ISSN 2518-1629 (Online),
ISSN 2224-5308 (Print)

KA3AKCTAH PECITYBJIMKACKI
YJITTBIK FhUIBIM AKAJIEMUSCHIHBIH

OciMaikTepIiH OMOJIOTUAICHI KOHE OMOTEXHOJIOTUSCHl MHCTUTY THIHBIH

XABAPJJAPBI

N3BECTUA NEWS

HAL[HOHAHLHOPI AKAJIEMUN HAYK OF THE NATIONAL ACADEMY OF SCIENCES
PECITYBJIMKU KA3AXCTAH OF THE REPUBLIC OF KAZAKHSTAN
HHucTuTyTa OHOJOTHYM U OMOTEXHOJOTHH PACTCHUN of the Institute of Plant Biology and Biotechnology

SERIES
OF BIOLOGICAL AND MEDICAL

5 (335)

SEPTEMBER - OCTOBER 2019

PUBLISHED SINCE JANUARY 1963

PUBLISHED 6 TIMES A YEAR

ALMATY, NAS RK



bac penakTop

KP ¥FA akagemuri, M. f. 1., ipod. 7K. A. Ap3bIKy/10B

A6:xanoB Apxart, npod. (bocron, AKIII),

Aobenes C.K., nmpod. (Mackey, Peceit),

Aiitko:xkuHa H.A., pod., akagemuk (Kazakcran)
Axmyaakos C.K., npoo., akanemunk (Kazakcran)
Anmbindaes MLK., npoo., akanemuk (Kazakcran)
BarnenoB H.J., npod., xopp.-mymreci(Kazakcran)
Bepe3un B.J., mpog., kopp.-mymeci (Kazakcran)
Bepcimo6aes P.U., npod., akanemux (Kazakcran)
Bepkindaes C.®., mpod., (Kaszakcran)

Bucenbaer A.K., mpod., akagemuk (Kazakcran)
bummmobaeBa H.K., npod., akanemuk (KazakcTtan)
Bora6exosa T.K., npod., kopp.-mytieci (Kazakcran)
Bosch Ernesto, prof. (Spain)

HasaeroB K.K., accori.nmpod., xayanTsl XaTIIIbI
Kancyriposa JL.B., 0.7 k., mpod. (Kazakcran)
Ellenbogen Adrian, prof. (Tel-Aviv, Israel),
Kambaxun K.K., npod., akanemuk (Kazaxcran), 6ac pea. opbiHOacapsl
3asnan B.K., mpod., kopp.-mymreci (Kazakcran)
Ishchenko Alexander, prof. (Villejuif, France)
Hcaesa P.B., mpod., (Kazakcran)

Kaiizaposa /I.P., mpod., akagemuk (Kazakcran)
KoxmetoBa A.M., npod., kopp.-mymieci (Kasakcran)
Ky3nenbaepa P.C., npod., akanemuk (Kazakcran)
JloxmmH B.H., npod., kopp.-mymieci (Kazakcran)
Jocw [.A., prof. (Mackey, Peceit)

Lunenfeld Bruno, prof. (M3panis)

Maxkames E.K., npog., xopp.-mymeci (Kazakcran)
Muranunos II.M., (Amepuka)

MymunoB T.A., npod., akagemuk (Kazakcran)
Orapsp H.IL, ipod., kopp.-mymieci (KazakcTan)
Omapos P.T., 6.7.x., mpod., (Kazakcran)

Mponeyc A.IL., npod. (Peceit)

Purton Saul, prof. (London, UK)

Paxbinoexor T.K., npod., kopp.-mytreci (Kazakcran)
Canap6aeB Mypar, npod. (ITapnx, Opanums)
Capboacos Jloc, mpod. (Xsrocton, AKII)
Typsicoexos E.K., 0.7.k., acc.ipod. (Kazakcran)
Mlapmanos A.T., npod. (AKIL)

«KP ¥T'A Xaoapaapsl. Buonorus soHe MeIMIIUHAIBIK CEPUACHD).

ISSN 2518-1629 (Online),

ISSN 2224-5308 (Print)

Menmrikrenytri: «Ka3akctan PecrybnukacsiaplH ¥ ITTHIK FRUTBIM akageMusicel» PKB (AnmaTsl K.)

