect of KRAS mutations on a
patient’s prognosis and survival with adenocarcinoma and other types of cancer stimulate a lot of scientific research for the
study their molecular mechanisms. To further develop a protocol for the treatment of mutant KRAS cases in Kazakhstan we
study KRAS mutations status in Kazakhstani colorectal and pancreatic cancer patients. In this article, we review the literature
on the role of KRAS mutation testing for management of patients and demonstrate preliminary data on KRAS mutation status
in Kazakhstani patients with colorectal and pancreatic cancer.
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INTRODUCTION

: . Colorectal cancer development
Cancer diseases develop in the presence of many gene mu-

tations, resuI.tmg in an increase in cell proliferation [1-3]. Nu- ol iyperiasa Adenomatous  Adenocarcnoma  Measat
merous studies have been conducted on the development of epithelium polyps

benign into malignant lesions, particularly in colorectal can- 5

cer (CRC) and pancreatic cancer (PC) [4]. . N é@rﬁ '

It is known that an obstacle to more effective treatment of
cancer is its severe course with rapid metastasis. General risk

10 years

factors for cancer development are: family predisposition, en- stage land I Stage llland IV
vironment and eating habits [5 , 6] . 90% chance for survival 20% chance for survival
KRAS encodes a GTPase-binding protein and plays a Figure 1 — Colorectal cancer development [43].

main role in the activation of the epidermal growth factor re-
ceptor (EGFR). The study of CRC gives us a great opportu-  mors can harbor mutations of different genes, such as APC,
nity to obtain more information for further research on car- KRAS, and TP53 [9]. The KRAS gene is located on the short
cinogenesis and the main mechanisms involved in tumor  arm of chromosome 12 (Figure 2) [41].
development. Furthermore, mutations in genes play an im- In this article, we will focus on studying the KRAS mu-
portant role in the regulation of epithelial development and  (,tion The KRAS belongs to the RAS family of genes. The
cell differentiation (Figure 1). In other words, the CRC model  pag family is a group of proteins that have the ability to bind
allows collecting fundamental data on the progress of one or  oyanogine triphosphate and diphosphate nucleotides. Addi-
more tumor variants and their further transition to metastatic tionally, RAS family is also known as small GTPases. These
cancer [7]. Along with this and based on the fact that both he- enzymes hydrolyze GTP and form GDP. This process affects
redity and environment contribute to the development of this  ojjular organization and signal transmission (Figure 3). Now-
type of cancer, these tumors permit the study of both somatic adays, 160 RAS proteins are known and determined in human
genetic alterations and environmental and dietary changes [8]. body [10]. Researchers’ interest in RAS proteins has grown
In approximately 75% of the cases, CRC progresses  as a result of mounting evidence that these proteins play key
through the chromosomal instability pathway and these tu-  regulatory roles in a number of cancer types.
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Figure 2 — Location of the KRAS gene on chromosome 12 [41].
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Figure 3 — The Ras Activation Cascade [44].

KRAS is the most prevalent isoform of RAS gene’s in
humans. It is positive in 30%—-50% of cases with CRC, 80%
of instances with pancreatic adenocarcinoma, 55% of cases
with thyroid cancer, and 35% of cases with lung cancer [13-
17]. KRAS was first discovered in a human lung cancer cell
in 1982, and it has subsequently been demonstrated that 35%
to 50% of all non-small cell lung cancers harbor this muta-
tion [18-19].

Significance of KRAS mutations in tumor progress.

KRAS controls key signal transduction pathways in cells,
including the PI3K-Akt, RAS-RAF-MAPK, and RAS-GEF
signaling pathways that are connected to cell proliferation
and cytokine production [19-21]. Consider the RAS-RAF-
MAPK signaling cascade as an example. This pathway is the
best known in cell biology. Activation occurs when the sig-
nal binds to the protein tyrosine kinase receptor. Upon bind-
ing of the EGFR and the platelet-derived growth factor re-
ceptor (PDGFR), kinase activation and transphosphorylation
occur. This activation leads to the activation of the Grb2 pro-
tein, which binds guanine nucleotide exchange factors (GEF).
GEF interacts with RAS proteins, further causing changes and
the exchange of GDP for GTP, which contributes to the main-
tenance of an active form of KRAS [22].

