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AHHOTAITUA

WccenenoBanus, HapaBjieHHble HA U3YYeHHE POJIM U3MEHYUBOCTH TeHa TP53 B OIyxoseBoil mporpeccuu uddy3HOM
B-kpynHokIeTouHOH TuMbomsl (JIBKKJI), ABIAI0TCA OMHUMU U3 Haubosiee BOCTPeOOBAHHBIX KaK B 06s1acTu hyHAaMeH-
TaJIbHOM, TaK M MIPUKJIATHON OHKOTEMATOJIOTHH. BMecTe ¢ TeM 10 ITOCIeTHEr0 BpeMeH! 3HaHUs 0 KOHKPETHBIX MeXaHU3-
Max HapyueHus GYHKIUU JAHHOTO reHa U UX KJIuHU4YeckoM 3HaueHUU npu JIBKKJI B 3HAYNTEIFHOH CTEIIEHU HOCHIIH
OTPaHUYEHHBIN XapaKTep.

JlanHas craThs IpUypodeHa K 300-jeTuio Poccuiickoll akafieMUy HayK U ONMCHIBAET OCHOBHBbIe Hay4dHBbIE Pe3yJIbTaThbl
HCCIIeZIOBAHUH MOJIEKYJIIPHO-TEHETHUEeCKUX MEXaHU3MOB U 3HaUeHUA Jieperyasanuu p53 npu JIBKKJL, Ha mpoTsakeHuH
MHOTHUX JIeT IPOBOJIUMBIX COBMeCTHO HOBOCHOUPCKUM TOCYZApCTBEHHBIM MEAUIIMHCKUM YHUBepcuTeTOM M HaydHo-
HCCIeI0BATEIbCKIM HHCTUTYTOM TePAITNH U MPOMUIAKTHIECKOU MEAUITUHBI — GrutrnaaoM VI HCTUTYTa IIUTOJIOTHY U reHe-
Tuku Cubupckoro otaeneHus Poccuiickoll akazieMun HayK.

BrINOTHEHO KOMILJIEKCHOE U3yUeHre H3MeHUYUBOCTU TP53, 00ycI0BIeHHON (PYHKIMOHAIPHO 3HAYUMBIMU IIOJTUMOPQU3-
MaMH ¥ TaIJIOTUITHOH CTPYKTYPOH, COMAaTHYECKUMH MYyTAIMSIMU, METIJIMPOBAHUEM IIPOMOTOPA, & TAKXKe aJIJIEbHBIM
uchaaHCcoOM. YCTaHOBJIEH «/IByXyZapHBIM» MeXaHU3M HapylleHus GYHKIUN JAaHHOTO aHTHOHKOTEeHA IpU HOPMHUPOBa-
Huu JuM@ombl. [TokazaHa cylecTByIOIIas B HACTOsAIIEe BpeMs HeZ0oIeHKa YacToThl abeppanuii B TP53 npu JIBKKJL
BCJIEJICTBYE UTHOPUPOBAHUS CHHOHUMHUYHBIX MyTallMi 1 I3MEeHEHUH B HEKOJUPYIOIINX yJyacTKax reHa. JlokaszaHa riy6o-
Kasg BOBJIEYEHHOCTh 1P53 B IPOLleCChl IIPePACIIOIOKEHHOCTH K Pa3BUTHIO, MHULIMAIU3AIIUY, [IPOTPECCUU U OTBETY
JABKKJI Ha Tepanuio.

ITosyueHHBIe pe3yJIbTaThl II03BOJIAIOT IIPEIIosaraTh, 4To oleHka GpyHKkuuy reia TP53 U IOHUMaHUe KOHKPETHBIX MeXa-
HHU3MOB €T0 MHAKTUBAIINH B KAXK/IOM U3 JUarHocTHpyeMbIX ciaydaes JIBKKJI B ckopoM BpeMeHU MOXKET UMETh IPAMOU
BBIXO/] HA IEPCOHAIM3UPOBAHHBIA O00D TepaIuu.

Karoueewnte caoea: [IBKKJI, ren TP53, MmyTaniuu, METUWINPOBaHUE IPOMOTOPA, ITOTEPS reTepO3UTOTHOCTH, TaIllJIOTUIIBI,
reHeTHYeCKUH MOJIUMOp(U3M, IIPOTHO3.
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ABSTRACT

Researches aimed at studying the role of TP53 gene variability in the tumor progression of diffuse large B-cell lymphoma
(DLBCL) are among the most in-demand in both the fields of fundamental and applied oncohematology. However, until
recently, the knowledge about the specific mechanisms of dysfunction of this gene and their clinical significance in DLBCL
was largely limited.

This article is dedicated to the 300th anniversary of the Russian Academy of Sciences and describes the main scientific
results of research of the molecular genetic mechanisms and the significance of p53 deregulation in DLBCL, conducted
jointly by Novosibirsk State Medical University and the Research Institute of Therapy and Preventive Medicine — the
Branch of the Institute of Cytology and Genetics, Siberian Branch of the Russian Academy of Sciences for many years.

A comprehensive study of TP53 variability due to functionally significant polymorphisms and haplotype structure, somatic
mutations, promoter methylation, as well as allelic imbalance was carried out. A two-hit mechanism for dysfunction of this
anti-oncogene in the formation of lymphoma has been established. The current underestimation of the frequency of aber-
rations in TP53 in DLBCL is shown due to ignoring synonymous mutations and changes in non-coding regions of the gene.
The deep involvement of TP53 in the processes of predisposition to development, initiation, progression and response of
DLBCL to therapy has been proven.

The results obtained suggest that assessment of the function of the TP53 gene and understanding the specific mechanisms
of its inactivation in each of the diagnosed cases of DLBCL may soon have direct access to personalized selection of therapy.
Keywords: DLBCL, TP53 gene, mutations, promoter methylation, loss of heterozygosity, haplotypes, genetic polymor-
phism, prognosis.

Citation example: Pospelova T.I., Voropaeva E.N., Maksimov V.N., Skvortsova N.V., Voevoda M.I. Molecular-
genetic mechanisms and significance of p53 deregulation in diffuse large B-cell lymphoma. Journal of Siberian Medical
Sciences. 2024;8(1):113-127. DOI: 10.31549/2542-1174-2024-8-1-113-127

BBEJAEHUE
Jubdysnaa B-xpynHokiieTouHas JuMdoma
(IBKKJI) mnpencraBiser coOOU TeTepOTEHHYIO

rpynny 3aboJieBaHUH, WMEIOIIUX O0O0Iue 3BeHbs
IaToreHe3a, HO IIPU 3TOM Pa3INYHbIE KJINHUYECKIE
U HMMYHOTUCTOXHMUYECKHE OCOOEHHOCTH, UYyB-
CTBUTEILHOCTD K TEPAITUHU U IIPOTHO3. DTO MIPUBOIUT
K He0OXOIMIMOCTH IIPOTHO3UPOBAHUS TeUeHUs 3260-
JIEBaHUA B KOK/I0M KOHKPETHOM CJIy4dae JUMQOMBI,
KOTOpOe TPY/THO TPEACTaBUTHh 6e3 HaydHO 00OCHO-
BAaHHOTO «IIPEABUIEHUS» PA3BUTHUSA OILyXOJIEBOTO
mmporiecca.

Hoarue gecarunetrus nporuos JIBKKJI ocHOBBI-
BaJICSI HA OIlEHKE KOMILIEKCA CJeAyIoNux (ak-
TOpOB [1]:

e OMOJIOTHYECKHE CBOWHCTBA OIYXOJH (BapuUaHT
OTIyXOJIH, €€ PACIIPOCTPAHEHHOCTD, B TOM YHCJIE CTa-
Ul M KOHKDPETHAas JIOKAJIU3AIlUs 04YaroB Iopaske-

INTRODUCTION

Diffuse large B-cell lymphoma (DLBCL) is a het-
erogeneous group of diseases that have common com-
ponents of pathogenesis, but different clinical and
immunohistochemical features, response to therapy
and prognosis. This leads to the need to predict the
course of the disease in each specific case of [ymphoma
which is difficult to imagine without a scientifically
based “foreseeing” of the tumor development process.

For many decades, the prognosis of DLBCL was
based on assessment of the following factors [1]:

« biological properties of the tumor (lymphoma
subtype, its spread, including stage and specific site
of involvement, duration of the disease before treat-
ment, rate of progression, etc.);

« characteristics of a patient (age, heredity,
somatic comorbidities, socio-economic status,
immunoreactivity, ethnicity);
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HUs, JIUTUTEJIBHOCTD 3a00JIeBaHUS 10 JIEUYEeHUsI, CKO-
POCTh IPOTPECCUPOBAHUS U T.JT.);

e 0COOEHHOCTH OpraHu3Ma O0JIBHOTO (BO3pacr,
HACJIEJICTBEHHOCTh, COIYTCTBYIOIAs COMaTHUYECKast
OTATOILIEHHOCTh, COIMAJIbHO-9KOHOMUYECKHNA CTa-
TyC, UMMYyHOPEAKTHBHOCTb, STHHUYECKAS TIPHHA/I-
JIEZKHOCTD);

e METOABl TEPAMEeBTUYECKOTO BO3/EUCTBUA
(BpIOpaHHasT TporpaMMa Tepamuu, COOJIIO/IeHTe
JIOBUPOBOK U CPOKOB BBeJIEHUS, KOMOMHUPOBAHHbIE
U KOMILJIEKCHBIE METOMbI JIEUEHUsI, UX HEPHOANY-
HOCTb U I10CJIE0BATEILHOCTD).