Kazakcran peciiyOnMKachbiHbIH MoJIeHHET TEH akmnapar MHUHHUCTPIINiIHIH AKNapaT >XoHE MyparaT KOMMTETIHJE
01.06.2006 . 6epinren Ne5546-7K mep3imik 6acbuIbIM TipKeyiHe KOWBLTY Typalibl KYaJliK

Mep3imuiniri: XbuibiHa 6 per.
Tupaxsr: 300 naHa.

Penaxiusaneig mekerxkaiipl: 050010, Anmats K., [lleBuenko kemr., 28, 219 6e., 220, Ten.: 272-13-19, 272-13-18,
http://biological-medical.kz/index.php/en/

© Kazakcran PecryOmukachbiHblH ¥ ATTBIK FRUIBIM akanemMusicbl, 2019
TunorpadusHbslg Mekerkaiibl: «Apyna» XK, Anmarsr k., Myparbaesa ker., 75.
— ) ——




FmaBHBIE penakTop
akanemuk HAH PK, n.m.H., mpod. 7K. A. Ap3bIKyJioB

Ab:xanoB Apxart, npo¢. (bocron, CIIIA),

Abenes C.K., mpod. (Mocksa, Poccus),
Avitxoxnna H.A., npoo., akanemuk (Kazaxcran)
AxmyaakoB C.K., mpod., akagemuk (Kazaxcran)
AmunnbéaeB ML.K., mpoo., akagemuk (Ka3zaxcran)
Batnenos H./I., mpod. unen-kopp.HAH PK (Kazaxcran)
Bepe3un B.J., mpod., wi.-kopp. (Kazaxcran)
Bepcumbaes P.U., mpod., akagemuk (Kazaxcran)
Bepkunoaes C.®@., mpod. (Kazaxcran)
Bucen6aes A.K., npod., akanemuk (Kazaxcran)
Bumum6aera H.K., npod., akanemuk (Kazaxcran)
Borabekosa T.K., npod., wi.-kopp. (Kazaxcran)
Bosch Ernesto, prof. (Spain)

Jasaero K.K., accor. npod., oTBeTCTBEHHBII ceKpeTaphb
Mxancyryposa JI. B., k.0.H., npod. (Kazaxcran)
Ellenbogen Adrian, prof. (Tel-Aviv, Israel),
Kambéaxun K. K., npod., akanemuk (Kazaxcran), 3am. ri1. pex.
3asnan B.K., npod., uwr.-xopp. (Kazaxcran)
Ishchenko Alexander, prof. (Villejuif, France)
Hcaesa P.B., npod. (Kasaxcran)

Kaiinaposa JI.P., mpod., akagemuk (Kaszaxcran)
KoxmeroBa A.M., ipod., 4i.-kopp. (Kazaxcran)
Ky3nenbaepa P.C., npod., akanemuk (Kazaxcran)
Jlokmun B.H., npod., uin.-kopp. (Kazaxcran)
Jocb [.A., prof. (Mocksa, Poccus)

Lunenfeld Bruno, prof. (M3panis)

Maxkames E.K., mpod., an.-kopp. (Kazaxcran)
Mutanunos HI.M., (Amepuka)

MymunoB T.A., npod., akagemuk (Kazaxcran)
Oraps H.IL., mpod., @wi.-xopp. (Kazaxcran)
Owmapos P.T., x.6.H., mpod. (Kazaxcran)

Mponeyc A.IL., npod. (Poccust)

Purton Saul, prof. (London, UK)

Paxbin6exoB T.K., npod., 4i.-kopp. (Kazaxcran)
Canap6aeB Mypart, npod. (Ilapmx, ®panums)
Capbacos Jloc, mpod. (Xsrocton, CIIIA)
Typsicoexos E. K., k.6.H., acc.npod. (Kazaxcran)
MlapmanoB A.T., mpod. (CILIA)

«H3BecTust HAH PK. Cepust OnoJiornyeckasi M MeJUIMHCKAS.