Overall, when KRAS is mutated, it causes distribution of
GTP hydrolysis. Thus, KRAS accumulates in an active state
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which leads to continuous activation of signaling pathways.
Then it causes proliferation of cells (Figure 4) [23]. The con-
stitutive active KRAS causes aberrant and uncontrollable cell
growth and cell transformation, promotes cancer metastasis,
and also increases resistance to chemotherapy and EGFR tar-
geted therapy in many cancer types [24,25].

In CRC, KRAS mutations lead to abnormal activation of
the RAS/ RAF/MEK/ERK signaling pathway. It is reported
that KRAS mutations upregulates IGF-1R expression via a
novel MEK-SP1-DNMT1-miR-137 pathway in CRC cells to
promote the liver metastasis [26]. KRAS mutations also de-
termine migration patterns and effectiveness through RhoA
and Racl signals [27]. Studies have demonstrated that CRC
HCT116 cells carrying KRAS mutants form a structure with-
out normal cell polarity and lumen apoptosis, implying KRAS
mutations are involved in the destruction of cell polarity and
inhibition of apoptosis [28]. KRAS mutation also affects the
tumor microenvironment. One study has demonstrated that
KRAS mutation status is associated with the differentially ex-
pressed IL-17, IL-22, and IL-23 levels in the tumor microen-
vironment [29].

Many studies have shown that the KRAS oncogene stimu-
lates the development of cancer in the pancreas and the prog-
nosis is unfavorable. The mutation detection rate is 85%, and
most of them appear to be SNP mutations. These mutations
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Figure 4 — KRAS activity regulation [23].
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Figure 5 — Most common mutations in KRAS [45].

occur in three hotspot residues G12, G13 and Q61. The muta-
tion detection rate is 85%, and most of them appear to be SNP
mutations (Figure 5). Of these, the most common mutation is
at codon 12 (17% of all KRAS mutations) [40].

With respect to CRC, approximately 40% of cases carry
activating missense mutations in KRAS (Fig. 5). The most
common of these are at codons 12 and 13 (80% are G12D,
G12V, G12C, G12A and G13D), codon 61 (5% are Q61H,
Q61L and Q61R) and 146 (2% are A146T and A146V) [42].

Purpose of the study: To review the literature on the role
of KRAS mutation testing for management of cancer and to
identify of KRAS mutations in Kazakhstani CRC and PC pa-
tients.

MATERIALS AND METHODS

DNA samples

Study protocols were approved by the IREC of Nazarba-
yev University #03-2021 from 21.04.2021. This study in-
cluded primary data from 65 samples with CRC and PC pa-
tients from 2 oncological clinics: “Multidisciplinary medical
center”, Oncology center, Astana, and “National scientific
center for oncology and transplantation”, Astana, Kazakhstan.

Each patient provided written informed consent to partic-
ipate in the study and for genetic testing. Clinical and demo-
graphic information and histological conclusions were taken
from the medical records. Diagnosis of CRC and PC was his-
tologically confirmed. Totally 63 patients with CRC (n=52)
and PC (n=11) were recruited into the study during 2021-
2022 year: 39 males and 24 females, mean age was 68 years
(range 41-86 years). Blood samples, resected tissue samples
flash frozen in liquid nitrogen after resection and FFPE sam-
ples were obtained from each patient.

Preliminary data include analysis of KRAS mutations of
12 cases. DNA was extracted from 2 types of samples for each
patient: 7 samples of frozen tumor tissue and 9 paraffin em-
bedded tissue (FFPE), of which 4 samples are represented by
two materials: FFPE and frozen tumor tissue samples (Table

1). Sample Type 1 - Sections of pathological material were
prepared and fixed on paraffin-embedded (FFPE) slides (004,
006, 008, 010,012, 013, 014, 015, 069). Sample Type 2 — Fro-
zen tumor tissue samples (003, 004, 009, 010, 013, 015, 024)

Among the 12 samples were 4 female and 8 male. Of
these, there were 8 patients with moderately differentiated ad-
enocarcinoma, 1 patient with poorly differentiated adenocarci-
noma, and in 3 samples adenocarcinoma metastases (Table 1).

DNA extraction

FFPE sample gDNA was extracted using the ReliaPrep
FFPE gDNA Miniprep System (Promega). All other total
gDNA was extracted from tissue samples by using the Gen-
tra Puregene Blood (QIAGEN) according to the manufactur-
er’s instructions. Qualitative and quantitative evaluation of the
obtained gDNA was carried out using the NanoDrop (Thermo
Scientific) and Qubit (Invitrogen) platforms.

