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BcrpeuaeMocTh MyTaliui ¥ MOTEPU TeTEPO3UTOTHOCTH B T€eHE
TP53 B 3aBUCHUMOCTH OT T€eHOTHUIIA I'S1042522 nipu 1udy3HOMI
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AHHOTAIIUA

BBenenue. HenaBHue uccieoOBaHUA [TOKA3AIH, YTO B OIyXOJIEBBIX KJIETKAX PA3IMYHBIX THUIIOB 37I0KAUeCTBEHHBIX
HOBOOOPa30BaHUU Y HOCHUTEJIEH TeTePO3UTOTHOTO BapHAaHTA I'S1042522 reHa TP53 G0blIas YacTh TOYEYHBIX MyTaIlUH
BBISIBJISIETCSA B Arg-asuiesie, a motepsi rerepo3urotnoctd (I1I) mpuBoaut k yrpate Pro-astesis. OTHOBPEMEHHO C 3TUM OTIH-
caHa cBf3b Arg-asuiesis JAHHOTO [ToiuMopdusMa co CHUkeHneM 3G HeKTUBHOCTH Tepanuy 00JIbHBIX 37I0Ka4eCTBEHHBIMU
HOBOOOpa3zoBaHUAMU. PaHee n3yueHue rs1042522 Ha BBIOOPKAaX MAIIEHTOB ¢ JIUM(GOMaMU IPOBOAMIIOCH TOIBKO B 3/10PO-
BBIX TKAHsX, B OIIyX0J1eBOH TKaHu auddy3Hoi B-kpynHokierounoit sumbomsl (JIBKKJT) uccaemoBaHus JaHHOTO OJTHO-
HYKJIEOTHJITHOTO MOJMMOP(dU3Ma He BBINOJHSJINCh. YUUTBIBAsA CKJIOHHOCTh B-MM@OIIUTOB K p53-0MOCPELOBAHHOMY
aronTo3y, 0COOBIN MHTEPEC IIPEJICTABIIAET U3YIEeHHEe T€HOTHIIA I'S1042522 B COUETAHUU C COMAaTHYECKUMH abeppanusaMu,
TakuMH Kak mytaruu uian 1IN rena TP53 B omyxoseBod Tkanu JIBKKIL.

Il e 1 5. Onucarb 4acToTy BcTpedaeMocTd comaruueckux mytanuil u III' B reHe TP53 B 3aBHCUMOCTU OT T'€HOTHUIIA
rs1042522 B OIyX0JIEBOU TKaHU marueHToB ¢ JIBKKJL.

MaTepuansbs U METOBbl. B uccaenoBanue BOILIA 150 GOJBHBIX C MOATBEPIKIEHHBIM (THCTOJIOTHYECKH U
HMMyHOTrucToxuMmudecky) auartozom IBKKJI. BrigeneHre HyKJIEHMHOBBIX KUC/IOT BBITIOJIHSAIMN IO CTAHZAPTHOU MeETO-
ke peHoTbHO-XI0pOGOPMHBIM MEeTOIOM U3 6JI0KOB (PHKCUPOBAHHBIX GOPMAJIMHOM U 3JIUTHIX B HapadrH OHONTATOB
auMbOoMBL. JIJis aHAIN3a TeHOTHUIIA I'S1042522 U ONpe/ieJIeHUsl YyTPaThl ayijiesiel reHa TP53 MPUMEHSIA METO/] [TOJIMe-
Pa3HOU IIEMHOU PeaKIUU C IOC/Ienyoolel 06paboTKOU SH/IOHYKIJIEA30H PECTPUKIIUU 3JIEKTPO(POpPE30M B IOJTHUAKPUIIA-
MuzHOM reste. IlonrBeprkienue ciaydaes I1T" u nieHTHDUKANNA TOUEIHBIX MyTal[UN B AHATHM3UPYEMOM I'eHe BBIIIOJTHSIIH
METOZIOM IIPSIMOTO aBTOMATUYECKOTO KATUJUUIIPHOTO CEKBEHHUPOBAHUS.

PesyabpTaThs . B rpymnmne uceiaenoBanus B 1/3 oOpasIoB y>ke HA MOMEHT AMArHOCTUKY JIUMGOMBI UMeIU MECTO
abeppanuu (IIT" 1 myTanun) nocaenoBaTesbHocTH TP53. Coueranus IIT" 1 MyTaHTHOTO CTaTyca JAHHOTO TeHa Y O0JIBbHBIX
C TeTEPO3UTOTHBIM Arg/Pro reHOTUIIOM TECTUPYEMOTO OJIUMOp(}HU3Ma B OIyX0JIEBOU TKAHU BBISIBJIEHO He ObLI0. BMecTe
C TEM TOUYEYHbIE MyTaIlU UMeJH 20 u3 73 (20/73) 6uontartoB tuMdoMbl ¢ TeHOTUIIOM Arg/Arg. B o6pasiiax omyxosu ¢
reHoTunamu Pro/Pro wiu Arg/Pro Toueunsle 3aMeHbl B TP53 UMeJIH eIUHUYHbIE 00pa3nbl — 1/13 U 4/64 COOTBETCTBEHHO
(p < 0.001). Takum 06pazom, 6bLIO MMOKA3aHO, uTO B 06pasiax JIBKKJI ¢ romo3urotHpiM Arg/Arg reHOTHIIOM OTHOIIIEHHE
maHcoB couetanus IIT" ¢ myranusimu TP53 B 5.4 pasa (p < 0.001) IpeBbIIIANIO0 3HaUeHue /s 06pas3nos ¢ Pro/Pro win
Arg/Pro reHotunamu (OTHOIIIEHHUE IIAHCOB — 5.4, 95% OBEPUTEIHHBIN HHTEPBA — 1.9; 15.4).

3aknwueHnue. C Ieaplo0 YBeJTUUEHHUS] BEPOATHOCTH HAEHTU(DHUKAIMK CIyUYaeB COYETAHHOTO BhIABIeHUsA I[N u
TOYeUHBIX abepparnuii B TP53 B 00pasnax ¢ pa3IMuHbIMU FeHOTUIIAMU I'S1042522 BO3MOKHO pacIIipeHre BBIOOPKU aHa-
JIN3UPYEMBIX 00pa31oB INMQOMBI, a TAKXKe IPUMeHeHue 60sIee UyBCTBUTEIBHBIX METOIUK HAeHTU(GUKAUN HAPYIIEHUH
B CTPYKType€ U3y4aeMOro reHa. Bo3MOXKHBIM HaIPABJIEHUEM JJaIbHEHIIINX UCCIeJOBAHUH TAKXKE MOKET ObITh AHAIN3 KJTH-
HUYECKOH 3HAYNMOCTH COYETAHHOT'O BBIABJIEHU TOMO3UTOTHOTO Arg/Arg reHotuna G/G ananusupyemoro Mapkepa u I1T'
WJIN/Y COMATHYECKUX MyTaluui B reHe TP53 B OIyX0JI€BOU TKAHU HAI[UEHTOB ¢ JINMGOMOH.

Kmoueestle crosa: red TP53, MyTanuu, reHETHUYEeCKUH JIaHAIAdT, OJTHOHYKJIEOTU/IHBIN TIOJTUMOP(]HU3M, yTpaTa rerepo-
3UTOTHOCTH, HEXO/IPKKUHCKasA JTuMdoMa.

O6pasen muTupoBaHnusna: Bopomaesa E.H., Yypkuna M.U., Bamupaazae K.A., [TocniesioBa T.U., AreeBa T.A.,
MaxkcumoB B.H. BerpeyaeMocTh MyTaIuii ¥ IOTEPU TETEPO3UTOTHOCTH B reHe TP53 B 3aBUCHMOCTH OT T€HOTHUIIA
151042522 npu guddysHoi B-kpynHokierounoii mumdbome // Journal of Siberian Medical Sciences. 2022;6(3):72—89.
DOI: 10.31549/2542-1174-2022-6-3-72-89

TlocTynuia B peJJakiiyio 11.10.2021 Received 11.10.2021

IIporwia peneH3nupoBanue 02.12.2021 Revised 02.12.2021

ITpuHATa K My6IMKAIIMY 24.12.2021 Accepted 24.12.2021

Aemop, omeemcmeeHHblll 3a nepenucky Corresponding author

Boponaesa Enena Hukonaesna: HUU tepanuu u npoduiakTu4eckoi me- Elena N. Voropaeva: Research Institute of Therapy and Preventive Medi-
JUIUHBL. 6300809, r. HoBocubupck, yi. b. Boratkosa, 175/1. cine, 175/1, B. Bogatkova str., Novosibirsk, 630089, Russia.

E-mail: vena81@mail.ru E-mail: vena81@mail.ru

72 Journal homepage: http://jsms.ngmu.ru



Voropaeva E.N. et al. / Journal of Siberian Medical Sciences Vol. 6, No. 3 (2022)

The occurrence of TP53 gene mutations and loss of heterozygosity
in diffuse large B-cell lymphoma in the dependence
of rs1042522 genotype

E.N. Voropaeva!, M.I. Churkina?, K.A. Bashirzade?, T.I. Pospelova?, T.A. Ageeva?, V.N. Maksimov*

'Research Institute of Therapy and Preventive Medicine, Branch of the Federal Research Center Institute of Cytology
and Genetics, Novosibirsk, Russia

2Novosibirsk State Medical University, Novosibirsk, Russia

ABSTRACT

Introduction. Recentstudies have shown that in tumor cells of various types of malignant neoplasms, in carriers
of the heterozygous variant rs1042522 of the TP53 gene, most of the point mutations are detected in the G allele of the gene,
while the C allele was lacking as a result of loss heterozygosity (LH). At the same time, the association of the G allele of the
rs1042522 gene with a decrease in the effectiveness of therapy in patients with malignant neoplasms was described. Previ-
ously, the study of rs1042522 on samples of patients with lymphomas was carried out only in healthy tissues; in the tumor
tissue of diffuse large B-cell lymphoma (DLBCL), this single nucleotide polymorphism was not studied. Given the propen-
sity of B-lymphocytes to p53-mediated apoptosis, the study of the rs1042522 genotype in combination with somatic aber-
rations, such as mutations or LH of the TP53 gene in the tumor tissue of DLBCL is of particular interest.