ISSN 2518-1629 (Online),

ISSN 2224-5308 (Print)

Coo0ctBennuk: POO «HaunonansHas akanemust Hayk PecriyOnuku Kazaxcramy» (r. AjaMarbl)

CBUIIETENILCTBO O TIOCTAHOBKE HA Y4eT MEPHOJIMYECKOro NedaTHoro u3nanus B Komurere mHbopManuu 1 apxXuBOB
MunucTepceTBa KynbTyphl 1 uHpopManun Pecnyoinkn Kasaxcran Ne5546-7K, sernannoe 01.06.2006 r.

IepronuuHocTh: 6 pa3 B rox
Tupax: 300 sx3eMIIApoB

Anpec pepaxkiun: 050010, r. Anmartel, yi. [lleBuenko, 28, kom. 219, 220, ten. 272-13-19, 272-13-18,
www:nauka-nanrk.kz / biological-medical kz

© HammonansHast akagemus Hayk Pecrryonuku Kazaxcran, 2019

Anpec Tunorpaduu: UIT «Apynay, r. Anmarsl, yi. Myparbaesa, 75

— 3 —



Editor in chief
Zh.A. Arzykulov, academician of NAS RK, Dr. med., prof.

Abzhanov Arkhat, prof. (Boston, USA),

Abelev S.K., prof. (Moscow, Russia),

Aitkhozhina N.A., prof., academician (Kazakhstan)
Akshulakov S.K., prof., academician (Kazakhstan)
Alchinbayev M.K., prof., academician (Kazakhstan)
Batpenov N.D., prof., corr. member (Kazakhstan)
Berezin V.Ye., prof., corr. member. (Kazakhstan)
Bersimbayev R.I., prof., academician (Kazakhstan)
Berkinbaev S.F., prof. (Kazakhstan)

Bisenbayev A.K., prof., academician (Kazakhstan)
Bishimbayeva N.K., prof., academician (Kazakhstan)
Botabekova T.K., prof., corr. member. (Kazakhstan)
Bosch Ernesto, prof. (Spain)

Davletov Kairat, PhD, associate professor, executive Secretary
Dzhansugurova L.B., Cand. biol., prof. (Kazakhstan)
Ellenbogen Adrian, prof. (Tel-Aviv, Israel),
Zhambakin K.Zh., prof., academician (Kazakhstan), deputy editor-in-chief
Ishchenko Alexander, prof. (Villejuif, France)
Isayeva R.B., prof. (Kazakhstan)

Kaydarova D.R., prof., academician (Kazakhstan)
Kokhmetova A., prof., corr. member (Kazakhstan)
Kuzdenbayeva R.S., prof., academician (Kazakhstan)
Lokshin V.N., prof., corr. member (Kazakhstan)

Los D.A., prof. (Moscow, Russia)

Lunenfeld Bruno, prof. (Israel)

Makashev E.K., prof., corr. member (Kazakhstan)
Mitalipov Sh.M. (America)

Muminov T.A., prof., academician (Kazakhstan)
Ogar N.P., prof., corr. member (Kazakhstan)

Omarov R.T., cand. biol., prof. (Kazakhstan)

Prodeus A.P., prof. (Russia)

Purton Saul, prof. (London, UK)

Rakhypbekov T.K., prof., corr. member. (Kazakhstan)
Saparbayev Murat, prof. (Paris, France)

Sarbassov Dos, prof. (Houston, USA)

Turysbekov E.K., cand. biol., assoc. prof. (Kazakhstan)
Sharmanov A.T., prof. (USA)

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of biology and medicine.
ISSN 2518-1629 (Online),

ISSN 2224-5308 (Print)

Owner: RPA "National Academy of Sciences of the Republic of Kazakhstan" (Almaty)

The certificate of registration of a periodic printed publication in the Committee of information and archives of the
Ministry of culture and information of the Republic of Kazakhstan N 5546-)K, issued 01.06.2006

Periodicity: 6 times a year
Circulation: 300 copies

Editorial address: 28, Shevchenko str., of. 219, 220, Almaty, 050010, tel. 272-13-19, 272-13-18,
http://nauka-nanrk.kz / biological-medical.kz

© National Academy of Sciences of the Republic of Kazakhstan, 2019
Address of printing house: ST "Aruna", 75, Muratbayev str, Almaty