PCR and Sequence PCR

Two pairs of PCR primers were used to amplify exon 2
(primer pair A/B and primer pair C/D) and exon 3 (primer pair
E/F and primer pair G/H). Primer pair C/D and primer pair
G/H were designed to amplify an amplicon shorter than 180
bp. The primer sequence is shown in table 2. Each amplicon
was sequenced in both forward and reverse directions using
M13 primers. PCR was conducted in 50 pL final volume ac-
cording to the KRAS Variant Identification protocol (Applied
Biosystems) [31]. Sequencing reactions were carried out us-
ing the BigDye Terminator v.3.1 Cycle Sequencing Kit and
were performed on a 3730xL Genetic Analyzer capillary elec-
trophoresis system (Applied Biosystems).

Sequences were aligned to a reference sequence using Se-
gAssem (Applied Biosystems) and variants assessed by vi-
sual inspection.

RESULTS

In total, we identified 31 mutations in the KRAS gene,
exons 2,3. We observed that each patient carry more than
one mutation. The results of sequencing exons 2 and 3 of the
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Table 1 — Sample characteristics.
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N | ID number | Gender/age Diagnosis Materials Histopathology
PC, 1V stage. metastases to | Flash frozen tumor ModeraFely differentiated ductal ad-
1 |003 Male/55 . . enocarcinoma (G-II) of the pancreas
the liver, lung. tissue samples . S . .
with metastasis in the liver tissue.
Adenocarcinoma of the colon with
Cancer of the rectum, I st. | FFPE and flash | therapeutic pathomorphosis, with
2 | 004 Female/60 | Condition after neoadjuvant | frozen tumor tissue | ulceration with foci of tumor growth
chemoradiotherapy samples in the submucosal and muscular lay-
ers.
Moderately differentiated adenocar-
Cancer of the splenic angle of cinoma of the colon (GII) with ger-
3 | 006 Male/72 the large intestine, IIb stage. FFPE samples mination of the entire thickness of
the intestinal wall.
Cancer of the rectosigmoid
colon. Abdominal carcinoma- Metastasis of adenocarcinoma to the
4 1008 Male/71 tosis. Metastasis to the liver, | FFPE samples
omentum.
left adrenal gland, greater
omentum.
Moderately differentiated adenocar-
. cinoma of the colon (G-II) with ger-
5 1009 Male/6s | o ;’fstt;‘eedescendmg co- Ela;ll; Hrozen WO | mination of the entire thickness of
’ g p the intestinal wall with metastases
in 2 of the 6 examined lymph nodes.
' " FFPE and flash Modprately differentiated adenp-
Cancer of the rectosigmoid . carcinoma of the colon (G-II) with
6 |010 Male/64 frozen tumor tissue . . .
colon, IIB stage. germination of the entire thickness
samples . .
of the intestinal wall.
Cancer of the sigmoid colon, Moderately differentiated adenocar-
7 1012 Female/80 | IIb stage. Subcompensated | FFPE samples cinoma of the large intestine with
stenosis. invasion into all layers.
Moderately differentiated adenocar-
Cancer of the lower ampulla | FFPE and flash | cinoma of the lower ampulla of the
8 |013 Female/64 | of the rectum, Ila stage. Sub- | frozen tumor tissue | rectum with invasion into the mus-
compensated stenosis. samples cular membrane, skin of the perianal
region.
Cancer of the'r sigmoid colqn, Poorly differentiated mucinous ade-
IV stage. With decay. Stric- nocarcinoma of the sigmoid colon
9 |014 Male/76 ture of the lower third of the | FFPE samples . ) & L)
invading all layers of the wall, with
left ureter. Hydrouretorone- . . .
. perifocal inflammation.
phrosis on the left.
Moderately differentiated adeno-
Cancer of the rectum, IIIB FFPE and flash | CAfcinoma of ‘Fhe .large intestine
10 | 015 Male/65 stage. Complicated by tumor frozen tumor tissue (GII) with germination of the entire
stenosis in the stage of sub- thickness of the intestinal wall with
. samples . .
compensation. metastases in 4 of the 18 examined
lymph nodes.
Cancer of the rectosigmoid Moderately differentiated adenocar-
colon, IIb stage. Chronic ob- Flash frozen tumor cinoma of the large intestine (G-II)
11 | 024 Male/67 structive colonic obstruction tissue samples with germination of the entire thick-
in the stage of decompensa- p ness of the intestinal wall into the
tion. per intestinal fatty tissue.
Cancer of the splenic flexure
of the colon, IV stage. With . .
12 | 069 Female/60 | germination in the stomach, | FFPE samples Metastasis of adenocarcinoma of the

diaphragm, pancreas. Multi-
ple metastatic liver disease.