Aim . Todescribe the frequency of occurrence of somatic mutations and LH in the TP53 gene depending on the rs1042522
genotype in the tumor tissue of patients with DLBCL.

Materials and methods. Thestudy included 150 patients with a diagnosis of DLBCL confirmed histologi-
cally and immunohistochemically. DNA was isolated from paraffinized blocks of tumor lymph nodes and extranodal lesions
by phenol-chloroform extraction using guanidine. Genotyping according to rs1042522 and detection of cases of loss of
heterozygosity in the TP53 gene was carried out by PCR with the analysis of polymorphism of the lengths of restriction frag-
ments. Confirmation of LH and the search for mutations in the TP53 gene were carried out by direct Sanger sequencing.
Results. In the study group, almost a third (28.6%) of patients with DLBCL at the stage of tumor diagnosis had
genetic anomalies in the structure of the TP53 gene (LH and mutations). The combination of LH and the mutant status of
this gene in patients with heterozygous Arg/Pro genotype of the tested polymorphism in the tumor tissue was not revealed.
At the same time, it was noted that in a subgroup of 73 samples with a homozygous G/G genotype, mutations were detected
in 20 cases (27.3%). In the subgroups of C/C homozygous and G/C heterozygous samples, the mutation was detected only
in 1/13 (7.7%) and 4/64 (6.25%) cases, respectively. The significance of differences in the frequency of detection of muta-
tions between G/G homozygous patients and other patients with DLBCL (genotypes C/C+G/C) was p < 0.001, and the
probability of detecting mutations in the TP53 gene in carriers of the G/G genotype was more than 5.4 times higher than
that in carriers of other genotypes (odds ratio — 5.4, 95% confidence interval — 1.9; 15.4).

Conclusion. Inordertoincrease the probability of identifying of combined detection of LH and mutations in TP53
with different rs1042522 genotypes, it is possible to increase the number of lymphoma samples, as well as the use of high-
performance sequencing and methods for searching for allelic imbalance, which will allow registering the loss of heterozy-
gosity in homozygous samples as well. A possible direction for further research may also be the analysis of the clinical sig-
nificance of the combined detection of the homozygous genotype G/G of the marker and LH or/and somatic mutations in
the TP53 gene in the tumor tissue of patients with lymphoma.

Keywords: TP53 gene, mutations, genetic profile, single nucleotide polymorphism, loss of heterozygosity, diffuse B-large
cell lymphoma.
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BBEJAEHUE INTRODUCTION

Hudbdysnas B-kpymHOkjeTouHass JmiMdoMa
(JIBKKJI) mipesicraBiisier cOOOM camMbIid YacCThIN THII
HEXO/IKKMHCKHUX 3JI0KaYeCTBEHHBIX IMM(MOM B3pOC-
aeix [1]. [l gaHHOTO HOBOOOpA30BaHUS Xapak-
TEPHO BBICOKO arpecCHBHOE TeUYeHUe, a HMEHHO:
CTPEeMUTEIbHBIE TEMITHI IIPOTPECCUU OITYyXOJIH, BHICO-

Diffuse large B-cell lymphoma (DLBCL) is the
most common type of non-Hodgkin’s malignant
lymphoma in adults [1]. This neoplasm is character-
ized by an aggressive course, namely: the rapid
tumor progression, high involvement of extralym-
phatic organs and tissues, as well as a fatal outcome
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Kas 4YacToTa BOBJIEUEHHUS JKCTPATUMGPATHIECKHUX
OpraHOB M TKaHEH, a TakKe JIETAJIbHBIA KCXO7, B
TeuyeHHe OJTHOTO ro/ia OT MOMEHTA ITOCTAHOBKH JTHA-
THO3a B OTCYTCTBHE CHENU(PUIECKOTO JieueHus [2].
BmecTe ¢ TeM JaHHBIH BapHUaHT HEXOIKKHHCKUX
suMdoM OBICTPO OTBEYAeT Ha CBOEBPEMEHHO Hava-
Ty TEPAIUIO, YTO MOKET IPUBOJIUTH K CTOUKHUM
pemuccusm [3].

OfHUM W3 TPEJUKTOPOB IIJIOXOTO OTBETa Ha
JIeYeHUEe U CHIKEHUs TTOKa3aTejied BBI?KHBAeMOCTU
OOJIBHBIX ABJsAETCS OOHapy:KEHUWE B KJIeTKaX JINM-
dombr abeppanuii, 3arparuBawimux 1P53 [4, 5].
PesysbTaThl  MEXAYHAPOAHBIX  HWCCJIEIOBAHUM
JIEMOHCTPUPYIOT HeOJIarompusTHOE ITPOTHOCTHYE-
CKOe 3HaUYeHUe TOUEUHbIX MyTanuii reHa TP53, KoTo-
pble MOTYT OBITh BBISBJIEHBI OOJIEe YEM B 20 % CIIy-
YyaeB, a TaKJKe UX CBA3b ¢ 0O0Jiee BBICOKOH TPYIIOH
pucka 1o International Prognostic Index (IPI) u cuu-
JKEHHUEM BEPOSTHOCTH JIOCTHIKEHHUS ITOJTHOTO OTBETA
Ha jiedenue [6].

T'en TP53 xopupyeT MOCJIeL0BaTeIbHOCTh OHKO-
cyrpeccopHoro 6enka — p53 [7], akTUBHOCTb KOTO-
poro HampaBjieHa Ha YyCTpaHEHUEe IIOCJIe/ICTBUIH
MOBPEK/IEHUS] TE€HOMa, UTO PeaJM3yeTcs 3a CYeT
OCTAaHOBKHU TMPOJBIIKEHUS KJIETOUHOTO ITUKJIA H
3aIlyCKa BOCCTAHOBJIEHHS HMEIOIUXCS TOBPEXKE-
HUH 7100 AaKTUBAIUU WPOTPAMMBI  KJIETOUHOM
cmepru [8].

N3BeCTHO, YTO OAHOHYKJIECOTHUAHBIH IOJTUMOP-
$u3M rs1042522 umeeT BAUAHUE Ha GEHOTUII MyTa-
uuit TP53 [9]. lanHas 3ameHa Hykieotuza G Ha C B
cocTaBe 72-TO KOJIOHA TeHa Ha YPOBHE aMHUHOKHC-
JIOTHOU TIOCJIEJTOBATEIPHOCTA IPHUBOJUT K 3aMeHe
Arg Ha Pro u u3MeHeHHIO YKJIaAKu Oenka p53 [10].
AJenbHBIE BaADUAHTHI P53 — MPOJIMH W apTUHUH-
coJiepskalue — IPU BTOM COXPAHSIOT (QYHKIHO-
HAJIbHYI0 aKTUBHOCTh, HO XapaKTEPU3YIOTCS [IE€JIBIM
psimom ocoberHoctel [11]. OmHOM U3 TaKUX 0COOEH-
HOCTeU SIBJISETCA TO, YTO APTUHUHOBBIA BapHAHT
Oeslka ¢ TOYEYHBIMU MYTAIIUAMHU B ITOCIEN0BATETb-
HOCTH CBSI3BIBAETCSA C OETKOM-TOMOJIOTOM P73 1 HEH-
TPAJIUBYET €ro MPOoaIoITOTHUYECKOE JielcTBuE [9].

W3 surepaTypbl U3BECTHO, UTO JJIS TAIIIEHTOB C
IUIOCKOKJIETOUHOM KapIIMHOMOI OPTraHOB T'OJIOBHI U
Ier, KapIUHOMAaMK MOJIOYHBIX 3KeJIe3, TOJICTOH
KHUIIKA ¥ MOYEBBIBOJAIINX ITyTeH NPH BBIABJIEHUH
renotuma G/C JaHHOTO MapKepa ObLIO XapaKTEPHO
obHapy:keHue Mmyranuii TP53, 3aTparuparonux Arg-
aJlIesib, OJTHOBPEMEHHO C MOTEPEN reTEPO3UTOTHO-
ctu (IIT) Pro-amnensa [12—15]. JlauHbIH (peHOMEH
MOKeT OBITh OCHOBOU CBSI3U Arg-ajuiesisi 1s1042522
¢ TUIOXUM IPOTHO30M Y OHKOJIOTHYECKHUX OOJIBHBIX
[16—21]. OgHako Moy TUpPYyIOllee BIAUSHUE JAHHOTO
Mapkepa Ha (EHOTHI TOYeuHbIX Myrauuil TP53

within one year from the date of diagnosis in the
absence of specific treatment [2]. However, this vari-
ant of non-Hodgkin’s lymphoma responds quickly to
timely therapy, which can lead to sustained remis-
sions [3].

One of the predictors of a poor response to
treatment and decrease in patient survival is the
detection in lymphoma cells of TP53 gene aberra-
tions [4, 5]. The results of international studies
demonstrate the unfavorable prognostic value of
point mutations in the TP53 gene, which can be
detected in more than 20% of cases, as well as their
association with a higher risk group according to
the International Prognostic Index (IPI) and a
decrease in the likelihood of a complete response
to treatment [6].