— 4 —



News of the National Academy of Sciences of the Republic of Kazakhstan

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF BIOLOGICAL AND MEDICAL
ISSN 2224-5308
Volume 5, Number 335 (2019), 12 - 16 https://doi.org/10.32014/2019.2519-1629.42

D. R. Kaidarova, K. K. Smagulova, Zh. Zh. Zholdybay, Zh. K. Chingissova

Kazakh Institute of Oncology and Radiology, JSC, Almaty, Kazakhstan

KRAS MUTATION FREQUENCY AND SPECTRUM
IN COLORECTAL CANCER: CORRELATION WITH
THE TUMOR LOCALIZATION
IN KAZAKHSTANI POPULATION

Abstract. Aim. Activating mutation in KRAS oncogene is one of the most significant events in colorectal can-
cer (CRC) molecular pathogenesis. Along with the success of complex treatment, understanding the CRC genomics
due to the extensive use of molecular genetic studies promotes an optimum choice of therapy variants. The aim of
this study was to define the frequency and spectrum of KRAS gene mutations in CRC patients depending on the
tumor localization for choosing the treatment tactics and predicting the course of the disease.

Method. This retrospective study included 332 CRC patients treated in the Republic of Kazakhstan from 2010
to 2014. Their tumor material was formalin-fixed and waxed and morphologically assessed. KRAS mutation status
was established by PCR study.

Results. The mutations were most frequent with rectal cancer (n=82, 55%), followed by left-sided colon cancer
(n=43, 28.9%), and right-sided colon cancer (n=24, 16.1%). The mutations were most frequent in codon 12, in
particular, G12D — 32.9%, G12V —24.2%, and G13D — 19.5%.

Conclusion.

1. The obtained results on KRAS mutation frequency correspond to the data published by other researchers.

2. KRAS mutations are more frequent in left-sided colon cancer compared to right-sided colon cancer
(P =0.001).

3. There is an upward trend in KRAS mutation frequency with tumor localization in the distal parts of the
colon, especially in the rectum.

4. The mutations were most frequent in codon 12, in particular, G12D, G12V, and G13D. G12V mutations were
frequent in tumor localization in the rectum.

Introduction. Colorectal cancer (CRC) is a heterogeneous group of tumors which differ in both the
mechanisms of carcinogenesis and, therefore, molecular changes, and the prognosis of the disease and the
specifics of treatment. Today, choosing tactics for treating patients with metastatic colorectal cancer shall
take into account not only clinical factors like tumor spread, patient functional status but also the
molecular profile of the disease.

The frequency and spectrum of KRAS gene mutations and their correlation with clinical and
morphological features of patients with CRC are widely studied in the literature. Several studies (see the
analysis of 551 cases of CRC at diagnosis by Palomba et al.) did not reveal any significant correlation of
KRAS gene mutation frequency with the patient’s age, gender, tumor localization and depth of invasion,
the degree of malignancy, and the presence of regional or distant metastases [1, 2]. Still, there is evidence
that KRAS gene mutates more often in rectal tumors than in tumors in the overlying colon. Some
researchers have revealed the relation of the KRAS gene mutation in codon 13 with the stage of the tumor
process [3-6].

Thus, the prognostic value of KRAS gene mutation in CRC tumor has not been fully proven in the
literature and requires further research.

Purpose of this study was to define the frequency and spectrum of KRAS gene mutations in CRC
patients depending on the tumor localization for choosing the treatment tactics and predicting the course
of the disease.
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Method. Patients and data extraction. This retrospective study included 332 patients diagnosed with
CRC and registered at the Regional Cancer Centers of the Republic of Kazakhstan in 2010-2014. Their
KRAS status was established by PCR study of their post-surgery or biopsy samples.

In the study, women (n=182, 54.8%) prevailed over men (n=150, 45.2%). Most of the patients (88%)
were aged 44 and above; only 12% were below 44 years. The average age was 56.4 + 10.5 years (25 to
79 years).

All patients underwent a complete clinical examination, X-ray, CT, ultrasound, MRI of the chest,
abdomen, pelvic organs; their CRC diagnosis was confirmed morphologically.