Crnenyer 3ak/I04YWATh, UTO B CIy4ae OOIIENpH-
3HAHHOTO TOJIX0Zla pedb UJIET O TPYIIIOBOM IIPO-
rHo3e npu JIBKKJIL, T.e. 0 BO3MOXHOCTHU IIPEATIOJIO-
JKUTD UCXOJT 3200J1€BaHUA Y TPYIIITBI O0JIBHBIX, 00be-
JMHEHHBIX 110 COBOKYITHOCTH HECKOJBbKUX MPHU3HA-
KOB. BMmecTe ¢ TeM B Hacrosiiee BpeMsi B OHKOTeMa-
TOJIOTUH B CBSI3U C HAYAJIOM 3PbI TAPTrETHOU TEpaIu
Bce Oosblliee 3HaueHHe mnpuobperaeT HEOOXOAU-
MOCTB pa3pabOTKH METO/I0JIOTHH UH/IUBU/Iy AJIbHOTO
IIPOTHO3WPOBAHUSA, KOTOPOE IIPEJICTABIIsIET COOOU
CpaBHUTEJIBHO HOBOE HAalpaB/IeHHE B METUIINHE U
JIUKTyeT HeoOXOAUMOCTh W3yUeHHUs T'eHETHYECKHX
MPOTPaMM KaK OIyXOJIH, TaK U YeJOBEKa — ee HOCH-
Tejqst. DTO MOXKeT O00eCleunTh MPeACcKa3yeMoCTh
teuenus JIBKKJI u pe3ysibTaToB ee jieueHus [2].

JBKKJI, kak u Jro6asi OIMyXoJib, MPEJICTABJISAET
€000 KOMILIEKCHBIM TATOJIOTHYECKUH MPOIeCC U
WMeEeT CBOUW IPOSIBJIEHUS] HAa MOJIEKYJIIPHOM, KJe-
TOYHOM, TKaHEBOM, OPTaHHOM ¥ OpPTraHHU3MEHHOM
ypoBHsX. [Ipy 5TOM MOBPEXKAEHUS HA MOJIEKYJIAP-
HOM YpOBHe, OeCCIIOPHO, HOCSAT MEPBUYHBIN XapakK-
Tep. I1o 3TOM MpPUYHHE B MOCTETHUE TOABI MOJIEKY-
JISIpHBIE OCHOBBI JTUM(MOMOTeHe3a SIBJISIOTCA Hanbo-
Jlee aKTUBHO DPa3BUBAIOIIEHCS YAaCThIO OHKOJIOTHUH,
OBICTPO BIUTHIBAIOIIEH B c€0s1 HOBbIE METOTUUYECKHIE
noaxonsl B JIHK-muarsocruke.

B o61acTit cOBpeMEHHO OHKOT€MAaTOJIOTHH MHO-
THe roJIbl BBICOKYIO aKTyaJIbHOCTh COXPAHSIOT CIIEY-
ollie HAy4YHbIe HAIIPABJIEHUS:

+ paspaboTka croco0OB OIEHKU T€HETHYECKOU
MIPEJIPACIIONIOKEHHOCTH K OIYyXOJIEBBIM 3a00JieBa-
HUSAM CHCTEMBI KPOBH;

* HCC/IeIOBAaHYE MEXaHU3MOB PETYIAIUU OIyXO-
JIEBOTO POCTA;

* TIOMCK HOBBIX METOZIOB OLIEHKH IIPOrHO3a Teue-
HUSA reM00JIaCTO30B U UX YYBCTBUTEILHOCTH K CTaH-
JIAPTHBIM TEPATIEBTHYECKUM BO3JIEHCTBUSM;

e DKCIIEpUMEHTAJIbHOEe OOOCHOBAHHE HOBBIX
MMaTOT€HEeTUYECKHUX ITOAX0A0B K JIEUEHUIO OHKOreMa-
TOJIOTUYECKHX OOJIbHBIX.

VYauBurenbHbIM o6pazom TeH TP53, SBASO-
IUMCSA «T€eHOM Ha IepeKpecTKe MeXaHU3MOB OHKO-

» methods of therapy (selected therapy program,
adherence to dosages and timing of administration,
combined and integrative treatment, their interval
and order).

It should be concluded that in the case of a con-
ventional approach we are talking about a group-
specific prognosis for DLBCL, i.e. about the possibil-
ity of predicting the outcome of the disease in a group
of patients jointed by a combination of several signs.
At the same time, currently in oncohematology, in
connection with the beginning of the era of targeted
therapy, the need to develop a methodology for indi-
vidual prediction is becoming increasingly important
which is a relatively new direction in the field of med-
icine and necessitates studying the genetic profile of
both the tumor and the person — its carrier. This can
provide predictability of the course of DLBCL and
the results of its treatment [2].

DLBCL, like any tumor, is a complex pathological
process and has its manifestations at the molecular,
cellular, tissue, organ and organism levels. In this
case, abnormalities on the molecular level are
undoubtedly primary. For this reason, in recent
years, the molecular basis of lymphomagenesis has
been the most actively developing part of oncology,
quickly absorbing new approaches in DNA diagnos-
tics.

In the field of modern oncohematology, the fol-
lowing research areas remain highly relevant for
many years:

« development of methods for assessing genetic
predisposition to hematologic neoplasms;

« study of tumor growth regulation mechanisms;

« search for new methods for assessing the prog-
nosis of hemoblastosis and their response to conven-
tional therapies;

 experimental substantiation of new pathoge-
netic approaches to the treatment of oncohemato-
logical patients.

In a sudden way, the TP53 gene, which is a “gene
at the crossroads of oncogenesis mechanisms,” is
interesting as an object of study in patients with
DLBCL in all abovementioned areas. A change in the
function of the p53 protein it encodes is one of the
most universal molecular changes in the cells of vari-
ous neoplasms [3].

There is evidence that the dysfunction of this pro-
tein plays an important role in the generation of
tumors of lymphoid tissue and their further progres-
sion [4]. In B lymphocytes with inactivated p53,
there is an increase in genetic instability which is a
promoter of further tumor progression and the eva-
sion of malignant cells from the immune system, as
well as therapeutic effects.
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reHe3a», HHTEPECEH B KauecTBe 0O'bEKTa UCCIeI0Ba-
HusA y 6ospHBIX JIBKKJI BO Bcex mepedyrcaIeHHBIX
HamnpaBJieHUsX. MI3MeHeHrEe QYyHKITUHU KOJUPYEMOTO
uM 6eska p53 — OAHO U3 Hanubojiee YHUBEPCATHHBIX
MOJIEKYJIPHBIX U3MEHEHUH B KJIETKAX Pa3IMUYHBIX
HOBOOOpa3oBaHui [3].

HMeroTcst cBeIeHUsI O TOM, UTO JUCHYHKITHSA JTaH-
HOTO 0eJTKa UTPAeT BaXKHYIO POJIb B BOBHUKHOBEHUH
omyxoJied JTUM@POUIHON TKAHU U UX JaJbHEUIIer
nporpeccuu [4]. B B-mumdornurax ¢ MHaKTUBUPO-
BaHHBIM P53 OTMeUYaeTCsl HapacTaHKe TeHETHUECKON
HECTaOWIHHOCTH, SIBJISIONIENCS TPOMOTOPOM JajIh-
Helmell OmyX0JieBOM IPOrPecCU M YCKOJIb3aHUA
3JI0KAYECTBEHHBIX KJIETOK OT UMMYHHOU CHCTEMBI, a
TaK>Ke TEPAIEBTUYECKOT0 BO3/IEHCTBUS.

OpHako, yYWUTHIBas TO, UYTO PEe3yJIbTUPYIOIIEe
JIEHCTBHE IAHHOTO reHa BO MHOT'OM 3aBHCHUT OT THUIIA
KJIETKH, B KOTOPOU MPOABJIAETCSA €ro aKTUBHOCTD,
HEBO3MOJKEH MEeXaHWYEeCKUH IepeHoC OOIUX 3Ha-
HUH 00 yuactum TP53 B oHkoreHe3e Ha JIBKKJI.
BoJtee Toro, MHAUBU/Iy JIbHBIN TeHETHYECKUH (DOH U
MHOTHE Jpyrue (HakTOPhl TaKKe MOTYT BJIMATH Ha
(eHOTHII, WHAYIUPOBAHHBIA CIENUDUIESCKUMU
reHernueckuMu abeppanusmu [5]. B koHTekcre
omnucaHHbIX mpobiem usydenue TP53 mpu JIBKKII
3aCIy>KHBaeT 0c0O0r0 BHUMAHUS.