The TP53 gene encodes the sequence of the p53
tumor supressor protein [7], whose activity is aimed
at eliminating the consequences of genome lesions,
which is realized by the halt of cell cycle progression
and starting the repair the damage, or inducing the
programmed cell death [8].

The single nucleotide polymorphism rs1042522
is known to influence the phenotype of TP53 muta-
tions [9]. This G to C nucleotide substitution in the
codon 72 of the gene in the amino acid sequence
leads to the substitution of Arg to Pro and a change in
the p53 protein folding [10]. Allelic variants of p53 —
proline and arginine-rich — retain their functional
activity, but are characterized by a number of fea-
tures [11]. One of these features is that the arginine
variant of a protein with point mutations in the
sequence binds to the p73 homolog protein and neu-
tralizes its proapoptotic effect [9].

It is known from the literature that for patients
with squamous cell carcinoma of the head and neck
organs, carcinomas of the mammary glands, colon
and urinary tract, when the G/C genotype of this
marker was detected, the detection of TP53 muta-
tions in the Arg allele was characteristic, simultane-
ously with the loss of heterozygosity (LH) in the Pro
allele [12—15]. This phenomenon may be the basis for
the association of the Arg allele rs1042522 with a
poor prognosis in cancer patients [16—21]. However,
the effect of this marker on the phenotype of point
mutations in TP53 needs to be clarified and analyzed
in a wide range of tumors, including malignant neo-
plasms of the blood system.

AIM OF THE RESEARCH

To describe the frequency of somatic mutations
and LH in the TP53 gene depending on the
rs1042522 genotype in the tumor tissue of patients
with DLBCL.
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HY’K/JTaeTCSI B YTOYHEHUH U aHAIN3E IPU ITUPOKOM
KpyTe OIyXOJIeH, BKJII0Yas 3JI0KaUeCTBEHHbIE HOBO-
06pazoBaHUsI CUCTEMBI KDOBH.

IHEJb NCCIEJOBAHUA

Omnwucarh 4acTOTy BCTPEUAEMOCTU COMATHUYECKUX
mytarui u I1I" B reHe TP53 B 3aBUCIMOCTH OT T€HO-
THIIA TS1042522 B OIMYXOJIEBOU TKAaHM IMAIMEHTOB C
JBKKJL.

MATEPUAJIBI 1 METO/IbI

B uccnenoBanue ot 150 6osbHBIX JIBKKJL.
Juaraos JIBKKJI 6611 BepudunupoBaH ¢ IpUMeHe-
HHUEM THCTOJIOTHUYECKOTO W HWMMYHOTHCTOXUMHUYE-
CKOT'O HCCJIEIOBAaHUM OIIyXOJIEBBIX OYAroB IIOpa-
JKEHUS.

BriiesieHre HYKJIEMHOBBIX KUCJIOT BBIMOJIHSIN
10 CTaH/IAPTHOU MeTo/IKe (heHOTbHO-XJI0POhOpPM-
HBIM METOJIOM U3 CPE3OB C OJIOKOB (DUKCHPOBAHHBIX
dbopManHOM U 3aMUTHIX B mapaduH OHONTATOB
suMmpombl. KoHTpotmpoBasiock, 4ToOb! OmmyxoJsieBast
TKaHb B cpe3e mpeobiazaia Haja 370poBon. Kaue-
¢TBO U yucToTta noiaydenHoi JJTHK nmposepsutnch Ha
arnmmapare Epoch (BioTek Instruments, USA).

l'enoTunupoBaHue rs1042522 reHa 1P53 1po-
Bogunock Merozom IIIP ¢ ananmsom mosmumop-
¢dusmMa IMH PECTPUKLIMOHHBIX (parMeHTOB
(ITIP-TIAP®D) [22]. B peakuu ITIP ¢ prankupy-
IOIUMU [paliMepaM# BBIIOJHAIN aMILUTUpUKA-
[OHI0 YYaCTKA PACIOJIOKEHUS IS1042522 (mpaii-
Mepsl npousBoactBa OO0 «BbuocuuTes» (HoBocu-
6upck, Poccus): F 5'-gacccaggtccagatgaa-3' u
R 5'-agaagcccagacggaaac-3') co CaeayrIuMu yCao-
BUSAMH: OOWH HUKI: 95 °C — 5 MHH; 35 IIUKJIOB:
95°C—-30¢,50°C—-30¢c,72°C — 20 ¢; OIUH IIUKJI:
72 °C — 7 MHUH.

Jlajlee aMIUIMKOH B TeYeHHe 12 4 0OpabaThiBaiu
pectpukrazoii BstFNI (HIIO «Cu63u3um», HoBo-
cubupck, Poceust), B3sTON B U30BITKE. Pe3ybTaThl
peakiuu OLlEHUBAIU IyTeM dJieKTpodope3a B 4%
IOJTHAKPUIAMUTHOM Tesie (puc. 1).

Ins upentudukanuu [T B 006pasnax omyxosu ¢
reTEPO3UTOTHBIM T€HOTUIIOM aHAJTU3UPYEMOTO Map-
Kepa IPUMEHAIACh METOOJIOTHSA, IMPeJJIOKEeHHAs
paHee U OCHOBAaHHAs HA TOM, YTO IPHU PA3JIUIHOM
MPOIIEHTHOM COOTHOIIIEHUH Arg- u Pro-ajurenen
r's1042522 B UCCJIEAyeMbIX 00pasiiax UMeeT MeCTO
pa3JInyHOEe COOTHOIIEHUE SIPKOCTU II0JIOC Ha DJIeK-
Tpodoperpammax pesysnbraToB IIIP-II/IP® ana-
JIN3a U MTUKOB Ha XPOMAaTOTpaMMaxX CUKBEHCOB, COOT-
BETCTBYIOIIUX ayliesisim [13].

[IpesicTaByieHHBIM aBTOPaMH ITOAXOM ObLI HAMH
BOCIIpOM3BeJIeH. [IJ1 3TOro M3 TpyHIbl Uccaea0Ba-
HUS BBIOMpaId ¥ JOBOAWIN JI0 KOHIIEHTPAIIMH

MATERIALS AND METHODS

The study included 150 patients with DLBCL. The
diagnosis of DLBCL was verified histologically and
immunohistochemically.

Nucleic acids were isolated according to the stan-
dard procedure by the phenol-chloroform extraction
from sections made from blocks of formalin-fixed
and paraffin-embedded lymphoma biopsy speci-
mens. It was controlled that the tumor tissue in the
section prevailed over the healthy one. The quality
and purity of the obtained DNA were checked on an
Epoch device (BioTek Instruments, USA).

The rs1042522 genotyping of the TP53 gene was
carried out by PCR with the analysis of restriction
fragment length polymorphism (PCR-RFLP) [22]. In
the PCR reaction with flanking primers, the amplifi-
cation of the region containing rs1042522 was per-
formed (primers manufactured by Biosintez LLC
(Novosibirsk, Russia): F 5’-gacccaggtccagatgaa-3’
and R 5’-agaagcccagacggaaac-3’) under the following
conditions: one cycle at 95°C — 5 min; 35 cycles at
95°C — 30 s, 50°C — 30 s, 72°C — 20 s; one cycle at
72°C — 7 min.

Then, the amplicon was treated for 12 h with the
BstFNI restrictase (SibEnzym Ltd., Novosibirsk,
Russia), taken in excess. The results of the reaction
were evaluated by electrophoresis on 4% polyacryl-
amide gel (Fig. 1).

To identify LH in tumor samples with a heterozy-
gous genotype, we used the methodology proposed ear-
lier and based on the fact that with a different percent-
age of Arg and Pro alleles rs1042522 in the studied
samples, there is a different ratio of the brightness of
the bands on the electrophoregrams in PCR-RFLP and
peaks in chromatograms corresponding to alleles [13].

We have reproduced the approach presented by
the authors. For this, one Arg/Arg and one Pro/Pro
homozygous tumor sample was selected from the
study group and brought to a concentration of 10 ng/
pl. Then they were mixed in 11 tubes in the ratios
10:0,9:1, 8:2,7:3, 6:4, 5:5, 4:6, 3:7, 2:8, 1:9, 0:10 and
used for PCR-RFLP with restriction endonuclease
BstFNI (Fig. 2).

The confirmation of LH cases was performed by
automated direct Sanger sequencing. For this pur-
pose, the obtained amplicons were purified from
salts, unused primers, and deoxynucleoside triphos-
phates using Sephadex G-50 microcolumns. The
analysis was performed by capillary electrophoresis
on a Genetic Analyzer 3500 (Applied Biosystems,
Hitachi, USA). The sequencing results were analyzed
using the SeqScape and Chromas software.

Mutations in the DNA-binding domain of TP53,
which includes exons 5 to 8 of the gene, in the
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Puc. 1. Pesynbrarsl pecrpuknuy BstFNI npu reHOTUIMPOBAaHUHU I'S1042522: M — MapKep MOJIEKYJIIPHOU Macchl;
1— 125 + 172 napsl HyKyI1eoTH 10B (11.H.) (reHOTHI Arg/Arg); 2 — 125 1.H. (reHotun Arg/Pro); 3 — 172 m.H. (reHotun Pro/Pro)
Fig. 1. Results of BstFNI restriction during rs1042522 genotyping: M — molecular weight marker; 1 — 125 + 172 base pairs
(b.p.) (Arg/Arg genotype); 2 — 125 b.p. (Arg/Pro genotype); 3 — 172 b.p. (genotype Pro/Pro)

10 Hr/MKJI 0 omHOMY Arg/Arg u Pro/Pro romosu-
TOTHOMY OITyX0JieBoMy o6pasiry. Jlasee ux cMemanu
B 11 mpoOHpPKaxX B COOTHOIIEHUAX 10:0, 9:1, 8:2, 7:3,
6:4, 5:5, 4:6, 3:7, 2:8, 1:9, 0:10 u B3siu B IIIIP-
[IIP® aHasim3 C HSHAOHYKJIEAa30d PECTPUKIIUHN
BstFNI (puc. 2).