DNA extraction and KRAS mutational analysis. Molecular genetic study of KRAS status was
conducted at the Laboratory of Pathomorphology and Molecular Genetics of the Kazakh Institute of
Oncology and Radiology. The quality of the obtained materials was assessed morphologically. Depending
on the percentage of tumor cells in the sample, the samples were subjected to 3-5 macro dissections and
dewaxing for DNA extraction. The samples containing less than 20% of tumor cells were microdissected
along the slide zone previously marked by the morphologist to avoid false-negative results. The DNA was
extracted using the FFPE DNA extraction kits (QIAGEN, Inc. Valencia, CA). The concentration of the
extracted DNA was determined using NanoDrop spectrophotometer (Thermo Fisher Scientific, Massa-
chusetts, USA); DNA quality was assessed using real-time control PCR comparing the results with
control DNA. The mutations in KRAS codons 12 and 13 in exon 2 were detected by allele-specific PCR
method using BioLink kits.

The statistical processing of data was made using a PC with installed IBM SPSS Statistics 20 pac-
kage (trial version). Pearson's linear correlation coefficient (r,) was used to identify the relationship
between the variables.

Results. KRAS gene status was determined in tumors localized in different parts of the colon. Of the
332 CRC patients included in the study, 48 (14.5%) patients had right-sided colon cancer (RCC) with
tumor localization in the right side of the intestines (cecum, ascending colon, hepatic angle, or transverse
colon) vs. 99 (29.8%) cases of left-sided colon cancer (LCC) with tumor localization in the left side of the
intestines (splenic angle, descending colon, or sigmoid colon). The remaining 185 (55.7%) patients had a
tumor in the rectum, including its rectosigmoid part (figure).

Right side of the intestines
(n=24)

Left side of the intestines
(n=43)

Rectosigmoid angle (n=19)
Rectum (n=563)

KRAS mutation frequency depending on the tumor localization in CRC (n=332)

Legend:

Blue — Right side of the intestines (n=24)
Red — Left side of the intestines (n=43)
Green — Rectosigmoid angle (n=19)
Violet — Rectum (n=63)
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Of all the CRC patients included in the study (n=332), 149 (44.9%) had mutant-type KRAS
(mt-KRAS), and 183 (55.1%) had wild-type KRAS (wt-KRAS). Among patients with RCC, the number
of mt-KRAS and wt-KRAs cases was the same (n=24, 50%). Among patients with lesions of the left
sections of the colon, including the rectum, 125 (44%) patients had mt-KRAS against 159 (56%) with
wt-KRAS. KRAS mutations depending on the tumor localization were most frequent with rectal cancer
(n=82, 55%) followed by LCC (n=43, 28.9%), and RCC (n=24, 16.1%) (table 1).

Table 1 — KRAS gene status and mutation frequency depending on the tumor localization in colorectal cancer

KRAS status Right-sided colon cancer Left-sided colon cancer Rectal cancer
(n=48, 100%) (n=99, 100%) (n=185, 100%)
Wild-type KRAS (n=183) 24 (50+3.1%) 56 (56.6+£4.9%) 103 (55.7+3.6%)
Mutation KRAS (n=149) 24 (50+3.0%) 43 (43.4+4.9%) 82 (44.3£3.6%)

For colon tumors (n=67), the KRAS mutation frequency with LCC (n=43, 64.2%+5.8%) was higher
than with RCC (n=24, 35.845.8%); the difference was statistically significant (P = 0.001).

In our study, 120 out of 149 (80.5%) patients with mt-KRAS had mutations in codon 12, of which
GI12D (32.9%) and G12V (24.2%) were the most common. G12D, G12V mutations were especially
frequent in rectal cancer (28 out of 49 and 25 out of 36, respectively). G12S and G12C were less frequent
(up to 10%). G13D was observed only in 29 (19.5%) of cases (Table 2).

No increase in mutation frequency with the tumor localization in the intestine was observed. The
correlation coefficient for the pair “Right intestine — KRAS mutations” was r, = —0.042, P = 0.06. The
inverse relationship between these variables was very weak (table 2).