JlaHHadA cTaThd MpUypoUYeHa K 300-jeTuio Poc-
CUMCKOUM aKaZieMUU HAyK U OIUCHIBAET OCHOBHBIE
HayYHBIE Pe3yJIbTaThl UCCIETOBAHUI MOJIEKYIISIPHO-
reHEeTUYECKUX MEXaHU3MOB U 3HAUEHUS JIeperyJis-
nuu p53 npu IBKKJI, Ha npOTAKEHUU MHOTHUX JIET
MIPOBOJMMBIX coBMecTHO HoBocubupcKuM rocyaap-
CTBEHHBIM  MEIUIIMHCKUM  YHHUBEPCUTETOM U
HayuHo-mccneoBaTeTbcKUM HHCTUTYTOM TEPAITUN
U TPOPUIAKTHIECKON MEIUIIUHBI — (QUIAATIOM
OI'BHY «®enepasbHBIA UCCIIEIOBATETBCKUI IEHTP
WVHCTUTYT IUTOJIOTUH U reHeTUKHU CHOUPCKOTO OT/Ie-
JieHusi Poccuiickoi akajieMuu HayK» [6].

HNCXOJHOE COCTOAHUE U3YYAEMOM
ITPOBJIEMBbBI

UccnenoBanusi, HallpaBjieHHble Ha  IOUCK
MOJIEKYJISIPHO-OMOJIOTHYECKMX MEXaHU3MOB y4a-
CTUsI UBMEHUYHUBOCTH reHa TP53 B OIyX0JIEBOU IPO-
rpeccun JIBKKJI, sBisitoress ogHUMU U3 Haubosiee
BOCTPeOOBaHHBIX KaK B 00/1acTH (PyHIaMEHTATHHOM,
TaK W MPUKJIATHON OHKoreMaToJioruu. K mpezcras-
JIAIONIUM  UHTEepeCc MOJIeKYJISIPHO-TeHETUUEeCKUM
COOBITHSIM, BasKHBIM JIJIsI OIIYX0JIEBOTO POCTA U IIPO-
rpeccuu TUMGOMBI, CIeyeT OTHECTU HACJIeTyeMbIe
(mosmmmopdusm) 1 comatudeckue (MyTaIiu) Bapu-
aHTBHI HYKJIEOTHUHOU IIOCJIE0BATETbHOCTH B KO-
PYIOIIUX U PETYJIATOPHBIX 00J1aCTsAX TeHa, JeIelnu
TP53, sIATeHEeTUYECKYI0 MOIYJIALUIO €ro 3KCIIpec-

However, taking into account that the resulting
effect of this gene largely depends on the type of cell
in which its activity is manifested, a mechanical
transfer of general knowledge about the involvement
of TP53 in tumorigenesis to DLBCL is not possible.
Moreover, the individual genetic background and
many other factors can also influence the phenotype
induced by specific genetic aberrations [5]. In the
context of the described problems, the study of TP53
in DLBCL deserves a special attention.

This article is dedicated to the 300th anniversary
of the Russian Academy of Sciences and describes
the main scientific results of studies on molecular
genetic mechanisms, and the significance of p53
deregulation in DLBCL, conducted jointly by Novosi-
birsk State Medical University and the Research
Institute of Therapy and Preventive Medicine — the
Branch of the Institute of Cytology and Genetics,
Siberian Branch of the Russian Academy of Science
for many years [6].

INITTIAL STATE OF THE PROBLEM UNDER
STUDY

Investigations aimed at searching for molecular
and biological mechanisms of the involvement of
TP53 gene variability in the tumor progression of
DLBCL are among the most highly-demanded in
both the field of fundamental and applied oncohe-
matology. Molecular genetic events of interest that
are important for lymphoma growth and progression
include inherited (polymorphism) and somatic
(mutations) variants of the nucleotide sequence in
the coding and regulatory regions of the gene, TP53
deletions, and epigenetic modulation of its expres-
sion [6]. However, until recently, knowledge about
the specific mechanisms of this gene dysfunction,
and their clinical significance in DLBCL was largely
limited (Table 1). There are a number of reasons for
this.

Firstly, in hematological neoplasms, mutations in
TP53, which are the most studied variants of aberra-
tions, are less common than in other neoplasms [7]
which initially led to less attention from researchers
to other aspects of the variability of this gene in
DLBCL.

Secondly, surrogate markers of p53 dysfunction
have proven to be dramatically unreliable and chal-
lenging biomarkers for clinical use [8]. It is known,
for example, that overexpression of the p53 protein
in tumor tissue does not always predict poor survival
of DLBCL patients receiving the modern monoclonal
antibody therapy.

Finally, despite its potential value, the study of
TP53 gene abnormalities is not included in the man-
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Ta6suna 1. BoaMoxxHbIe MOJIEKY/ISIPHbIE MeXaHU3Mbl GOPMHUPOBAHUS HEJJOCTATOYHOCTH GyHKIMH reHa TP53

Table 1. Possible molecular mechanisms of the TP53 gene dysfunction formation

Tun HapymeHus dddexr CtreneHnb usyyeHHoctu npu /IBKKJ/I
Type Effect Level of knowledge on DLBCL
TeHeTHYeCKUH JledruuT GyHKIMU UM CTAGUIBHOCTH GesKa OTCyTCTBUE JAHHBIX O FalJIOTHIIAX
nosMMop¢$usM p53

Genetic polymorphism

Dysfunction and instability of the p53 protein

Lack of data on haplotypes

MyTanuu B KOgUpyoIei
N0CJ/Ie/J0BATEJbHOCTH reHa

Mutations in the coding
sequence of the gene

[ToTepsi OMyX0Jib-CYyNPeCCOPHBIX GYHKIUH,
npuobpeTeHHe MPOOHKOTeHHbIX CBOUCTB,
JOMHHAHTHO-HEraTUBHBIN 3 deKT

Loss of tumor-suppressive properties,
acquisition of pro-oncogenic properties,
dominant-negative effect

B nocsennewt Bepcuu IARC TP53 mutation
database nadopmanuu o poccuiickon
HOIY/ALMH He ITPe/ICTABIEHO

The latest version of the IARC TP53
mutation database does not provide
information on the Russian population

MyTauuu B MHTPOHHBIX
[10CJIe/I0BATENbHOCTSAX F'eHa
Mutations in intronic
sequences of the gene

HapyieHuve anbTepHaTUBHOIO CIIJIaliCUHTA
M-PHK
Alteration of alternative mRNA splicing

HepooneHka U3MeHEHUH B
HEeKOAUPYLIUX yyacTKax TP53
Underestimation of changes in non-coding
regions of TP53

MyTanuu B 5'- u 3'-HTII
re’a

Mutations in the 5" and 3’
UTRs

CHmxeHUe 3G PEKTUBHOCTH TPAHCISALUN
GeJiKa, HapylleHHe MOCTTPAH CIALMOHHbIX
MoAuUKATUH

Reduced efficiency of protein translation,
disturbance of post-translational modifications

HepnooueHka H3MeHEHUH B
HETPaHCJMpPyeMbIX yyacTKax reHa TP53

Underestimation of changes in the UTRs of
the TP53 gene

HOTepH reTepo3uroTHOCTU

Loss of heterozygosity

Bo3HUKHOBeHHMe a/l/1eJIbHOTO AucbaaHca,
deHoTHNINYECKass MaHUeCTALHUS peleCCUBHbIX
MyTalUi reHa

Allelic imbalance, phenotypic manifestation of
recessive gene mutations

[[lupokuii pazdépoC YaCTOThI
BO3HUKHOBEHHUS B 3aBUCHUMOCTH OT
HNONY/ISILLUOHHOMN BBIGOPKU

Wide prevalence depending on population
sample

MeTtusvpoBaHue CHMKEHUE IKCIIPECCUH, BILIOTD /10 AcrieKT NpaKTUYeCKH He OCBelleH B

IPOMOTOPA «BBIKJIIOYEHUS» reHa JInTepaTtype

Promoter methylation Reduced expression, up to gene silencing This aspect is practically not covered in the
literature

[Mpumeuanue. IBKKJ-auddysnasB-kpynnoknerounas iumépoma; IARC - International Agency for Research on Cancer (MexayHapogHoe
areHTCTBO No u3y4yeHuto paka); HTII - HeTpaHciupyeMble nociaeoBaTebHoCcTH; M-PHK - maTpuyHas PHK.

Note. DLBCL - diffuse large B-cell lymphoma; IARC - International Agency for Research on Cancer; UTRs - untranslated regions; mRNA -

messenger RNA.

cuu [6]. Bmecre ¢ TeM /10 IOCTIeTHETO BPEMEHU 3HA-
HUS O KOHKPETHBIX MeXaHU3Max HapylleHus GyHK-
OUH JTAHHOTO TeHAa W UX KJIMHUYECKOM 3HAYeHUH
npu IBKKJI B 3HAUUTEIHPHON CTENIEHN HOCUJIU OTPa-
HUYEHHBIH xapakrep (Tabs. 1). [y aToro mmeeTcs
PAR IPUYNH.

Bo-1miepBbIX, IPU OIMyXOJIAX CUCTEMBI KDOBU MyTa-
uuu B TP53, KOTOpBIE ABJISIOTCS Hanbojiee u3yueH-
HBIMHU BapHaHTaMu abepparuii, BCTPEUaIOTCs PEXKe,
yeM TIIpU JPYTUX HOBooOpazoBaHMAX [7], UTO
HCXO/THO 00YCJIOBUJIO MeHbIIIee BHUMAHUE HCCIIEN0-
Bareyled K APYTHM acleKTaM W3MEHUYHUBOCTH JaH-
Horo reHa npu JIBKKJI.