IlonTBepkaenue ciyyaes III' BBINIOSHAIOCH
METO/IOM aBTOMATHYECKOT0 KAIWLIAPHOTO CEKBe-
HUpoBaHUA. J{y1s1 5TOro HapaboTaHHbBIE AMILUIMKOHBI
MO/[BEPTaJId OYHCTKE OT COJIEH, HE BKJIIOUHBIITUXCS
nmpaiMepoB H JIe30KCUHYKJIeo3uaTpudocdaToB ¢
[TOMOIIbI0 MUKPOKOJIOHOK ¢ Sephadex G-50. AHamu3
OCYIIECTB/ISUI METOZIOM KAIlWJUIIPHOTO 3JIEKTPO-
¢dopesa Ha anmmapare Genetic Analyzer 3500 (Applied
Biosystems, Hitachi, USA). Pe3ysibTaTbl CEKBEHUPO-
BaHUSA AaHAJIU3WPOBAJIU C IIOMOIIBIO IPOrpaMM
SeqScape 1 Chromas.

Myranun B JIHK-cBassiBaromem sgomeHe 1P53,
BKJIIOYAIOIIEM C 5-TO IO 8-i SK30HBI reHa, B OIyXO0-
JeBoii TKaHu nanueHToB ¢ JIBKKJI BBISBIISIIIN METO-
JIOM TIPAMOTO ceKBeHUpoBaHWs 1o CeHrepy, Kak
ObL10 omEicaHo paHee [23]. PyHKIIHIOHATIBHOE 3HAYE-
HUe BBISBJIEHHBIX MYTAIIUH OIPENEsI B XOZE
JINTEPATYpPHOTO TIOMCKA, QHAJIN3a CIIENUAIU3UPO-
BaHHbIX 0a3 nanHbIX (IARCTP53 Database, COSMIC)
U C TIOMOIIBI0 OHJIAHH-TIporpamMMbl Polymorphism
Phenotyping 2 (Polyphen-2) [24].

CTaTUCTUYECKUN aHAIN3 MMPOBOJWJIHN C HCIIOJb-
3oBanueMm mporpammbl STATISTICA 10 (StatSoft
Inc., USA), omepanmonnas cucrema Windows 10
(Microsoft). IIpu ananmmse pacrnpefeaeHus 4acTOT
ajUteyied M TEeHOTUIIOB IS1042522 TIPOBEPSIOCH
cobmonenne paBHoBecusa Xapau — BaituGepra. [{sa

tumor tissue of patients with DLBCL were detected
by direct Sanger sequencing, as described previ-
ously [23]. The functional significance of the identi-
fied mutations was determined in the course of a
literature search, analysis of specialized databases
(IARC TPs53 Database, COSMIC), and using the
Polymorphism Phenotyping 2 (Polyphen-2) soft-
ware tool [24].

Statistical analysis was performed using the STA-
TISTICA 10 (StatSoft Inc., USA) for Windows 10
(Microsoft). When analyzing the distribution of fre-
quencies of rs1042522 alleles and genotypes, the
Hardy-Weinberg equilibrium test was used. To com-
pare the frequencies, the standard Pearson’s ¥ test
was used. The relationship between the studied
parameters was assessed by calculating the odds
ratio (OR) with a 95% confidence interval. Differ-
ences between the compared parameters at p < 0.05
were considered statistically significant.

A high frequency of TP53 mutations detection
occurs in a wide range of animal and human tumors
[25, 26]. Despite decades of study and a large
amount of knowledge accumulated by researchers, a
clear understanding of the molecular mechanisms
of the p53 tumor suppressor protein has not been
achieved. At the same time, there is no doubt that
structural aberrations in the TP53 gene are a key
mechanism in the formation of a predisposition to
the development, initiation, and progression of
many tumors, including malignant non-Hodgkin’s
lymphomas [27].
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Pro-amesns
Pro allele

Arg-ajuiens
Arg allele

l.'

e . %
T T Wl el e aas

Pro-annens / Pro allele 1.0 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 0.0 M
Arg-annens / Arg allele 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Puc. 2. PesysbraTsl pectpukinu BstFNI mpu reHOTHIUPOBAHUU I'$1042522 B 00pasIiax, Co/iep:KaluX Pa3JIMdHOE COOT-
HolleHue Arg- u Pro-ajuienei (125 ¥ 172 I.H. COOTBETCTBEHHO) 1$1042522 reHa TP53: M — MapKep MOJIEKY/IIPHON MacChl;
nudpamu 0603HaUEHBI COOTHOLIEHN Arg- U Pro-asutesneil B o6pasmax
Fig. 2. The results of BstFNI restriction for the TP53 SNP rs1042522 genotyping in samples containing different
proportion of Arg and Pro alleles (125 and 172 b.p., respectively): M — molecular weight marker; numbers indicate the
proportion of Arg and Pro alleles in the samples

CpaBHEHUSI YAaCTOT WCIIOJIb30BAJICS CTaH/IAPTHBIN
kputepuii x2 [TupcoHa. O1ieHKa CBSI3H MEK/TY UCCIe-
JlyeMBbIMH TIapaMeTpaMH ITPOBOIMJIACH € TTOMOIIIBIO
pacuera otHorienus 1mancos (OIII) ¢ 95% mosepu-
TeJIbHBIM uHTepBasioM (/IM). Pasmuuus mexmy
CpaBHMBAEMbBIMHU IIOKA3aTeJsIMH IPU 3HAYEHUH
P < 0.05 CUATAJINCh CTATUCTUYECKU 3HAYUMBIMH.

PE3YJIBTATBI 1 OBCY KAEHUE

Bricokasg wacrora BbIsABJeHUs Mytanui TP53
WMeET MECTO MPU MIUPOKOM KPYTe OIMyXOJeH JKUBOT-
HBIX U YeJIoBeKa [25, 26]. HecMoTps Ha JecATHIETHS
u3ydeHus U O60JbIION 00beM HAKOIUIEHHBIX HCCIIe-
JIOBaTeJIIMH 3HAHWUM, YETKOE MOHUMAHWE MOJIEKY-
JIIPHBIX MEXaHU3MOB paboThl OeJIKa-OHKOCYIIpec-
copa p53 Tak U He JJOCTUTHYTO. BMmecre ¢ TeM Heco-
MHEHHO, 4YTO CTPYKTypHble abeppaiui B TeHe
TP53 — KIIOUEBOU MeXaHU3M B (OPMUPOBAHUU
MIPEJIPACIIONIOKEHHOCTH K Pa3BUTHIO, HHUITUAIINU U
MPOTPECCUH MHOTHX OIyXOJeHd, BKJIYas HEXO/-
JKKMHCKHE 3JI0KaYeCTBEeHHBIE INM(OMBI [27].

CrpykTypa naHHoro reHa mnosuMmopdHa [28].
BosbIIHHCTBO HAEHTU(GUIUPOBAHHBIX B HEM OHO-
HYKJIEOTHJHBIX 3aM€H, MaJIbIX WHCEPIUU W Jese-

The structure of this gene is polymorphic [28].
Most of the single nucleotide substitutions, small
insertions and deletions identified in it, are located
in intronic regions and do not involve splice sites.
The single nucleotide substitution in rs1042522 is
located in the coding sequence of the TP53 exon 4
and is the most studied in both experimental and
population studies.

The results of the study of tumor tissue in cancers
showed that this marker can be an intragenic modu-
lator of TP53 mutations. Thus, when the Arg/Pro
genotype was detected, somatic mutations in the Arg
allele of the gene were revealed predominantly,
which was often combined with the loss of the Pro
allele [12—15]. It is also known that allelic variants of
p53 are functionally different. In tumor cell lines, at
an equal concentration of p53 in cells, a greater abil-
ity for apoptosis was noted for the Arg/Arg genotype
compared to Pro/Pro [18].

Previously, the study of the rs1042522 genotype
in lymphomas’ tissue was not carried out, in contrast
to the study of this marker in healthy tissues (periph-
eral blood, bone marrow, and buccal epithelium) of
patients [29]. At the same time, it has been suggested
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OUH PacIoIOKeHbl B MHTPOHHBIX YYACTKAX U HE
3aTparuBamT CcaluToB cruiadicuara. OJXHOHYKJIEO-
THUJIHAS 3aMeHa I's1042522 PacloJioKeHa B KOJUPY-
IOI[eNd TIOCTIEI0BATETPHOCTH YETBEPTOTO 9K30HA
TP53 u siBasieTcst HauboJsiee U3y4YEHHOU KaK B DKCITe-
PUMEHTAJIbHBIX, TAK U B MOMYJISIUOHHBIX UCCIIE0-
BaHUSAX.

PesysibTaThl HCCIIEIOBAHUSA OIYX0JIEBOU TKAHH IIPH
pakax IoKa3aJIu, UTo IAHHBIH MapKeP MOKET SIBJISATHCS
BHYTPUTEHHBIM MOZYJIITOPOM 3ddeKra MyTaruit
TP53. Tak, npu BbIsIBJIeHUH TeHOTHIIA Arg/Pro oTme-
YEHO IPEUMYIIECTBEHHOe OOHApy:KeHHe COMAaTHYe-
CKHUX MyTaIii B Arg-ajiiesie TeHa, YTo 3a4acTyIo coue-
TaJoch ¢ yrparoil Pro-ayutens [12—15]. M3BecTHO
TaK)Ke, YTO aJUleJIbHble BApUAHTHI P53 (PYHKIIHO-
HAJIbHO PA3JIMYHBL. B OIyX0J1eBBIX Ky/IBTYPAX IIPH PaB-
HOH KOHIIEHTPAINH P53 B KJIETKAaX OTMeYasach 00JIb-
11as1 ClIOCOGHOCTB K AITONTO3Y IPU reHoTUIIe Arg/Arg B
cpaBHeHuu ¢ Pro/Pro [18].