Table 2 — Correlation of KRAS gene mutations with tumor localization in colorectal cancer

Location Mutations
KRAS Right-sided colon cancer Left-sided colon cancer Rectal cancer in codons
mutations
0 p- o, p- 0 p-
n & o | value n & o | value n & o | value
GI2A 5 20.81-0.025| 0.05 7 16.3]0.013 | 0.06 8 9.7 10.006 | 0.06 | 20 (13.4%)
Gl12C 2 8.3 1-0.034| 0.06 1 2.3 1-0.002| 0.06 4 4.9 (0.026 | 0.06 | 7(4.7%)
G12D 9 37.5|-0.027| 0.06 12 |27.9|-0.011| 0.06 28 34.110.029 | 0.06 | 49 (32.9%)
G128 0 0 [-0.053| 0.06 5 11.6] 0.023 | 0.05 3 3.7 10.016 | 0.06 | 8(5.4%)
GI12V 3 12.5(-0.068| 0.06 8 18.6[-0.008| 0.06 25 30.5| 0.056 | 0.06 | 36 (24.2%)
G13D 5 20.8(-0.038| 0.06 10 {23.3|0.016 | 0.05 14 17.1{0.012 | 0.06 |29 (19.5%)
Total mutations 24 100 |-0.042| 0.06 43 100 | 0.006 | 0.06 82 100 | 0.025 | 0.06 149
(16.1%) ’ ’ (28.9%) ’ ’ (55.0%) ' ’

Discussion and Conclusion. Of the 332 CRC patients included in the study, 149 (44.9%) had mt-
KRAS, and 183 (55.1%) had wt-KRAS. Our results correspond to the results obtained in extensive
multicenter studies which confirm the 30-50% mutation frequency of KRAS in colon tumors [1, 3, 5-7].
Thus, our results on the frequency of KRAS gene mutation are consistent with data published by other
researchers.

The literature sources reported about 97-99% of KRAS gene mutations in codons 12 and 13 com-
pared to 1-3% in other codons. Therefore, we focused our research on these codons as they mutated most
often. A mutation was detected at any location of the tumor in the colon, but its frequency varied. We
compared the KRAS mutation frequency in rectal cancer with other colon sections, including its right and

—— |4 ——
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left sides. In our study, KRAS mutations in rectal cancer (n=82, 55.0%) were more frequent than in colon
cancers of other localizations (n=67, 44.9%). Also, we revealed a statistically significant prevalence of
KRAS gene mutations in LCC (n=43, 28.9%) vs. RCC (n=24, the least frequency — 16.1%) (P = 0.001).
The mutation frequency was also growing with tumor localization in the lower section of the colon, and
especially in the rectum (table 1).

The mutations were most frequent in codon 12, in particular, G12D — 32.9%, G12V — 24.2%, and
GI13D - 19.5%. However, in our study, a high GI12V mutation rate was observed in rectal cancer
(25 mutations out of 36) (table 2).

The obtained data on mutations in codons 12 and 13 suggests different etiology of carcinogenesis in
different parts of the colon.

. P. Kaiinaposa, K. K. CmaryJioBa, 7K. K. Koaasi6aii, 7K. K. Unnrucosa
Kazaxckuit HUM onkosnoruu u paguonoruu, Anmatel Kazaxcran

N3YYEHUE YACTOTHBI U CIIEKTPA MYTAIIMU 'EHA KRAS
Y BOJIBHBIX C KOJIOPEKTAJIbHBIM PAKOM (KPP)
B 3ABUCUMOCTH OT JIOKAJIM3AIIAEN OIYXOJIA
B MACHITABE PECITYBJIMKH KA3AXCTAH

An"otanus. OnHUM U3 HanOoJee 3HAYMMBIX COOBITHI B MOJICKYyJsipHOM mnaTtoreHese KPP sBusercs akTuBu-
pyromas myrtamms B oHkoreHe KRAS. Hapsiny ¢ ycmexamu KOMIUIEKCHOTO JiedeHUs, IoHnMaHue reHomuku KPP,
Omaromaps MHUPOKOMY HCIIONE30BAaHUIO MOJICKYJISIPHO-TEHETHUECKUX HCCICIOBAHNH, MPEIOCTABIIO BO3MOKHOCTD
ONTUMAIIEHOTO BHIOOpA TEPANEBTHYECKUX OITITHH.