Bo-BTOpBIX, CyppoTraTHbIe MapKepbl HAPYyIIEeHUS
(yHKIIUU P53, C TOUKY 3pEHUS KIMHUYECKOTO IPU-
MeHeHUs, OKa3aJiCh UYPEe3BbIUaiHO HeHA/IeKHBIMU
U CJIOKHBIMU 6roMapkepamu [8]. MI3BecTHO, HAIPU-
Mep, 4TO U30BITOYHAS DKCIPeccus OeKa p53 B OIy-
X0JIEBOM TKAaHU He BCer7/ia NpeZiCKa3bIBaeT yXy/Allle-
HUe BbDKHBaeMocTu manueHToB ¢ JIBKKJI B ycio-
BHSIX COBDEMEHHOU Tepamnuy 3a001eBaHUsI ¢ IPHMe-
HeHHEeM MOHOKJIOHAJIBHBIX aHTUTEJL.

datory range of examinations for lymphomas, which
significantly slows down the process of accumulating
knowledge on the problem.

In this regard, the aim of our research was, based
on a comprehensive study of the variability of the
TP53 gene, caused by functionally significant poly-
morphisms and haplotype structure, somatic muta-
tions, promoter methylation, as well as allelic imbal-
ance, to describe the possible mechanisms of forma-
tion of p53 dysfunction in DLBCL, and to evaluate
their contribution to lymphoma progression.

GENETIC POLYMORPHISM AND
HAPLOTYPE GENE STRUCTURE

We have performed genotyping of functionally
significant markers of the TP53 gene — rs1042522,
rs17878362 and rs1625895 — using PCR-RFLP (poly-
merase chain reaction — restriction fragment length
polymorphism) in healthy tissue (peripheral blood)
of patients with DLBCL and controls, the third gen-
eration of ethnic Russsians. During the investiga-
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Haxkonern, HecMOTpsI Ha TMOTEHIHATBHYIO I[€H-
HOCTb, U3yueHne aHoMaIui reHa TP53 He BXOJUT B
00sI3aTeJIbHBIA CIIEKTp 00caemoBaHus pu JTUMQO-
Max, UYTO 3HAYUTEJIHHO 3aMeJJISIeT IPOIeCC HAKO-
IUIEHUs 00'beMa 3HAaHUH T10 ITpobieMe.

B cBA3M C 3THUM IeJIbI0 HAINIUX HCCIIEOBAHUN
OBLIO HA OCHOBE KOMIIEKCHOTO M3YUEH T U3MEHTH-
BocTu reHa TP53, 00ycJIOBJIEHHON (QYHKIMOHATHLHO
3HAYUMBIMHU TOJUMOP(PUIMAMH U TaIIOTHITHOM
CTPYKTYPOU, COMAaTHIECKUMHU MYTAI[USIMU, METIIH-
pOBaHHEM IIPOMOTOPA, a TAK)Ke aJUIEIBHBIM Aucha-
JIAHCOM, OIHMCATh BO3MOXKHbIE MEXaHU3Mbl (POPMU-
poBanusa aebunura dbysknuu p53 npu ABKKII u
OIIEHUTH UX BKJIAJ] B OILYXOJIEBYIO IIPOTPECCUIO 3260-
JIeBaHUs.

TEHETUYECKUH ITOJINMOP®U3M U T'A-
INIOTUITHAA CTPYKTYPA TEHA

Hamu BBITIOJTHAIOCH T€HOTHUIIUPOBaHUE (YHK-
OMOHAJIBHO-3HAUYNMBIX MapKepoB TeHa 1P53 —
rs1042522, rs17878362 u rs1625895 — MeTOAOM
IIIP-II/IP® (monumepasHas ILiemHAs peakius —
noauMopdusM JJIMH PECTPUKIIMOHHBIX (parMen-
TOB) B 3JI0POBOU TKaHW (rmepudepuyeckoi KpoBH)
nanueHToB ¢ JIBKKJI u siui; KOHTPOJIbHOH BBIOOPKH,
HUMEIOIIUX PYCCKYI0 HAIMOHAJIBHOCTh B TPEX IOKO-
JeHuAx. B xoze uccyenoBanus JaHHBIX 00 accorya-
MU OT/EJIbHBIX H3y4aeMbIX MOJUMOPDU3IMOB C
IIpeZpacIiooKeHHOCThI0 K pasButuio  JIBKKJI
IoJIyueHo He 6b110 [9].

B cBA3HM c TeM, UTO HMpeApPaCHOIOKEHHOCTh WIN
YCTOMYMBOCTD K OOJIE3HH MOMKET OIPEAEIAThCS
coueTaHWeM OOJIBIIIOTO YHCIa MabiX 3¢GQEKTOB
[10], u aHanmu3 HepaBHOBeCHUS II0 CIEIIEHUIO
(linkage disequilibrium — LD) B reHOMe B KOHKpET-
HBIX HOMYJIANUAX ABJAeTcA 6osee MPOAYKTHBHBIM
MIOAXO/IOM, IIO3BOJIAIOIIUM  WAEHTUDUIUPOBATH
reHeTuyeckue (PyHKIMOHAJIbHbIE BAPUAHTHI, JiexKa-
1[Me B OCHOBeE IIPeJpacIioyIo;KeHHOCTH K MHOTO(aK-
TOPHBIM 3a00JIeBaHUAM, ObLIO OIleHeHO LD Mexay
rs1042522, rs1625895 u rs17878362.

ITosyueHHBIe JaHHbIE CBUJIETEIBCTBOBAJIH, YTO
CHJIa HEPABHOBECHS T10 CIEIJIEHUIO OblyIa yMepeH-
HOU Mexay rs17878362 H rs1042522, a Takke
rs1625895 u rs17878362, a mexzay rsi625895 u
rs1042522 — HEpaBHOBECHUE I10 CIETJIEHUIO BhIpa-
s)kerHoe. [Ipu 3Tom LD B rpynme 6ospHbIX JIBKKJI
3HAUYMMO BBIIIIE, UEM B TPYIIIE KOHTPOJIA (puc. 1).
IlocsieqHee CBUAETENBCTBYET O TOM, UTO Te€H-
KaHJU/IAT MOXKeT UrpaTh OIpesieJIeHHYI0 POJIb B
¢popmupoBanuu IIpeipacloI0XKeHHOCTH K
6osie3uu [11].

B xozme nmasipbHEHINEro rarIOTHINPOBAHUS TeHA
TP53 ObUIH OIIpeNieJIeHbl  CIeIUIEHHbBIE aJUIed

tion, no data were obtained on the association of
individual polymorphisms studied with predisposi-
tion to DLBCL [9].

Due to the fact that susceptibility or resistance to
a disease can be determined by a combination of a
large number of small effects [10], the analysis of
linkage disequilibrium (LD) in a genome in specific
populations is a more productive approach that
allows us to identify genetic functional variants
underlying the predisposition to multifactorial dis-
eases, the LD between rs1042522, rs1625895 and
rs17878362 was assessed.

The data obtained indicated that the linkage
disequilibrium was moderate between rs17878362
and rs1042522, as well as rs1625895 and
rs17878362, and between rs1625895 and
rs1042522 the linkage disequilibrium was pro-
nounced. Moreover, LD in the group of patients
with DLBCL is significantly higher than in the con-
trol group (Fig. 1). The latter suggests that the can-
didate gene may play a role in the formation of
susceptibility to the disease [11].

During further haplotyping of the TP53 gene,
linked 1s17878362-rs1042522-1s1625895  alleles
within the same chromosome were identified. An
analysis of haplotype sequences makes it possible to
evaluate at a deeper level the functional interaction
of polymorphic loci (by additive, potentiating, antag-
onistic type) and their resulting impact on the bio-
logical functions of the protein. Significant differ-
ences in the frequency of three haplotypes were
obtained: an increase in the frequency of the wArgG
haplotype (p = 0.025), as well as a decrease in the
frequency of the wProG (p = 0.025) and dupProG
(p = 0.041) haplotypes in the group of patients with
DLBCL in comparison with the controls. Moreover,
for the wArgG haplotype, an association with the risk
of DLBCL was noted only in the homozygous state, in
contrast to the wProG or dupProG haplotypes, which
have a protective effect in combination with any
other haplotypes in the diplotype. Previously, other
authors have also shown the difference in the effects
of the triple TP53 haplotype depending on the homo-
zygous or heterozygous state [12].

Thus, the inherited genetic polymorphism of
TP53 may be the basis of predisposition to DLBCL,
but more severe aberrations in this gene, arising in B
lymphocytes de novo, directly contribute to tumor
initiation and progression.