Panee u3ydeHWe reHOTHIIA T'S1042522 B JIUM-
(oMHOI TKaHU HE TPOBOJUIIOCH, B OTJIUYUE OT U3Y-
YeHWUs TAHHOTO MapKepa B 3/TOPOBBIX TKaHAX (I1epu-
(eprueckoil KpOBU, KOCTHOM MO3Te ¥ OYKKaJIbHOM
SIIUTEINN) ITaleHToB [29]. BMecTe ¢ TeM BBICKA3hI-
BaeTcs IPEJIOJIOKEHHe, UTO TeHOTHUIl I'S1042522
TP53 3710kauecTBeHHbIX Ki1eTok pu JIBKKJI nzomnu-
POBAaHHO WJIH B COBOKYITHOCTH C COMATUYECKHUMHU
mytanuamu u/wiu [T B 1aHHOM reHe ompezenser
(eHOTHII OITyX0JTH.

B cBsA3M ¢ 3TUM Ha TepBOM 3Tare paboThl HAMU
OblIa M3ydeHa acCOIMalMsA COMAaTHYECKUX abeppa-
ol B reHe TP53 ¢ TEHOTHIIOM HACJIEyeEMOTO
rs1042522 B omyxosieBoi Tkanu JIBKKJI. B Tab6s. 1
IIPE/ICTABJIEHO PAaCIpe/ieJIeHNe YacTOT aJUlesiedl u
TEHOTHUIIOB B TUMMOMHOU TKaHU. [Ipeobiramaromum
B TpyIIIe HCCIETOBAHHBIX 0OpA3I[0B ObLI T€HOTHI
Arg/Arg (48.6 %). Ha munopHBI# reHotun Pro/Pro
npuxoawiaoch 8.8 %. TI'enotunn Arg/Pro wumenn
42.6 % obOpasioB. Pacmpeziesenre 4acToT ajiesied
610 coeayoomum: G-ayutens — 70 %, C-aiens —

that the TP53 rs1042522 genotype of malignant cells
in DLBCL alone or in combination with somatic
mutations and/or LH in this gene determines a
tumor phenotype.

In this regard, at the first stage of our work, we
studied the association of somatic aberrations in the
TP53 gene with the genotype of the inherited
rs1042522 in DLBCL tumor tissue. Table 1 presents a
distribution of allele and genotype frequencies in tis-
sue of lymphomas. The Arg/Arg genotype prevailed
in the group of studied samples (48.6%). The minor
Pro/Pro genotype accounted for 8.8%. The Arg/Pro
genotype was found in 42.6% of the samples. The
distribution of allele frequencies was as follows:
G allele — 70%, C allele — 30%, which corresponded
to the Hardy-Weinberg equilibrium (x* = 0.0378)
and was consistent with the data obtained on healthy
tissue of patients [29].

During large population studies, it was shown
that the Arg and Pro alleles of the studied marker
have a different adaptive effect on a human body
exposed to ultraviolet radiation, which is reflected
in the differences in their frequency in the form of a
decrease for Pro alleles and an increase for Arg
alleles in the direction from north to south [30]. The
values of the frequency distribution of alleles and
genotypes of rs1042522 obtained by us, correspond
to the results of other authors studying the gene
pool of the populations of the Siberian region [27,
31, 32].

At the second stage of the work, samples with
the Arg/Pro genotype of the tested marker were
selected. In this subgroup, the frequency of LH in
the TP53 gene was estimated. Several different
mechanisms for the occurrence of this aberration
are known, the predominant of which in the tumor
tissue is deletion of chromosome 17’s region, in
which the gene is localized (partial LH) [33]. It is
known that LH in the TP53 gene is an unfavorable
prognostic factor for such indicators of cancer ther-

Tabuuia 1. Pacupe/iesieHre YacTOT aJyIeJield ¥ TEHOTHIIOB I'$1042522 B TIMM(GOMHON TKaHU
Table 1. Distribution of allele and genotype frequencies of rs1042522 in lymphoma tissue

Yacrora / Frequency

rs1042522
n %
T'enorun / Genotype:
Arg/Arg 73 48.6
Arg/Pro 64 42.6
Pro/Pro 13 8.8
Asnenp / Allele:
Arg 210 70.0
Pro 90 30.0
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30 %, U4TO COOTBETCTBOBAJIO COXPAHEHUIO PAaBHOBE-
cust Xapau — Batinb6epra (2= 0.0378) u coryiacoBa-
JIOCH C ITAaHHBIMU, TTOJTyYeHHBIMH Ha 3/TOPOBOH TKAHU
MMaIyeHToB [29].

B xo/ile KPYIHBIX MOIMYJIAIUOHHBIX HCCIEI0BA-
HUH OBUIO TIOKA3aHO, YTO Arg- u Pro-asienu usyda-
€MOro MapKepa HMEIT Pa3JIUYHbIA aJallTHBHBIA
3¢ deKT mpu BO3JEHCTBUM HAa OPraHU3M YeIOBEeKa
yIbTpaduoIeTa, YTO HAXOAUT CBOE OTpaKEHUE B
Ppa3JIMYUAX YACTOTHI UX BCTPEYAEMOCTH B BHUJIE YObI-
BaHUA sl Pro-ajutesieli W HapacTaHus s Arg-
ajIiesiell B HAaIIpaBJIeHUH ¢ ceBepa Ha 1or [30]. [Tomy-
YeHHble HAMHU 3HAYEHUs pACIpE/IeJIEHUs YacCTOT
ajyteyied M TeHOTUIIOB I'S1042522 COOTBETCTBYIOT
pesyJibTaTaM JIpyTUX aBTOPOB, WU3Y4YarOIIUX Te€HO-
dona momyssamuit Cubupckoro pernona Poccuu [27,
31, 32].

Ha Bropom »Tame paboTbl ObLIM OTOOpPaHBI
poObI, UMeInue reHoTHIl Arg/Pro tectupyemoro
Mapkepa. B maHHOU moarpymie ObUia OlleHeHa
vacroTa IIT" B rene TP53. I3BeCTHO HECKOJIBKO pas-
JIMYHBIX MEXaHH3MOB BO3HUKHOBEHUS JIAHHOTO
COOBITHSI, TPE006JIAIAIOIINM U3 KOTOPBIX B OITyXO0JIe-
BOU TKaHU SIBJISETCS JIeJIEIUsl yJacTKa 17-U XpoMo-
COMBI, B KOTOPOM JIOKa/TM30BaH reH (uactuuHas [110)
[33]. W3 tutepatypsl usBectHo, uto I1T" B rere TP53
sBysieTcss (PAKTOPOM HeOJIarompHUsTHOTO ITPOTHO3a
JUIsL TaKUX ToKazaTresied 3¢G@PEeKTUBHOCTA TepaIuu
3JI0KAYeCTBEHHBIX HOBOOOPA30BaHUM, Kak o0IIas u
Oe3peru/IuBHAS BEI?KUBAEMOCTb O0JIbHBIX [19, 34].

Ha puc. 3 npezcraBieHa 3JieKTpodoperpaMmma
ciaydaeB iuM@pOMBI ¢ ipeanonaraemoi [T, /lanubie
MpOOBI BU3YaJIbHO UMEIOT MEHBIITYIO BHIPAKEHHOCTh
U SIPKOCTh IIOJIOCHI, COOTBETCTBYIOIIEH JEIETHPO-
BaHHOMY aJutestio [13].

IToxreepkaenue 11" BBINONHANM ITyTeM aBTOMA-
THYECKOTO KaIWJUIAPHOTO CEKBEHUPOBaHUA. B cory-
Yyae TeTEPO3UTOTHOCTU IO HAC/IEeIyeMbIM OJTHOHY-
KJIEOTHTHBIM MOJIMMOP(PU3MaM B HOpMe Ha XpoMa-
TOTpAaMMe CHKBEHCAa B AHAJIM3UPYEMOH IO3HUIUHU
Ha0JII0AIOTCS JIBA IMHMKA PAaBHOHN BBICOTHI, YPOBEHD
CUTHAJIa KOTOPBIX IPUMEPHO B JIBa pa3a HIKE OKPY-
JKAIOMUX TUKOB (puc. 4). [Ipu moTepe reTepo3uUroT-
HOCTH B QHAJIWU3UPYEMOHN IO3UIIMU BBHICOTA IBYX
MMUKOB pas3yuuaercs [13].

Hamu ObUIH TIOATBEPIKIEHBI MTPAKTUUECKU BCE
cayuyau (16 w3 17 (16/17)) mpeamonaraemoin IIT
(puc. 5), 4TO COCTABHJIO 25 % BCEX F€TEPO3UTOTHHIX
00pasIoB U COIJIaCOBAJIOCH € JINTEPATYPHBIMHU JIaH-
HeIMU (9.1-35 %) [35, 36]. B mpexacraBieHHBIX
IMyOTMKAIUAX TMEET MECTO pa3bpoc YacTOTHI BHIAB-
nenus IIT' 8 TP53 npu ABKKJI ot 9.1 10 35 %, 4TO
MO2KET OBITh CBSI3aHO C PA3JIMUKUSAMHY Pa3Mepa U KJIH-
HUYECKUX XaPAKTEPUCTHK TECTHUPYEMBIX IIOIYJIs-

apy effectiveness as overall and relapse-free sur-
vival [19, 34].