L]envro HACTOAIIETO MCCIENOBaHMSA OBUIO ONpEAeTICHHEe YacTOTH U cliekTpa MyTtarmid reHa KRAS y 0ompHBIX
KPP B 3aBHCHMOCTH OT JIOKaJH3aIlMX OMYXOJH IS ONpPEAeNICHIsI BRIOOpA TAKTHKH JICYCHUS M MPOTHO3UPOBAHUS
Te4eHHUs 3a00IeBaHMs.

Mamepuanet u memoowi. Hamu 0bUIO U3ydeH OMyXoJieBblid Matepuai 332 manueHToB ¢ quarao3om KPP, ¢uk-
CUPOBaHHBIH B (opMaliMHE, 3aKJIIOYEHHBIH B HapaduH, MPOXOJUBIIMX JIEYEHHE B OHKOJIOTHUECKHX JIUCIIaHCEPaX,
OHKOJIOTMYEeCKHX ILeHTpax M B Ka3axckoMm Hay4HO-HCCIIEZOBATEIbCKOM HHCTUTYT€ OHKOJIOTMH U PaJUOJIOTHU
(KasHMHNOwP) 3a neprox ¢ 2010 no 2014 roxst. ITocne Mopdonorndeckoil OlleHKH KauecTBa UCCIIEyeMOro Mare-
puana B 1abOpaTOpuM MOJIEKYJSIPHON T'€HETHKH OBUIO MPOBEAEHO MOJIEKYJISIPHO-TE€HETHYECKOE HCCIIeIOBAHHE I10
onpenenenuto myTanuu reHa KRAS metonom ITLP.

Pesyromamer. I1o moTydeHHBIM HAMU Pe3yIbTaTaM, MBI MOJKEM CYIHTbh, YTOHAHOOIIBIIEE KOJIMIECTBO MyTaIlHil
reHa KRAS 6bu10 00HapyXeHO Mpu MOpakeHUH NpsAMoi KUIKH — y 82(55%) n3 149 nanuenTos. Jlanee mo yacrore
BCTPEYAEMOCTH MYTALMH 3aHUMAJIH JICBBIC OTAENBI TOJICTON KUIIKU — y 43(28,9%) namumenTos. [lpn nopaxenun
MpaBbIX OTIENIOB TOJNCTOM Kkuiiku myTanus rena KRAS Berpeuanack B 24(16,1%) cny4ae. HanbGonee yactbie MyTa-
uuu Obun B 12 xomone, a uMeHHo G12D - 32,9%, G12V - 24,2% u G13D -19,5 %.

Boisooul.

1. TToryueHHble HAMH Pe3yJIBTATHI 110 YacTOTE BeTpedaeMocTu MyTaru reHaKRAS cornmacyrorcst ¢ qaHHBIMU,
oIyOJINKOBaHHBIMHU B JINTEPATYPHBIX UCTOYHHUKAX APYTHMH HUCCIIEOBATEISIMHU.

2. Myranuit rena KRAS Bcrpeuaercs vame npu nepBUYHON JIOKAIM3AaLUU OMYXOIM B JIEBBIX OTAENaX IO
CpaBHEHUIO ¢ paBoii Jokanm3anuy, (p= 0,001).

3. [IpocnexuBaeTcs TEHACHLUUS K YBEIMUEHUIO yrcia myTauuu reHakKRASc

BO3pacTaHUEM YACTOTHI TIOPAXKESHUS AUCTAIBHBIX OTIEIOB TOJCTONW KUIIKHA U

0COOEHHO TPSIMOM KHIIIKH.

4. Hambonee wacteie myTauuu Oputi B 12 komone, a mmenHo G12D, G12V u GI13D. Bricokas gactoTa
myTarmuG 12V Habmroanace npy JOKAJIH3aUK OITyXOJH B MPSIMOi Kumke (25 MmyTtarmu u3 36).

KiioueBble c10Ba: KOJIOPEKTANBHBIA pak; MOJEKYJIPHO-TEHETHYecKue HccienoBaHus; myTanus KRAS;
UKW THII.
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