MUTATIONS IN THE CODING AND
INTRONIC SEQUENCES OF THE GENE

We analyzed the sequence of exons and adjacent
intronic regions of the TP53 gene in DNA samples
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Puc. 1. /luarpaMmbl aHain3a HEPaBHOBECHUS T10 CIEIIJIEHUI0 MeXy Is1042522, 151625895 u rs17878362
B rpyite naruenTos ¢ JIBKKJT (A) u koHTposbHOM BhIGOpKe (B) (SNP3 — rs17878362, SNP4 — rs1042522, SNP6 —
rs1625895; mudpoBbie 0003HAUEHUS B OJIOKAX OTPAXKAIOT IIOKa3aTesb D’ — BEpOSITHOCTH KPOCCUHTOBEPA
MeXK/Iy aHAIM3UPYEMBIMU JIOKYCAMH: YeM TeMHee IBeT 0JI0Ka, TEM BBIIIIE CTEIIEHh HEPABHOBECHUS TI0 CIIETUIEHHIO)
Fig. 1. Diagrams of linkage disequilibrium analysis between rs1042522, rs1625895 and rs17878362 in the group
of patients with DLBCL (A) and the controls (B) (SNP3 — rs17878362, SNP4 — rs1042522, SNP6 — rs1625895; digits
in the blocks reflect the D’ indicator — probability of crossing-over between analyzed loci: the darker the color
of the block, the higher the degree of linkage disequilibrium)

r517878362-r51042522-151625895 B mpenesnax
OJTHOM XpOMOCOMBI. AHAJIM3 TaIJIOTHITHBIX TTOCJIEJI0-
BaTEJILHOCTEHN JlaeT BO3MOXKHOCTh Ha Oosiee Turybo-
KOM YPOBHE OILIeHUTH (PyHKITMOHAIFHOE B3aNMO/IeH-
CTBUE TMOJUMOPGHBIX JIOKYCOB (IO aJINTHBHOMY,
MMOTEHIIUPYIOIIEMY, QHTATOHUCTUYECKOMY THITYy) H
WX PEe3YyJbTUPYIOIIEE BIUSHUE Ha OHOJIOTHUYECKHE
dyHrnuu 6eka. ITosydeHbl 3HAUNMBbIE PA3JIUUHS B
YacTOTE TPeX TaIJIOTHIIOB: IIOBBIIIEHHE YaCTOTHI
ramwnoruna wArgG (p = 0.025), a TakKe CHIKeHHE
yacTor ramiotuioB wProG (p = 0.025) u dupProG
(p = 0.041) B rpynme 6ospHBIX [IBKKJI B cpaBHeHUU
¢ KOHTPOJIbHOI BBIOOpPKOH. Ilpu 3TOM A1 rarnio-
Tina wArgG oTMeueHa accomuanus ¢ PUCKOM pas-
ButusA JIBKKJI TOJTbKO B TOMO3UTOTHOM COCTOSTHUH,
B OoTIMYKe OT ramioTumnoB wProG mau dupProG,
UMEIOIINX IPOTEKTUBHBINA 3(PGdEKT B coueTaHuu c
JTIIOOBIMU APYTHMH TaIIOTUIIAMH B COCTaBE JIUILIIO-
THIa. PaHee ApyruMu aBTOpaMu TakKe OTMeYasioch
pasyimune B 3 deKTax u3y4yaeMoro TPOMHOTO rario-
Tumia TP53 B 3aBUCUMOCTU OT TOMO3UTOTHOT'O WU
reTepPO3UTOTHOTO COCTOSTHUA [12].

Takum o6pa3oM, HaCIeIyeMbIl T€HETHYECKUU
nosuMopdusm TP53 MOMKET SBJIATHCA OCHOBOU
npeapacnosio’keHHocTu K pasButuio JIBKKJI, HO
6osiee rpyObie abeppalliu B TaHHOM T'e€HE, BO3ZHH-
kKapmue B B-mumbonurax de novo, Hemocpen-
CTBEHHO CHOCOOCTBYIOT HHUITUAIIMU U ITPOTPECCUH
OITyXOJIH.

from tumor tissue of patients with DLBCL [13]. We
used the TARC (International Agency for Research
on Cancer) protocol for direct Sanger’s sequencing,
which was developed for the TP53 gene by IARC spe-
cialists and is used by most researchers around the
world.

Almost a quarter (24.3%) of DLBCL patients
had aberrations in the coding sequences of the
gene, which is consistent with literature data [14,
15]. The distribution of mutation types was as fol-
lows: 3% — mutations leading to alteration of RNA
splicing; 33% — intronic mutations with an
unknown effect; 37% — missense mutations; 6% —
nonsense mutations and 3% — mutations leading
to the reading-frame shift in the TP53 gene. Also
noteworthy was the verification of a large percent-
age of synonymous substitutions (18%). In the
sample studied, cases of multiple mutations in the
gene were also identified (6.8%).

All mutations identified in the TP53 coding
sequence were located in highly conserved regions
of the DNA-binding domain (exons 5—8) and led
to transcript-dependent dysfunctions of p53
(Fig. 2).

We compared the spectrum of mutations identi-
fied in the study group with the data presented in the
IARC TP53 mutation database [16]. The IARC TP53
mutation database was developed in 1990 and is still
the most reliable database of somatic and germline
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MYTAIIMHU B KOJAUPYIOIIIEN YACTHU
N MHTPOHHBIX ITOCJIEAOBATEJIbBHO-
CTAX TEHA

Hamwu mpoBoiniIcs: aHaIN3 TIOC/IEA0BATETLHOCTH
5K30HOB U ITPUMBIKAIOIUX Y4ACTKOB UHTPOHOB T'eHa
TP53 B obpasnax JJHK u3 omyxoseBoil TKaHU 60JIb-
weix JIBKKJI [13]. B xauecTBe MeToma MCIIOIB30-
Basicsi IARC (International Agency for Research on
Cancer) protocol 71 IpsIMOTO CEKBEHUPOBAHUS I10
Cenrepy, KOTOpbIH ObLT paspaboraH st reHa TP53
cuneruayncramu IARC u ucmosnbs3yercs GOJIBIIINH-
CTBOM HCCJIEIOBATENIEN IO BCEMY MUDY.

[IpakTuyecku YeTBepPTh (24.3 %) OOJBHBIX
JBKKJI numenu abeppanuu B KOAUPYIOIIUX ITOCTIE-
JIOBAaTEJIbHOCTAX TeHa, YTO COIJIacyeTcsd C JaH-
HBIMH JINTEPATYPHI [14, 15]. Pacmipesenenne TUIIOB
MyTanui ObLIO caeayomee: 3 % — MyTalluu, IpH-
BOJAINME K HapYIIEHUIO CIJIAHCHHTA MOJIEKYJIbI
PHK; 33 % — UHTpOHHBIe MyTaluu C HEU3BECT-
HBIM 3¢ dekToMm; 37 % — MyTalluu MUCCEHC THUIIA,
6 % — mMyTanuu HOHCEeHC TUIla U 3 % — MyTaluy,
MPUBOSAIINE K CABUTY PAMKH CUUTHIBAHUS B TeHE
TP53. Taxxke obpamasna Ha ce6s1 BHUMAaHUE BEPHU-
(ukanmsa OOJBIIOTO HPOIEHTA CHUHOHUMHUUHBIX
3ameH (18 %). B obGciemyemoii BbIOOpKe OBLIN
BBISIBJIEHBI TAKXKE CJIy4aud MHOKECTBEHHBIX MyTa-
nuii B rere (6.8 %).

Bce BbIsBIEHHBIE B KOAUPYIOIIEH IOCIEA0BA-
TesbHOCTH TP53 MyTanmuu ObLIM PAacIOJIOKEHBI B
BBICOKOKOHCepBAaTUBHBIX yuacTkax [[HK-cBsa3biBato-
mero JoMeHa (PK30HBI 5—8) M ¢ BBICOKOU J0JIeH
BEPOSITHOCTH TPUBOAWINA K HapPYIIEHUIO TPaHCK-
PUIIINOHHO-3aBUCUMBIX (PYHKIUH P53 (puc. 2).

HamMu BBINMOJIHEHO CpaBHEHUE CIEKTPA BBISB-
JIEHHBIX B TPYIIIE HCCIEA0BAHUS MYTaIlUH C JTaH-
HbIMHU, TpefictaBaeHHbIMU B JARC TP53 mutation
database [16]. Pecypc IARC TP53 mutation database
OBLT CO3/IaH B 1990 T. U JI0 HACTOAIIETO BPEMEHU
SIBJISIETCA CaMOM aBTOPUTETHOU 06a30l comaTuue-
CKHUX MyTallUd U MyTaIllMil 3apOJABIIIEBOA JIMHUU
reHa TP53. udopManuu 0 pPOCCHUCKOU MOITyJs-
nuu B Tekymeid Bepcuu IARC TP53 mutation
database He mpezcTaBIEHO.

YcTaHOBJIEHO, UTO CIEKTP BBISABJIEHHBIX OJ[HO-
HYKJIEOTUJHBIX 3aMeH B reHe 1P53 B Tpynmne
o0cye/loBaHUs B I[€JIOM COOTBETCTBOBAJI JIAHHBIM,
npencrasiedubiM B IARC TP53 mutation database
npu JIBKKJI. Bmecre ¢ TeM HabJ0/1aJ10Ch pas3Jiin-
yue B JIOKAIHB3AIUU «TOPAUYUX TOUEK» MYyTaIlHi.
Corsacio IARC TP53 mutation database «rops-
yuMu Toukamu» B reHe TP53 nipu JIBKKJI aBnsa-
I0TCS KOJIOHBI 248, 273, 175, 245, 281, 244, 305,
249 u 297 (B mOpsi/iIKe YOBIBAHUS YaCTOTHI MyTa-

mutations of the TP53 gene. Information about the
Russian population is not provided in the current
version of the IARC TP53 mutation database.