colon to the greater omentum.
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Table 2 — Primers

Ex2 Primer A 5’ tgtaaaacgacggccagt TATTTGATAGTGTATTAACCTTATGTGTG 3°
Primer B 5’ caggaaacagctatgaccGAAACCTTTATCTGTATCAAAGAATG 3’
Ex3 Primer E 5’ tgtaaaacgacggccagt AGGTGCACTGTAATAATCCAGA 3°
Primer F 5’ caggaaacagctatgaccCTATAATTACTCCTTAATGTCAGCTTATT 3’
M13 5’ tgtaaacgacggccagt 3’
MI13 5’ caggaaacagctatgacc 3’

Table 4 — Nucleotide changes in exon 2 and 3 of the KRAS gene from human intestinal adenocarcinoma samples.

Case ID Specimen Base Change Type Effect Aa Change
004 004t KRAS 3ex F HO8 191a>M Sub missense Y64S
004t KRAS 3ex F HOS8 193a>M Sub missense S65R
010 010t KRAS 2ex R C06 23t>M Sub missense VS[E,A]
010t KRAS 2ex R C06 26t>C Sub missense V9A
010t KRAS 2ex R C06 27t>M Sub missense VOA
010t KRAS 2ex R C06 28g>A Sub missense GI0R
010t KRAS 2ex R_C06 28-29insM Ins frameshift -
- - - = mnsertion
010t KRAS 2ex R C06 31g>A Sub missense AlIT
010t KRAS 2ex R C06 32c>M Sub missense Al11D
010t KRAS 2ex R C06 66g>K Sub missense Q22H
010t KRAS 2ex R C06 67c>Y Sub missense L23L
012 012FFPE_KRAS 3ex R G10 256a>W Sub missense N86Y
013 013t KRAS 2ex R BO06 41delt Del frameshift V14fs
- - == deletion
013t_KRAS 2ex R_B06 51delt Del frameshift S17fs
- - == deletion
013t KRAS 2ex R B06 52g>S Sub missense A18P
013t KRAS 2ex R B06 57g>A Sub silent L19L
014 014FFPE_KRAS 3ex R All 212a>W Sub missense Y71F
014FFPE_KRAS 3ex R All 216g>R Sub missense M721
015 015t KRAS 2exF A03 42a>W Sub silent V14V
015t KRAS 2exF A03 43g>K Sub missense G15C
015t KRAS 2exF A03 93a>W Sub missense E31D
015t KRAS 2exF A03 95a>W Sub missense Y32F
015t KRAS 2exR _A06 65a>W Sub missense Q22L
015t KRAS 2exR _A06 66g>K Sub missense Q22H
015t KRAS 2exR _A06 67c>Y Sub silent L23L
015t KRAS 3ex R Al2 132-133insC Ins ffﬁ‘;;le;ft ~
015t KRAS 3ex R Al2 173c>M Sub silent T58K
069 | 069FFPE KRAS 3ex R FI0 234delt Del frameshift L79fs
- - == deletion
069FFPE_KRAS 3ex R F10 252a>M Sub missense 1841
069FFPE_KRAS 3ex R F10 253a>W Sub missense N85Y
069FFPE_KRAS 3ex R F10 262a>W Sub missense K88X
KRAS gene are presented in table 4. Analysis have revealed According to the data presented in Table 4, nucleotide sub-

7 mutations of the KRAS gene among 12 samples in exons  stitutions, deletions, and silent mutations were identified in
2 and 3. Detected mutations indicated only in patients with  patients with moderately differentiated adenocarcinoma. Ad-
CRC, no mutations identified in patient with PC. ditionally, insertions were found in exons 2, 3 of the KRAS
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Figure 6 — Electropherogram of KRAS codon 10 mutation (c. 28G>A; p.G10R).

gene in two patients with metastases.