Fig. 3 shows the electrophoregram of cases of
lymphoma with suspected LH. These samples visu-
ally have a lower intensity and brightness of the band
corresponding to the deleted allele [13].

For confirmation of LH, the direct Sanger
sequencing was performed. In the case of heterozy-
gosity for inherited single nucleotide polymor-
phisms, the normal chromatogram in the analyzed
position shows two peaks of equal height, the signal
level of which is approximately two times lower than
the surrounding peaks (Fig. 4). With the loss of het-
erozygosity in the analyzed position, the height of the
two peaks differs [13].

We confirmed almost all cases (16 out of 17
(16/17)) of suspected LH (Fig. 5), which accounted
for 25% of all heterozygous samples and were con-
sistent with the literature data (9.1-35%) [35, 36].
In the presented publications, there is a spread in
frequency of TP53 LH detection in DLBCL — from
9.1 to 35%, which may be due to differences in the
size and clinical characteristics of the tested popula-
tions, and in the methods used by researchers to
assess LH.

The most popular technique for determining LH
in the TP53 gene is currently FISH (Fluorescence In
Situ Hybridization) using probes specific to the loca-
tion of this gene on the short arm of chromosome 17,
which makes it possible to detect cases of both com-
plete and partial LH. However, this method is not
sensitive to cases of LH, based on the deletions
smaller than the hybridization site of the probe, as
well as the phenomenon of uniparental disomy,
when LH is not accompanied by a decrease in the
number of gene copies [37].

At the third stage of the study, we detected the
somatic mutations of the TP53 DNA-binding domain
in tissue of lymphomas. More than 30 aberrations
were detected in 25/150 (16.6%) samples, which was
slightly lower than the frequency of mutations in this
gene according to other authors (20—24%) [38], and
can be explained both by differences in the power of
studies and by the use of different methods.

Another explanation may be a feature of the
cohort we studied, namely: the samples in our work
were diagnostic, i.e. were obtained from patients
with newly-diagnosed lymphomas. At the same time,
it is known that TP53 mutations are detected more
often with an increase in the duration of the disease.
In addition, the direct Sanger sequencing method
that we use has a sensitivity of about 10-30% [39],
which does not allow detection of aberrations with a
representation of the mutant allele below this value,
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Puc. 3. PezynbraTs! pectpukiiuu BstFNI npu reHOTHIUPOBAHUU I'S1042522 B 06pa3Iiax OmyxoJin:
M — MapKep MOJIEKYJIIDHOU Macchl; 1 — 172 ILH. (teHOTHI Pro/Pro); 2 — 125 wH. (teHoTHI Arg/Arg);
IIT" — npexnonaraemas noTepsi FeTEPO3UTOTHOCTH 172 + 125 I.H. (reHOoTHII Arg/Pro)
Fig. 3. Results of BstFNI restriction during rs1042522 genotyping in tumor samples: M — molecular weight marker;
1—172 b.p. (Pro/Pro genotype); 2 — 125 b.p. (Arg/Arg genotype); LH — suspected loss of heterozygosity 172 + 125 b.p.
(Arg/Pro genotype)

OHH, OTJIMYHUEM HIPUMEHSEMBIX KCCIe0BATEISIMH
MeToy10B onieHkH I1I" B Guomarepuale.

CaMbpIM TOMYJAPHBIM METOAOM OIIpeJleIeHUsA
[T B rene TP53 B HacTosimiee BpeMs siBasercss FISH
(fluorescence in situ hybridization) ¢ npumenernem
30H/IOB, CIENMU(PUYHBIX PACIOJIOKEHUIO JaHHOTO
reHa Ha KOPOTKOM Ijiede 17-H XPOMOCOMBI, UTO
IM03BOJISIET BBIABJIATH CIydau Kak IOJIHOH, Tak W
vactuuHoi [1T". OgHako JaHHBIA METO/I HE UyBCTBU-
TesieH K caydaam IIT', MmexaHusmaMu BO3HUKHOBe-
HUS KOTOPBIX ABJISAIOTCA JleJIellnU, pa3MePOM MeHb-
[ve, YeM yJacTOK THOPUAU3AIUN 30H/a, a TaKKe
SIBJIEHUS OJTHOPOJUTENIbCKON JucoMuu, korjpa IIT

as well as mutations outside the analyzed DNA-bind-
ing domain of the gene [40].

Most of the mutations were located in exon 5 —
13/31 (41.9%), missense substitutions dominated
(70%) (Fig. 6). Bioinformatic analysis using the Poly-
phen2 software tool showed that more than half
(67.7%) of them were “probably” or “likely” patho-
genic, with the exception of five substitutions —
p-146R, p.R156C, p.M160V, p.T211S, p. G293R.

Six samples showed multiple somatic aberration.
Substitutions p.W146R, p.Ti55I, p.V272E and
p-R273C were encountered twice in the study group.
The functional significance of these missense muta-

Puc. 4. DparmeHTs! cekBeHOTpaMM resa TP53, coziepsKaliiie reTepo3UuroTHbIE OJHOHYKJIEOTHIHbIE 3aMEHBI 10 HaCIey-
eMbIM osIuMopdu3Mam
Fig. 4. Fragments of TP53 gene sequencing containing heterozygous single base substitutions
for inherited polymorphisms
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Puc. 5. PparMeHThI ceKBeHOIpaMM (CEKBEHUPOBaHKE ¢ 0OPATHOTO IpaiiMepa) 4-ro 9k30Ha rea TP53
130paHHBIX CIIyYaeRB C IPEANoIaraeMoi oTepei TeTeEPO3UrOTOCTH
Fig. 5. Fragments of sequencing (from a reverse primer) of the TP53 exon 4 of selected cases
with suspected loss of heterozygosity
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HE COIIPOBOJK/IAE€TCS YMEHbBIIIEHHEM YKCJIa KO
rexa [37].

Ha TperbeM sTame wucCIeOBAaHUS BBIITOJIHEHO
u3y4yeHue comaruyeckux  myramud  JJHK-
cBsA3bIBaoIero JoMmena TP53 B iuM(pOMHOM TKaHU.
BrisiBsieHo 6osiee 30 abepparuii B 25/150 (16.6 %)
npobax, 4To OBLIO HE3HAUUTEJHbHO HUKE JAHHBIX
10 YaCTOTE MyTalli B TAHHOM TeHe, IIPeJICTaBJIeH-
HBIX JPYTUMH aBTOpamu (20—24 %) [38] u moxer
OBITh OOBSICHEHO KaK Pa3IUUYUsIMU B MOIIHOCTH
HCCIEIOBAaHUH, TaK U NMPUMEHEHUEM Pa3JIMUHBIX
METO/TUK.

Ipyrum 00bsCHEHHEM MOKET ObITH 0COOEHHOCTh
n3yyaeMOd HaMU BBIOOPKHM, a MMEHHO: 00pasIlhl,
MpOaHAJIU3UPOBAHHbBIE B HaIllell paboTe, SBJISJIUCH
JIMaTHOCTUYECKUMHU, T.e. ObLIN IOJIyYeHbl OT Iep-
BUYHBIX MAIlMEHTOB. BMecTe ¢ TeM WU3BECTHO, UTO
MyTanuu 1P53 BBIABIAIOTCA Jallle IIPU YBEJINYCHUN
JUIATeNbHOCTU 3aboseBanusa. Kpome Toro, mpume-
HAEMBbIH HaMU TOAXOJ MPSIMOTO CEeKBEHUPOBAHUS
nmo CeHrepy WMeeT UYBCTBUTEJIHHOCTh OKOJIO
10—30 % [39], 9yTO He IO3BOJISET JETEKTHPOBAThH
abeppalii ¢ TPEJCTaBJIEHHOCTbIO MYTAaHTHOTO
aJTeJIs HYDKE TAHHOTO 3HAYEHUs], a TAKYKE MyTaI[luHu
3a mpezenamu aHanusupyemoro JIHK-cBs3biBaio-
1I[ero JoMeHa resa [40].

Bosbiiast yacTh MyTamui pacroJiarajaach B 5-M
9k30HE — 13/31 (41.9 %), TOMUHUPYIOMIUMHU OBLITH
MucceHc-3aMeHBI (70 %) (puc. 6). Buonndopmaru-
OHHBIH aHAJIW3 C M[PUMEHEHHEM I[IPOTrPaMMBbI
Polyphen2 nokazas, uto 6osiee mosioBuHbI (67.7 %)
U3 HUX SIBJISUTUCH «BO3MOXKHO» JIHOO «BEPOATHO»
MMaTOT€HHBIMU, 32 WCKJIIOUEHUEM IATH 3aMeH —
p-W146R, p.R156C, p.M160V, p.T211S, p.G293R.

n=13
I :

5-1 DK30H
exon 5

6-1i DK30H
exon 6

tions is evidenced by their repeated description in
the specialized IARC TP53 and COSMIC databases
for a wide range of malignant neoplasms, including
hemoblastoses.

The p.R213X nonsense mutation and the
p-A189Pfs frameshift mutation result in the synthe-
sis of a truncated form of the p53 protein devoid of
biological activity.

Out of 5 (16%) same-sense mutations, three are
described in the COSMIC in other types of malignant
neoplasms, including lymphomas. Despite the fact
that substitutions of this type do not violate the
amino acid sequence in the initial structure of the
encoded protein, they can disturb the messenger
RNA splicing and folding, reduce the lifespan of a
molecule, slow down the rate of protein synthesis,
ete. [41].