It was found that the spectrum of identified sin-
gle-nucleotide substitutions in the TP53 gene in
the study group generally corresponded to the data
presented in the IARC TP53 mutation database for
DLBCL. At the same time, we observed differences
in the localization of mutation hotspots. According
to the IARC TP53 mutation database, in DLBCL,
the TP53 gene hotspots are 248, 273, 175, 245, 281,
244, 305, 249 and 297 codons (in descending order
of mutation frequency). In the examined sample of
patients from this list, only mutation in 244
(p.G244S) codon was identified. At the same time,
other mutations in the coding sequence were
repeatedly encountered: p.Wi146R, p.T155],
p-V272E, p.R213X [17].

Thus, it has been shown that the frequency and
spectrum of mutations in the TP53 gene for the same
type of oncopathology can also vary significantly
depending on the sample studied; using DLBCL as
an example, a unique feature of the TP53 gene com-
pared to other tumor suppressor genes was con-
firmed — its predominant inactivation as a result of
missense substitutions rather than nonsense muta-
tions [6].

BLOCKING THE POLYADENYLATION
SIGNAL OF THE GENE

One of the variants of the nucleotide sequence of
the 3’ non-coding region of TP53 (rs78378222)
leads to blocking the polyadenylation signal and
alteration of the 3’ end processing of gene’s m-RNA.
Experimental data show that the rare rs78378222
allele, in comparison with the common allele, pro-
vides a significantly lower level of TP53 expression
and leads to a decrease in the level of apoptosis
induction in cells under the influence of genotoxic
factors [18].

The genotyping we performed showed that the
frequency of rs78378222 in tumor tissue samples
from patients with DLBCL is 9.8%, while 4.3%
had a heterozygous genotype, and 5.5% — a homo-
zygous minor genotype. Since there were no cases
of detection of the minor homozygous rs78378222
genotype in the blood of patients with DLBCL,
the results obtained indicate a loss of heterozy-
gosity at this locus in the tumor tissue in some
patients.

Thus, rs78378222 represents a unique allelic
variant of TP53 with an unequivocal reduction in
p53 function. It is logical to assume that in het-
erozygous carriers of the marker, the loss of a
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Puc. 2. Pacupe/iesienue MyTaliuii B MHTPOHHBIX U KOAUPYIOIIMX yJacTKax rena TP53: TOpU30HTAIbHBIE PAMKH
COOTBETCTBYIOT SK30HAM; YEPHBIE CTOJIONKY — MUCCEHC, HOHCEHC MYyTAI[IH U MyTallUU, IPUBO/IAIINE K CIBUTY PAMKHU
CUUTBHIBAHUS; CEPBIE CTOJIOUKH — CEIMCEHC MYTAI[iH; B BEPTUKAIBHBIX pAMKaX — HHTPOHHbBIE MyTAI[UH
Fig. 2. Distribution of mutations in intronic and coding regions of the TP53 gene: horizontal frames correspond to exons;
black bars — missense, nonsense mutations, and mutations leading to reading-frame shift; gray bars — same-sens
mutations; in vertical frames — intronic mutations

nuit). B o6cieoBaHHON BBIOOPKE MAIEHTOB K3
JITAHHOTO TIepeYHsI BBISIBJIEHA JIMIb MYTallus B
komoHne 244 (p.G244S). Bmecre ¢ TeM HeOAHO-
KpPaTHO BCTPEYAJIUCH IPYTHUE MyTaIlMU B KOJUPYIO-
mei mocienoBaTenpbHOCTH — P.W146R, p.T1551,
p-V272E, p.R213X [17].

Takum 06pa3om, ITOKa3aHO, UTO YACTOTA U CIIEKTP
MyTanuii B reHe TP53 pu OJHOM U TOM JK€ THIIE
OHKOJIOTUYECKOU TATOJIOTUHM TaKKe MOTYT 3HAYH-
TEJIbHO MEHATHCS B 3aBUCHUMOCTH OT HCCJIEAyeMOu
BbIOOpKY; Ha mpuMepe IBKKJI noaTBep:xaeHa yHU-
KaJIbHasg 0COOEHHOCTh TeHa TP53 10 CpaBHEHHUIO C
JIDYTHMH T€HaMHU-OHKOCYIIPECCOPaMU — IIPEUMYyIIe-
CTBEHHAs MHAKTHUBAIUSA €r0 B Pe3yJIbTaTe MUCCEHC-
3aMeH, a He HOHCEeHC-MyTaIuii [6].

PASPYIIIEHUE CUTHAJIA ITOJIMATEHU -
JINPOBAHUNA I'EHA

OAvH U3 BapUaHTOB HYKJIEOTHIHOU MOCJIE0Ba-
TeJbHOCTU  3’-Hekopupylomedn  yactu  TP53
(rs78378222) mpuBOAUT K pPa3pyLIEHUIO CHUTHAJIA
TI0JINAJIEeHWJINPOBAHUA U HAPYIIEHUIO MPOIleCCUHTa
3’-konra marpuunoii PHK rena. 9kcnepuMeHTab-
HbIe JIAaHHbIE ITOKA3BIBAIOT, YTO PEJIKUH aJIesTh
rs78378222, B CpaBHEHUH C YaCTBIM aJljIesieM, o0e-
CIIEUMBAET 3HAYUTESIbHO MEHBIINH YPOBEHb BKC-
npeccud TP53 U NPUBOJUT K CHUKEHHUIO YPOBHSA
WHAYKIIAA allolTo3a B KJIETKax IO/ JIEHCTBHEM
TeHOTOKCHYeCKuX hakTopos [18].

BrITlosTHEHHOE HaMU TEHOTHUIMPOBAHHE IIOKa-
3aJ10, UTO YacToTa rs78378222 B 06pasiax omyxose-

common allele will contribute to a significant
increase in the malignant potential of DLBCL
cells.

GENE PROMOTER METHYLATION

An interesting fact is that the TP53 gene is one of
the few antioncogenes that does not contain classical
CpG islands in the promoter region. Instead of these
islands, the proximal promoter in exon 1 of the gene
contains only a few CpG dinucleotides. Studies in
vitro have shown that their methylation leads to a
decrease in p53 expression.

We detected methylation of the TP53 gene in the
sample of patients with DLBCL examined using
methylation-specific PCR. The frequency of meth-
ylation was only 5.8% and did not differ signifi-
cantly in the subgroups with mutant and normal
gene structure, which may indicate a minor role of
this mechanism in the inactivation of TP53 in
DLBCL [9].

LOSS OF HETEROZYGOSITY IN THE GENE

A conventional microsatellite analysis using PCR
analysis was used as a method for diagnosing of loss
of heterozygosity (LOH) in the TP53 gene. Microsat-
ellites are di-, tri- and tetranucleotide sequences
multiply repeated throughout the genome [19]. Mic-
rosatellite instability is the appearance in tumor cells
of additional aberrant microsatellite alleles that dif-
fer in length from the alleles in normal tissues of the
same patient.
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Bou TkaHH 00bHBIX JIBKKJI cocrasisiet 9.8 %, npu
9TOM TeTEPO3UTOTHBIA TEHOTHIl uMenu 4.3 %, a
TOMOBUTOTHBIN MUHOPHBIN — 5.5 % 00CJIeZJOBaHHBIX.
ITockoJIbKy ctydau 0OHapyKEeHU MUHOPHOTO TOMO-
3UTOTHOTO TeHOTHIIA IS78378222 B KpOBU OOJIBHBIX
JBKKJI BbIsIBIIEHO He OBLIO, MOJyYeHHbIE PEe3yJib-
TaThl CBU/IETEILCTBYIOT O IIOTEPE T€TEPO3UTOTHOCTH
B JIAHHOM JIOKyCE B OIIyXOJIEBOH TKAaHU y YaCTH
0OJIHHBIX.

Taxum oOpaszom, rs78378222 mpejacTaBseT
co00W YHUKAJbHBIN asliebHbI BapuaHT TP53
C HeJBYCMBICJIEHHBIM CHIKeHUEM (YHKIIUH
p53. JIOTUYHO MPENOJIOKUTD, UTO Y TeTEPO3H-
TOTHBIX HOCHUTEJIE MapKepa IOTeps YacTOro
anmenss Oyaer crmocoOCTBOBATh 3HAUMTETHHOMY
MIPUPOCTY B3JIOKAYECTBEHHOI'0 IOTEHI[Haa KJie-
Tok JIBKKJI.