Among all identified mutations in exons 2 and 3 of the
KRAS gene, missense mutations are the most common (70%).
Identified missense mutations of exon 2 — ¢.43G>T (G15C),
c.95A>T (Y32F), c.65A>T (Q22L), ¢.66G>T (Q22H),
¢.52G>C (p.A18T), c.26T>C (p.V9A), c.27T>C (p.V9A),
¢.28G>A (p.G10R), c.32C>A (p.A11D), c.31G> A (p.A11T),
c.67C>T (p.L23L) are the most well-known and pathogenic
in CRC. Several studies have shown that ¢.31G>A mutation
leads to impaired purine processing [35,37,39]. Sequencing
result of the 010 sample is represented in Figure 6.

The mutation in codon 32 (c.95A>T, p.Y32F) is show in-
creased effectiveness of treatment with Scr and SHP2 inhibi-
tors for sample 015. Another mutation variant ¢.23T>C in co-
don 8 indicate to highly resistant for treatment with sotarasib
and adagrasib [38].

Also, found missense mutations of exon 3 of the KRAS
gene in codons 71, 72, 88 and 64 are significant and have a
severe course, leading to an unfavorable pathogenic progno-
sis [36, 37]. The exon 2 missense mutation ¢.93A>T (p.E31D)
in the sample 015 has been described as a mutation that may
contribute to resistance to anti-EGFR therapy [34]. Among
identified missense mutations of exon 3: ¢.252A>C (p.I1841),
c.253A>T (p.N85Y), ¢.256A>T (p.N86X), c.193A>C
(p.S65R) are understudied and unknown variants.

We have found three variants deletion in 013, 069 sam-
ples and two frameshift insertion variants in samples 010 and
015 is not full researching and unknown variants. Other nu-
cleotide substitutions that we identified and listed by the ob-
served frequency included: three silent mutations of exon 2
of the KRAS gene - c.42A>T (p.V14V); c.67C>T (p.L23L);
¢.57G>A (p.L19L).

We checked our variants to the Mastermind, Cosmic, and
SNPedia databases and their characteristics were described.

Of 12 patients with colorectal and pancreatic adenocar-
cinoma, 7 (58%) patients had a mutation in the KRAS gene.
There were altogether 31 mutations in total, of which 70% are
missense mutations, 17% frameshift mutations (deletions, in-
sertions), and 13% silent mutations (Figure 7). Analyzing, we
observe three samples 010, 013 and 015 with a lot of find mu-
tations and including several variants mutation of the KRAS
gene in exon 2,3. This mutations characterized his cancers
form and helps for choose of patient management tactics.

In the present study we have demonstrated the constant
and relatively high frequency of KRAS mutations in the 2 and
3 exons. It has been reported that the most common KRAS
mutations are missense mutations representing 70% of all mu-
tations reported and this was also confirmed with our study
[32].
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DISCUSSION

There are numerous investigations that are done on the
KRAS gene in different countries. Taking into account known
mutations of the KRAS gene it can be noted that their fre-
quency and range of mutations depend on the studied popula-
tions. According to the literature, mutations in codons 12, 13,
61 of the gene KRAS are identified as pathogenic in CRC and
PC [30, 33, 39]. Published studies provide important informa-
tion to narrow down the number of KRAS mutations that can
be used as pathogenic biomarkers. Moreover, results obtained
by our research shows the presence of other mutations in ex-
ons 2,3 of the KRAS gene that require additional validation.

New optimized Sanger protocol was used to obtain re-
liable results. The use of a large cohort of patients to detect
KRAS mutations will help to make a complete analysis of on-
cogenic mutations in CRC and PC. Going forward, we will
expand the sample of patients with CRC and PC using our
Sanger sequencing protocol. Getting reliable results on new
KRAS variants in our population will allow implement ge-
netic testing on KRAS mutations in to routine clinical prac-
tice in Kazakhstan.

CONCLUSION

In this review, we saw that mutations of oncogene KRAS
is very important in the development, spread as well as in di-
agnostics and therapy of colorectal adenocarcinoma. It is very
important to further develop research on this type of cancer,
as through deeper study we can uncover and understand its
mechanisms, processes, and interrelationships in depth in or-
der to find better and more specific alternatives for therapeu-
tic targets. Research is currently ongoing and further analy-
sis of KRAS mutations will allow us to understand the role
of KRAS mutations in the development of cancer in Kazakh-
stani patients, determine the genetic profile of mutations and
correctly prescribe therapy.