At the fourth stage of the study, an analysis of the
combined detection of somatic aberrations in tumor
samples with a heterozygous Arg/Pro genotype
rs1042522 was performed. It should be noted that
we did not detect samples with a combination of LH
and mutations, which can be explained as follows.
The frequency of somatic aberrations of TP53 in lym-
phomas is lower than in malignant of connective tis-
sue or epithelial tumors. In cancers, their detection
rate can exceed 60—80% [42].

In addition to the lower frequency of mutations in
the TP53 gene in lymphomas, tumor samples from
patients with DLBCL for our study corresponded to
the stage of diagnosis; accordingly, the probability of
combined detection of somatic aberrations was
potentially lower than in the case of studying tissue
of lymphomas in advanced stages of the disease. At

n=9
: l

8-11 9K30H
exon 8

7-11 BK30H
exon 7

Puc. 6. PacripesiesieHrie BBISBJIEHHBIX MyTallli B 5, 6, 7 1 8-M sk30Hax reHa TP53
(>kMpHBIM HIPUGTOM BBIZIEIEHBI MYTAIHH, BCTPEYAIOIIHECS B TPYIITE GOIBHBIX TBAYKIBI)
Fig. 6. Distribution of detected mutations in exons 5, 6, 7 and 8 of the TP53 gene
(mutations that occur twice in the group of patients are in bold)
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B mectn obpasmax ObLIM BBISBJIEHBI MHOXeE-
CTBEHHBIE COMATHUECKHe HapyllneHus. [[BakIpl B
TpyIIe HUCCIENOBAHUS  BCTPEUAINCh  3aMEHBI
p-W146R, p.T1551, p.V272E u p.R273C. O ¢pynkiuo-
HQIBHOU 3HAYMMOCTH 3TUX MHUCCEHC-MYTAI[Ul CBU-
JIETETBCTBYEeT MHOTOKPATHOE UX OIIMCAHUE B CIIEIH-
am3upoBaHHbBIX 6azax naHHbIx IARC TP53 Database
u COSMIC npu mmpoKoM Kpyre 370Ka4eCTBeHHBIX
HOBOOOpa30BaHUH, BKJIFOUAst reMO0OJIacTO3HI.

3ameHa HoHceHc-Tuna p.R213X u wmyrauus
cBUTA paMKH cuuThiBaHusA p.A189Pfs mpuBogar
CUHTEe3Yy YKOPOUeHHOU (popMbl Oeska p53, JUIIEH-
HOT'O OMOJIOTUYECKOU aKTUBHOCTH.

U3 5 (16 %) MyTaruii celMCeHC-TUIIa TPU OITH-
canbl B Catalogue of somatic mutations in cancer npu
JIPYTUX BapHaHTaX 3JI0KAYeCTBEHHBIX HOBOOOpaso-
BaHUH, B TOM uucie npu gumdomax. HecmoTps Ha
TO, YTO 3aM€HBI IAHHOTO BU/IA He HAPYIIAIOT I10CJIe-
JIOBATEJIPHOCTh AMUHOKHUCJIOT B IIEPBUYHON CTPYK-
Type KoaupyeMoro Oejika, OHU MOTYT HapyIlIaTh
KaHOHUYECKOEe IPOTEKAHNE CIUIACHHTa MAaTPUIHOMN
PHK u yxiafiKy, CHUKaTh CPOK >KU3HHU MOJIEKYJIBI,
3aMeJJIATh IPOIEeCCHl CHHTe3a 6eTka U T.A. [41].

Ha uerBeproMm sTare mccieoBaHUs BBITOTHSIICS
aHAJIU3 COYETAHHOTO OOHAPYKEHHA COMATHUECKUX
abepparuii B 06pa31iax OImyxoJin, UMEIOIHX TeTepO3H-
roTHBIN Arg/Pro renorur rs1042522. Ciemyer oTMe-
TUTb, YTO HAMU He OBLTN BBIABJIEHBI IIPOOBI ¢ cOYeTa-
uueM [T u MyTanuii, 4To MOKeT ObITh OOBSICHEHO CJTe-
mytomuM. Yacrora comaruyeckux abepparuii TP53
mpu suM@oMax HIKe, YeM IIPU 3JI0KaYeCTBEHHBIX
OITyXOJISIX COEIUHUTEIbHOTKAHHOTO FJTH SITUTETHAITb-
HOTO TIpoucxoxkaeHus. [Ipu pakax gacToTa uX JeTeK-
[IMH MOJKET IpeBbIIaTh 60—80 % [42].

[ToMrMO MeHBINIEH YacTOTHI MyTalluii B TeHe
TP53 npu tuM@omax, 00pasIrbl OMyXOJIH MAIFEHTOB
¢ IBKKJI siy1s1 HaIlIEro MCC/Ie0BAHUS COOTBETCTBO-
BJIM JIMAaTHOCTUYECKOMY OTAIly; COOTBETCTBEHHO,
BEPOSITHOCTh COUETAHHOTO OOHAPYKEHUS COMaTHye-
ckux abeppanuii 6bUIa MMOTEHIIUAJIBHO HUKE, YEM B
ciydae usyuenus sumdomuon Tkanu B 111 u IV cra-
nuu 6one3uu. [Ipu stom I1I" 1 MyTaruy MOTyT OSIB-
JIATBCS B PA3JINYHOH IIOC/IEIOBATEIBHOCTH, OHAKO
BEpPOSITHOCTh WX COUYETAHHOTO BBIABJIIEHUs, 0Oe3y-
CJIOBHO, YBEJTMIUBAETCS C IPOTPECCUPOBAHUEM OILY-
xonu [43, 34, 35]-

Heo6x0AMMO OTMETUTh TaKK€ U BO3MOKHOCTD
BJIMSTHUS QJUIeJIed M3y4aeMOoro Mapkepa Ha (GyHK-
OMOHAJBHYI0 AaKTUBHOCTh Oesika P53, KOTopas
MOXKET Ppean30BBIBATHCS B TKaHeCHEIU(PpUIHOMN
mozenu. Tak, B mocieHIX paboTax, OMICHIBAIOIIIX
MOJIEKYJIIPHO-TEHETUYECKUI TIOPTPET OIyXOJIEH Ha
OCHOBAaHUHU PE3YJIbTATOB CEKBEHUPOBAHUS HOBOTO
IIOKOJIEHUs, ObLTH O0BSICHEHBI MEXaHU3MBI TIOSIBIIE-

the same time, LH and mutations can appear in dif-
ferent sequences, but the probability of their com-
bined detection certainly increases with tumor pro-
gression [43, 34, 35].

It should also be noted that the alleles of the
studied marker can influence the functional activ-
ity of the p53 protein, which can be realized in a
tissue-specific model. Thus, in recent works
describing the molecular genetic profile of tumors
based on the results of next-generation sequenc-
ing, the mechanisms for the appearance of differ-
ences in the functioning of the Arg and Pro alleles
of rs1042522 were explained. For example, differ-
ential expression of a number of genes in hemizy-
gous cells derived from an Arg/Pro heterozygous
progenitor cell was shown [44]. It has also been
proven that the Arg allele increases the level of
expression of genes that promote the triggering of
programmed cell death, while the Pro allele has a
greater focus on the positive regulation of genes
that control the cell cycle [45].

Allele-specific expression of rs1042522 has been
proven in tissues of the thymus and small intestine
of healthy individuals, as well as cancer patients
[13]. Apoptosis of thymus cells was effectively acti-
vated by the Pro variant of the protein [21], while
that of small intestine cells was activated by the Arg
variant [23].

For spleen lymphocytes, there were no differ-
ences in apoptosis activity depending on the geno-
type for rs1042522 or monoallelic expression of the
TP53 gene [23], which may be due to the need to pre-
serve the possibility of two-allelic expression of TP53
in B-lymphocytes for their normal functioning and
prevention of tumor growth.

In the process of the innate immune response to
antigens, B-cells, passing through the stages of blast
transformation, and then V(D)J recombination and
hypermutability of receptor genes, have a high level
of proliferation and genome instability. This inevita-
bly leads to increased requirements for the error-free
functioning of cell cycle control systems, repair of
DNA damage and the launch of programmed death
both by external and internal mechanisms. In each of
these processes, TP53 plays a key role.

We noted that in the subgroup of specimens of
lymphomas with the Arg/Arg genotype, somatic
mutations occurred in 20/73 cases (27.3%). In the
subgroups Pro/Pro and Arg/Pro, only in 1/13 (7.7%)
and 4/64 (6.25%) cases, respectively. Thus, muta-
tions were significantly more frequently detected in
tumor tissue samples of DLBCL patients with the
homozygous Arg/Arg genotype of the analyzed
marker compared to heterozygous patients
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HUS pa3inyuil B PyHKIMOHUpOBaHUU Arg- u Pro-
ajutesiell rs1042522. Hampumep, ObUIa IMMOKa3aHa
nuddepeHIUaIbHAs DKCIIpeccus psfia TeHOB B
TEMU3UTOTHBIX KJIETKaX, MPOUCXOAAINX U3 Arg/Pro
reTEPO3UTOTHON KJIETKHU-TIPEIIIECTBEHHUIIBI [44].
Taxoxe OBLITIO TOKA3aHO, UTO Arg-ajijiesib MOBbIIIAeT
YPOBEHb SKCIIPECCHH F€HOB, CIIOCOOCTBYIOIINX 3aITy-
CKY IPOTPAMMHUPOBAaHHOU KJIETOYHON CMEPTH, TOT/Ia
Kak Pro-asiesns nMeeT GOJIBIINYIO HAIPABIEHHOCTD B
OTHOIIIEHUU IIOJIOXKUTEJIbHON PETryJAlNN TEeHOB,
KOHTPOJIMPYIONUX KJIETOYHBIN ITUKII [45].