METWJINPOBAHUE ITPOMOTOPA I'EHA

HNurepeced ToT dakT, uTo reH TP53 sIBIAETCSA
OTHUM W3 HEMHOTHUX aHTHOHKOTE€HOB, KOTOPBIN HeE
coziepkuT kiaccudeckux CpG-oCTpOBKOB B IIPOMO-
TOPHOM permoHe. BmecTo HHUX IPOKCUMaJIbHBIN
IIPOMOTOP B 9K30HE 1 TeHa COJIEPKUT JIUIIb
HeckosbKo CpG-IuHyKIIeOTHA0B. McceioBanus in
Vitro ToKa3aJjiu, 4YTO UX METHINPOBAHHUE IIPUBOIUT K
CHIKEHUIO DKCIIPeCCuu p53.

BoigBienue wmetunaupoBaHusa TreHa 1P53 B
obciemoBanHON BBIOOpKEe marueHTOB ¢ JIBKKJI
HaMU IIPOBOJIMJIOCH METOZIOM METHJI-CIIerudu-
yeckou [IIP. YacToTa MeTH/IUPOBAHUS COCTABUIIA
Bcero 5.8 % u 3HAUUMO He pas3jaudajach B MOJ-
rpynIax ¢ MyTaHTHOU U HOPMAaJIbHOU CTPYKTYpPOH
reHa, 4YTO MOMKET CBHJIETEJIHCTBOBATH O MAaJIOH
PO JAHHOTO MeXaHU3Ma B WHakTupBanuu 1TP53
npu JIBKKJI [9].

IIOTEPA TETEPO3UT'OTHOCTHU B I'EHE

B kauecTBe MeTO/1a JUATHOCTHKH ITIOTEPU T€TEPO-
surotHoctu (IIT) B rene TP53 npuMeHsICA TPaau-
IIMOHHBI MHKPOCATEJUIUTHBIA aHAIU3 METOJ0OM
TIITP. MukpocaTesIUThl — 3TO MHOTOKPATHO IIOBTO-
psIoIIKecs U-, TPU- U TETPAHYKJIEOTH/IHBIE ITOCTIe-
JIOBATEJIbHOCTH, Pa30pOCAaHHBIE IO BCEMY TE€HOMY
[19]. MukpocaTenuTHas HECTAOUIBHOCTh — TOSIB-
JIEHWE B OIIyXOJIEBBIX KJIETKAX JIOMOJTHUTEIHHBIX
abeppaHTHBIX aylyIeJledl MUKPOCATE/UTUTOB, KOTOPbIE
OTJIMYAIOTCA TIO JTUHE OT aJUlejied B HOPMAasTbHBIX
TKaHX TOTO ke O0JIbHOTO.

Hawmwu ananusupoBasics mapkep D175796, pacno-
JIO3KEeHHBIU BON3U TP53 1 NPeJICTaBIAININN cOO0U
nuHykaeoTuaHbIH MoTuB (CAx23). YacroTa retepo-
3urotHocty mo D17S796 pocruraer 6osee 80 %, uto
JleJIaeT ero yA00HBIM U MTUPOKO HUCIIOIb3YEMbIM JIJIS

We analyzed the D17S796 marker, located near
TP53 and representing a dinucleotide motif
(CAx23). The frequency of heterozygosity for
D17S796 reaches more than 80%, which makes it
convenient and widely used for searching LOH in
the TP53 gene. Let us recall that when analyzing
the rs78378222 marker, LOH was also identified.
Taking into account both markers, the cumulative
LOH rate in the TP53 gene in the study sample was
13.5% [9, 18].

All cases of LOH were combined either with
somatic mutations in the coding sequence occurring
in the tumor tissue or with the heterozygous/homo-
zygous minor rs78378222 genotype. In the only case
of LOH in a DLBCL patient without these changes,
gene promoter methylation occurred.

The biological meaning of this phenomenon
should be interpreted in the context of the Knud-
son model of carcinogenesis [9]. TP53 dysfunction
in DLBCL can be formed not only according to the
classical two-hit mechanism when tumor develop-
ment requires sequential changes in two anti-
oncogene’s alleles: one in the germline, and the
second — due to somatic aberrations, but also
according to a similar two-hit mechanism with
knockdown of two antioncogene’s alleles due to
sequential somatic aberrations (mutations, pro-
moter methylation or LOH in various combina-
tions) (Fig. 3).

CLINICAL SIGNIFICANCE OF TP53
DYSFUNCTION

The study showed an association of the analyzed
functionally significant markers of the TP53 gene
with greater severity of tumor intoxication symp-
toms and paraclinical activity of DLBCL, as well as a
greater tumor volume and spread at the time of the
disease diagnosis [6]. A correlation analysis indi-
cates the presence of a positive correlation between
the frequent homozygous G/G rs1625895 and Arg/
Arg rs1042522 genotypes and an unfavorable prog-
nosis according to the international prognostic index
(r = 0.216, p = 0.001 and r = 0.216, p = 0.006,
respectively). Moreover, in patients who are carriers
of the wArgG haplotype in the homozygous state
(wArgG/wArgG diplotype), compared with other
patients, the risk of non-responding to therapy was
4.6 times higher, the risk of not surviving to a 5-year
time point was 4.9 times higher (p = 0.037 ), includ-
ing progression and relapse free — 5.5 times
(p = 0.082).
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noucka III" B rene TP53. HanomHuM, 4TO IIpU aHa-
Jm3e Mapkepa rs78378222 Takike ObLTH BBISBJIEHBI
IIT'. CymMapHO ¢ yueToM 000MX MapKepOB 4acTOTa
1T B rene TP53 B KicCIIelyeMOU BRIOOPKE COCTaBHIIA
13.5 % [9, 18].

Bce cayuau IIT' coueranuch aubo ¢ comaTude-
CKUMH MYTAIlUAMH B KOJHUPYIOIIEH IOCIeq0Ba-
TEJIPHOCTH, BOBHUKAIOIIMMH B OIIyXOJIEBOUM TKAHH,
1100 ¢ TeTepO3UTrOTHBIM/TOMO3UTOTHBIM MHHOP-
HBIM TeHOTHIOM rs78378222. B eaumHCTBEHHOM
cayuaae IIT''y 6ospHOro JIBKKJI 6€3 JaHHBIX n3Me-
HEHUN MMeJI0 MECTO METHJIMPOBaHHE IMPOMOTOpA
reHa.

Buosornyeckuit CMBICII JAHHOTO SBJIEHUS CJIe-
JlyeT TPAKTOBAaTh B KOHTEKCTE MOJIEJIN KaHI[epOoTe-
He3a Kuyzncona [9]. HemocraTouHOCTh (YHKIIUH
rena TP53 npu IBKKJI moxkeT ¢popmMupoBatbcsa He
TOJIBKO TI0 KJIACCHUECKOMY  «JIBYXyZlapHOMY»
MeEXaHU3MY, KOT/a JIJIA Pa3BUTHUS OIyXOJIM HE00-
XOAUMBI TIOCJIE/IOBATEbHbIE W3MEHEHUs [IBYX
ajiesiell aHTUOHKOTEHA: OJJHOTO — B 3apOJiblIe-
BOH JIMHHHW, a BTOPOTO 3a CYET COMATHYECKUX
abeppanuii, HO ¥ MO0 AaHAJOTUYHOMY €MY JBYXY-
JlapHOMY IPHUHITUITY C BBIKJIIOUEHUEM JIBYX ajljie-
JIel aHTUOHKOT€EHA 3a CUET MOCJIe0BATEIHHO BO3-
HUKAIOIINX COMAaTHYeCKUX abeppanuii (MyTarui,
MeTHJIMpOBaHus mpomoropa uau III' B pasziuu-
HBIX COYeTaHUAX) (pHC. 3).

Molecular genetic aberrations in the TP53 gene
of DLBCL tumor tissue that occur de novo, namely
functionally significant mutations in the DNA-
binding domain of the gene and rs78378222 in
combination with the loss of an intact allele, were
associated with a more aggressive course of the
tumor and a poor response to therapy (Table 2).
Remission in the subgroup of patients with these
aberrations was achieved only in half of the cases
(50.0%), while in the subgroup of patients without
aberrations in the TP53 gene — in 3/4 of the cases
(74.5%, p = 0.083) [20].

CONCLUSION

The TP53 role in oncogenesis discovery pro-
ceeded simultaneously with the study of the basic
mechanisms of recognition and transmission of sig-
nals inside the cell, as well as genome reparation,
regulation of cell division and apoptosis, coordina-
tion of metabolic processes and immune identifica-
tion. The function of the TP53 gene and the p53 pro-
tein it encodes is associated with each of the above-
mentioned processes, and these relationships are
maintained at many levels, generating a single regu-
latory network [6].