Mutation detection

0
BKRAS wild
B KRAS mutation
33%
47% SNP
M Frameshift
6% = Silent

Figure 7 — The diagram demonstrates the number of identified
mutations and their characteristics.
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TY/KbIPBIM

RAS reni aam Karepii iciriHeri eH MyTalMsUIaHFaH JKOHE 3ePTTeNreH OHKOreH 0ok Tabbutanbl. KRAS MyTanusceiHbIH
6onysl RAS s dexropnapblHbiH OeICEHAIICHYIHIH JKOFAPBUIAYBIH TYABIPAIbl, HOTUKECIH/IC ICIK TIHIHIH JaMybIHA OKCJIC/I.
KRAS myTanusiiapbIHBIH aJICHOKapIIMHOMA JKOHE 0acKa Ja KaTepli iCiK TypJiepiMeH HayKacThIH O0OKaMbl MCH OMIp CYpyiHe
acepi oylap/IbIH MOJICKYIIAIBIK MEXaHU3M/IEPiH 3ePTTEey YIIIH KONTEreH FhUIBIMU 3€pPTTEYNEpl bIHTaNaHIbIpabl. Kazakcran-
narbl MyTanTThl KRAS sxarmaiinapsii emjey XarTaMachlH oJlaH api a3ipuiey yuriH 0i3 Ka3akcTaHablK KoOpeKTalb/Ibl iciri MeH
YIHKbI 0e3i iciri 0ap HaykacTapmarbl KRAS MyTarnuscbiHbIH Kaii-KyiiH 3epTTeiimis. by Makanana 0i3 HayKacTapisl 0ackapy
yurin KRAS MyTanusicbIHbIH CHIHAYBIHBIH POJIi Typasibl 9/1e0MeTTep 1l KapacThIpaMbl3 )KOHE KOJIOPEKTAIbIbI KaHE YHKbI 0e3-
iHiH Karepai iciri 6ap Kazakcrannslk HaykacTapaarsl KRAS MyTanusChIHBIH IepeKTepiH KOpCEeTeMis.

Tyiiin ce3aep: anenokapunnoma, RAS, KRAS, Conrep cekBeHupIiey, MUCCCEHC MyTallusl, KOAOH.
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ABCTPAKT

I'er RAS sBnsiercs Hanbonee MyTHPOBABIINM U U3YYEHHBIM OHKOT'€HOM paka denoBeka. Hamnune mytarmn KRAS BbI3bI-
BACT MOBBIIICHHYIO aKTUBALUIO 3P dekTopoB RAS, 4To NpUBOIMT K Pa3BUTHIO OIyX0JeBOM TKaHu. Biusinne myraumit KRAS
Ha TMPOTHO3 U BEDKUBAEMOCTb MAIUEHTOB C aJICHOKapIIMHOMOHN U IPYTMMHU BHIAMHU paka CTUMYIMPYET MHOKECTBO HAyUHBIX
HCCIIEIOBAHUII 10 U3YYCHUIO UX MOJICKYJIIPHBIX MeXaHU3MOB. [y nanpHeielt pa3paboTKH MPOTOKOJIA JICYSHNS MyTaHTHBIX
ciydaeB KRAS B Kazaxcrane mbl nzydaeMm cratyc mytanuii KRAS y KazaxcTaHCKuX MalMeHTOB ¢ KOJIOPEKTAIbHBIM PaKOM
U PaKoOM TO/KEITYJOYHOM xKeJe3bl. B 3Toii cTaTrhe MBI fenaeM 0030p JIUTepaTyphl 0 poiu TecTupoBanus mytanun KRAS nna
BE/ICHUS TALIMEHTOB U IEMOHCTPUPYEM IpeaBapuTeNbHble JaHHbIe 0 cTaryce MyTaund KRAS y Kazaxcranckux marieHToB
C KOJIOPEKTAIBHBIM PAKOM M PAKOM HOKETYTOYHOHN JKeNe3bl.

KuoueBble ciioBa: agenokapunnoma, RAS, KRAS, cexkBenupoBanue no Canrepy, MUCCEHC-MYyTaIusl, KOJIOH.
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