B TKaHAX TUMyca U TOHKOTO KHUIIIEUHUKA 3/10PO-
BBIX JIAIl, & TaKXK€ OHKOJOTUYECKUX IIAI[MEHTOB
JIOKa3aHa aJieb-crienuduyeckas SKCIPECCUs
rs1042522 [13]. AmonTo3 KjIeTok Tumyca dddek-
TUBHO aKTHUBUpPOBaJCA Pro-BapuanTom Geska [21], B
TO BpeMs KaK KJIETOK TOHKOTO KHUIIeYHHKa — Arg-
BapuanToMm [23 )].

151 TuM@OLUTOB cele3eHKY PA3IMINI B AKTHB-
HOCTH amroITo3a B 3aBHCHMOCTH OT TeHOTHIIA II0
r'S1042522 WX MOHOQJLIEIBHOU JKCIIPECCHUU TeHa
TP53 BBIsIBJIEHO He OBLIO0 [23], UTO MOZKET OBITH CBsI-
3aHO ¢ HEOOXOMMOCTHIO COXPAHEHUA BO3MOKHOCTH
JIByXaJuiesIbHOU sKcnpeccuu TP53 B B-mumdonurax
IUI UX HOPMAJbHOTO (PYHKIMOHUPOBAHUS U IIpe-
JIOTBPAIIIEHUSA OIyX0JIEBOTO POCTA.

B mpormecce pasBepThIBAHUSA €CTECTBEHHOTO
OTBEeTa UMMYHHOH CHUCTEMbI HA AaHTUTEHBI B-KieTkH,
IIpoXOoAA BTambl OjacTTpaHcopManuu, a jajee
V(D)J-pekomMOUHAIMK U TUNEPMYTaOETbHOCTU
TeHOB PELeNTOPOB, UMEIOT BBICOKUH YPOBEHb IIPO-
sudepanuy U HeCTaOWIBHOCTh TEHOMA. JTO HEMU-
HyeMO IPUBOJIUT K IOBBIIIIEHNIO TPeOOBaHUH K 6e3-
omuboYHOMY (YHKIIIOHUPOBAHUIO CHUCTEM KOH-
TPOJIsI KJIETOYHOTO IHKJIA, pellapanyil MOBpeX/e-
uuit JJTHK u 3amycka mporpaMMHPOBaHHOM CMepPTH
KaK 10 BHEIIIHEMY, TaK U BHYTPEHHEMY MEXaHU3MY.
B kaxxzom u3 3TUX npoueccoB P53 urpaer Kiaro4de-
BYIO POJIb.

Hawmmu 6pUT0 OTMEUeHO, YTO B IIOATPYIIIIE 00pas-
OB JIUM(MOMBI ¢ TEHOTUIIOM Arg/Arg coMaTHYecKue
MyTaIllul UMEJIU MeCTo B 20/73 ciayudasax (27.3 %).
B moarpymmax ke Pro/Pro u Arg/Pro — summs B 1/13
(7.7 %) u 4/64 (6.25 %) ciaydaeB COOTBETCTBEHHO.
Taxkum o6pa3oM, MyTallMl 3HAYUMO uaiie oOHapy-
JKHBAJINCh B 00PA3IaX OIMyX0JIEBOM TKAHU OOJIbHBIX
JIBKKJI ¢ roMOBUTOTHBIM reHOTUIIOM Arg/Arg aHa-
JIMBUPYEMOTO MapKepa B CPAaBHEHUU C TETEPO3UTOT-
HBIMH 60IHBIMU (P = 0.002). CTaTuCTHYeCKas 3Ha-
YUMOCTH PA3/INYIHUH 110 YACTOTE COMATUUECKIX MyTa-
nuii rena TP53 wMexnay obpasmamu Arg/Arg u
Arg/Pro + Pro/Pro cocraBmia p < 0.001, a BEPOAT-
HOCTH BBIABJIEHHS MyTanuil B reHe TP53 y HOCUTE-
Jiell reHotumna Arg/Arg Gosiee ueM B 5 pa3 IPEBBI-

(p = 0.002). The statistical significance of differences
in the frequency of somatic mutations in the TP53
gene between the Arg/Arg and Arg/Pro + Pro/Pro
samples was p < 0.001, and the probability of detect-
ing mutations in the TP53 gene in carriers of the
Arg/Arg genotype was more than 5 times higher than
that in carriers of other genotypes (p < 0.001, OR —
5.4 and 95% confidence interval — 1.9; 15.4).

The results obtained in our work are consistent
with the literature data. In the vast majority of previ-
ously studied types of malignant neoplasms, TP53
mutations were associated with the Arg allele. The
p53 protein variant encoded by it is more effective in
triggering programmed cell death than the Pro vari-
ant [18]. The more frequent detection of mutations
in the Arg/Arg rs1042522 genotype, the more this
combination is supposed to benefit cells at the stages
of tumor progression, give a selective advantage, and
increase the risk of malignant transformation of
lymphocytes and development of lymphoma.
Another explanation may be that the p53 homologs,
p73 and p63 proteins rarely undergo mutations in
human malignant neoplasms and can replace its
function in p53-deficient cells, inducing apoptosis
[45]. At the same time, the Arg variant of the mutant
p53 protein is able to form stable complexes with
P73, leading to the loss of the transcriptional activity
of the p73 protein and elimination of its pro-apop-
totic effect [9].

CONCLUSION

The results of our comprehensive analysis indi-
cate that at the time of diagnosis, up to a third of
cases of DLBCL have somatic aberrations of the TP53
gene (LH and/or mutations) in tumor tissue. How-
ever, taking into account the existing limitations of
the work, it should be clarified that the frequency of
their detection may increase with the expansion of
the sample or the use of more sensitive methods for
detecting mutations and allelic imbalance. A possible
direction for further research may also be the analy-
sis of the clinical significance of the combined detec-
tion of the homozygous Arg/Arg genotype G/G of the
analyzed marker, and LH or/and somatic mutations
in the TP53 gene in the tumor tissue of patients with
lymphoma.

Research funding. The work was carried out
within the framework of the budget topic under the
State Assignment No. AAAA-A17-117112850280-2.

Conflict of interest. The authors declare no
conflict of interest.

84

Journal homepage: http://jsms.ngmu.ru



Voropaeva E.N. et al. / Journal of Siberian Medical Sciences Vol. 6, No. 3 (2022)

majga TaKOBYI0 YV HOCUTEJIEH IPYTHX TEeHOTHIIOB
(p < 0.001, OIII - 5.4 1 95% nJIU — 1.9; 15.4).

[ToyueHnHble B HallIeH paboTe Pe3yJIbTaThI COTJIA-
CYIOTCS C JAHHBIMU JINTEPATyphbl. B mopasiisiomnei
YacTU HCCJIEIOBAHHBIX paHee TUIIOB 3JI0KaYeCTBEH-
HBIX HOBOOOpazoBaHui mytaiuu TP53 ObLIN acco-
IHUIPOBAHBI ¢ Arg-ayuteneM. Kogupyemsrii umM Bapu-
aHT Oesnka p53 6osee apdexkTHBEH B HATIPpABIEHUH
3amycka IpOrpaMMUPOBAHHON KJIETOYHOU CMEPTH,
B cpaBHeHuu ¢ Pro-Bapmanrom [18]. Bosee yacroe
oOHapyKeHHe MyTalliii Npu reHoTure Arg/Arg
'S1042522 HABOJIUT HAa MBICJIb O TOM, UTO TAKOE CoUe-
TaHHe BBITOAHO KJIETKAM HAa 3Tamax OIyXOJIEBOH
Iporpeccuy, O0JIafaeT CeJIeKTUBHBIM IIpEMYyIIe-
CTBOM U MOXKET YBEJIMYUTH PUCK 3JI0KAUECTBEHHOM
TpaHchopManuu JTUM@POIUTOB U Pa3BUTUSI JIUM-
¢owmpbl. [Ipyroe o0bsiICHEHNE MOXKET COCTOATH B TOM,
YTO TOMOJIOTUYUHBIE P53 O€JIKU P73 U P63 PEIKO MOI-
BepraroTcs MyTalusaM IPU 3JI0KAaYeCTBEHHBIX HOBO-
00pa3oBaHUAX UeIOBEKA U MOTYT 3aMeIaTh B pP53-
MepUIUTHBIX KJIeTKaX ero (GyHKIHIO, WHAYIUPYS
aronrto3 [45]. IIpu 3ToM Arg-BapuaHT MyTaHTHOTO
Oenka p53 crocobeH 0Opa3oBBIBATH CTAOMJIBHBIE
KOMILIEKCBI C P73, UTO IPUBOAUT K IOTEPE TPAHC-
KPHUIIIIUOHHON aKTUBHOCTH O€JiKa P73 U BBIKJIIOUE-
HHUIO €70 IIPO-aronToTuyeckoro apdexra [9].
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paboThl, CcyIe[IyeT YTOUHUTH, UTO YACTOTA UX BBISAB-
JIEHUsI MOKET BO3PACTH IIPU PACIIHPEHUY BHIOOPKU
6uomaTepuana WiN IPUMeHeHUUu 0oJiee UyBCTBU-
TEJIbHBIX METO/IOB JIeTeKIMH MyTaIluid U ajijiejib-
Horo paucbasanca. Bo3MOXKHBIM HampaBIeHHEM
JAJIbHEHUINNX HCCIENOBAHUN TaKKe MOKET OBITh
aHaJIU3 KJIMHUYECKOH 3HAYMMOCTH COUYETAHHOTO
BBISIBJIEHHS TOMO3UTOTHOTO Arg/Arg renotumna G/G
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