In our studies, attention was focused on changes
in TP53 which can be registered both in healthy
human tissue (inherited polymorphisms of the gene

TP53 annens 1
TP53 allele 1
TP53 amnensb 2
TP53 allele 2

MyTanust
mutation

TP53 annens 1

TP53 allele 1

TP53 amnensb 2
TP53 allele 2

MOTePs reTepO3UrOTHOCTH
loss of heterozygosity

TP53 amnensb 2
TP53 allele 2

nepeoe coovimue
first event

emopoe codvimue
second event

MeTH/IHPOBaHHe
methylation

Met

ﬁ ﬁ ﬁ TP53 annens 1
TP53 allele 1
TP53 annens 2
TP53 allele 2

NoTepsi reTepo3NroTHOCTH
loss of heterozygosity

ﬁ ﬁ Q TP53 annens 1
TP53 allele 1

Puc. 3. /IByxyapHbiii MexaHu3M popmupoBanus geduiura pyakiuu rea TP53 npu JJBKKIT
Fig. 3. Two-hit mechanism for the formation of TP53 dysafunction in DLBCL
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KINMHNYECKOE 3HAYEHUWE HAPYIIIE-
HUNA ®YHKIIMOHNPOBAHUA 'EHA

B xo/ie viccieoBaHMs TTIOKa3aHO HAJIMYHE aCCOITH-
AUy aHATU3UPYEMbIX (QYHKIIMOHAIBHO 3HAUUMBIX
MapkepoB reHa TP53 c¢ GoJbIllel BBIPA’KEHHOCTHIO
CUMIITOMOB OITyXOJIEBOM MHTOKCHUKAIIUMH U TIapaKJIH-
Huyeckoi aktuBHocTH JIBKKJI, a Takke GOJIBIINM
00BbEMOM M PACHPOCTPAHEHHOCTHIO OITyXOJIEBOTO
Iporiecca Ha MOMEHT JUATHOCTUKY 3a00s1eBaHusd [6].
JlaHHbIE KOPPEJAIMOHHOTO aHAIM3a CBUAETENhb-
CTBYIOT O HAJTHUUU CTATUCTUYECKN 3HAYNMOU KOppe-
JIIIIMOHHOU CBSI3U MEXK/IY YaCTHIMU TOMO3UTOTHBIMU
reHotunamu G/G rs1625895 u Arg/Arg rs1042522 u
He6IaTOIIPUATHBIM ITPOTHO30M 110 MEK/TYHAPOTHOMY
MMPOTHOCTHYECKOMY HHJIeKCy (I = 0.216, p = 0.001 U T
= 0.216, p = 0.006 COOTBETCTBEHHO). [Ipu 3TOM Y
OOJIBHBIX — HOCUTE/IeH ramiotuna WArgG B ToMO3H-
TOTHOM cocTtostHuU (qumuiotunt WArgG/wArgG) B
CpPaBHEHHUH C JPYTUMH IallMeHTaMU PHUCK HE OTBe-
TUTh Ha IIPOBOIUMYIO TEPATIHIO OBLI BBIIIIE B 4.6 pasa,
PHUCK He JIOXKUTB 10 5-JIETHETO pyOeska — B 4.9 pasa (p
= 0.037), B TOM 4HcJIe 63 IIPOrPECCUH U PELH/IHBA —
B 5.5 pasa (p = 0.082).

MouJtekyJIsIpHO-TEeHETUUECKHEe HapYIIEeH!s B TeHe
TP53 onyxoneBori Tkanu JIBKKJI, Bo3HmKaromue
de novo, a UMeHHO (GYHKIMOHAJIHHO 3HAUUMBIE
mytauuu B JIHK-cBA3bBIBawIeM JIOMeHe TeHa U
rs78378222 B coueTaHUH C MOTEPER HOPMAIHHOTO
ajtesist, ObLIM acCOIIMUPOBAHBI ¢ OOJIee arpeccuB-
HBIM TE€UEHUEM OITYXOJIU U IJIOXUM OTBETOM Ha Tepa-
o (Tabut. 2). Pemuccus B OATpyIIIEe MAIUEHTOB €
yKazaHHBIMHU abeppariusaMu ObLaa JOCTUTHYTA JUIIb
B TIOJIOBUHE ciydaeB (50.0 %), Torjia Kak B IOJ-
rpymie 6071bHBIX 0e3 abeppanuii B rene TP53 — B
3/4 cny4aes (74.5 %, p = 0.083) [20].

and their combinations as part of haplotypes) and
predispose to tumor development, and generate in
lymphocytes de novo at various stages of tumor pro-
gression, and be recorded in DLBCL tumor tissue
(mutations, allelic imbalance and gene promoter
methylation) [21].

The data obtained show that a comprehensive
analysis of the TP53 gene status is more informative
and demonstrates the presence of a large percentage
of combined gene aberrations in patients with
DLBCL. It has been established that in at least a third
of cases, the formation of DLBCL is accompanied by
the processes of acquisition, fixation and accumula-
tion of sequential genetic aberrations in the TP53
gene which contribute to malignant transformation
of B lymphocytes.

The results obtained are valuable not only from a
fundamental but also from a practical point of view.
Thus, it has been shown that the status of the TP53
gene in DLBCL particularly is the biological basis of
the clinical parameters included in the IPI, and the
preserved function of TP53 is crucial for slowing the
rate of tumor progression and achieving a favorable
outcome of the disease in modern therapy for DLBCL
including the monoclonal anti-CD20 antibody drug,
rituximab.

Financing. The work was carried out at the
expense of the State Assignment on the budget proj-
ect No. FWNR-2024-0004.

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

Ta6una 2. Puck pa3Butus HebaaronpusTHoro TeyeHus JBKKJI npu BbIsiBJIEHUH B ONyX0JIeBOM TKaHU QYHKIMOHATbHO

3HAYUMbIX MyTanui B rede TP53 u renoruna C/C rs78378222

Table 2. Risk of an unfavorable course of DLBCL in functionally significant mutations in the TP53 gene and genotype C/C

rs78378222 in tumor tissue

Iloka3saTesb / Parameter

Ol (95% /IH) / OR (95% CI) p

B-cumnTomel / B-symptoms
Crapus 3a6osneBanus II1-1V / Disease stage I11-1V
JkcTpaHoaibHble nopaxkeHus / Extranodal lesions

Hannyue nopakeHHUs onyxoJiblo pasMepoM 6oJsiee 7 cM
Malignant lesion larger than 7 cm

[TopaxeHue kocTHOTO Mo3ra / Bone marrow involvement
MIIH 3-5 / IP1 3-5

PasButue TpombonuTonennu / Thrombocytopenia
PazBuTHe aHeMuu / Anemia

061mas BbKkKMBaeMocTh / Overall survival

6.69 (1.30-23.86) 0.030
139 (1.17-1.65) 0.010
3.26 (1.02-11.85) 0.035
5.27 (1.48-16.55) 0.006
441 (1.22-15.00) 0.019
4.40 (1.06-14.52) 0.019
54.00 (5.37-245.8) <0.000
26.5 (4.22-108.4) <0.000
3.84 (1.07-12.17) 0.012

Mpumeuanue. [IBKKJ - sudpdysnas B-kpynHokierounas suMdpoma; Olll - oTHomeHue mwaHcoB; IV - noBepuTeabHbIN HHTEpBa; MIIU -

Me}KZLyHapOLleIﬁ l'[pOl"HOCTI/[‘-IeCKI/Iﬁ HUHOEKC.

Note. DLBCL - diffuse large B-cell lymphoma; OR - odds ratio; CI - confidence interval; IPI - international prognostic index.
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3AKJIIOYEHUE

PackpsbiTie posiu TP53 B OHKOTeHe3e 110 ITapasi-
JIEJIBHO C U3y4eHneM 0a30BBIX MEXaHHU3MOB PaCIIO-
3HABAHUA U NPOBEIEHUs CUTHAJIOB BHYTPH KJIETKH,
peliapanuy reHoma, peryJsaiiuy KJIeTOYHOTO Jiesie-
HUS U aroInTo3a, KOOPAWHAIINU MeTabOoJIMUeCKHX
IIPOIIECCOB ¥ MMMYHOJIOTHYECKOTO PACIIO3HABAHUS.
®yukmusa resa TP53 1 KOAUPyeMOro UM Oeska p53
CBs3aHA C KAK/BIM U3 IEPEYNCTEHHBIX IIPOIECCOB,
[IpUYEM S5TU CBSA3H IOJJIEPKUBAIOTCSA HA MHOTHX
VPOBHSAX, 00pasys eJUHYI0 PETYJIATOPHYIO CETh [6].

B mpoBoIMMBIX HAMU UCCIIEZIOBAaHUAX BHUMAaHUE
OBLIO COCPENOTOUYEHO HA U3MeHEHUX B TP53, KOTO-
pble MOTYT PETUCTPUPOBATHCA KaK B 3/[0POBOM TKAHU
yeJioBeKa (HacsieryeMble IOJTUMOP(U3MBI TeHa U UX
COYETAHUs B COCTABE TaIJIOTUIIOB) U IIPEAPACIIOA-
raTh K Pa3BUTHIO OILYXOJIM, TaK U BOBHUKATH B JINIM-
douuTax de novo Ha pa3IUUHBIX TANAX OIYXOJIE-
BOH IIPOTPECCUU U PETUCTPUPOBATHCS B OITyXOJIEBOH
tkaHu JIBKKJI (Myranuu, ajuiesbHbBIN AucOanaHC U
METUJINPOBaHUE TPOMOTOpa reHa) [21].

[TosryueHHBIE HAMU JTAHHBIE CBUZETEIHCTBYIOT O
60spiIeli MHGOPMATUBHOCTH KOMILJIEKCHOTO aHa-
Jau3a craryca reHa TP53 v AeMOHCTPUPYIOT HaJln4ue
y 60sbHBIX JIBKKJI 60JBIIOTO HPOIIEHTa COYETaH-
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