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BsedeHue. B natoreHese npunapkoB ocobas ponb otBogutcA NMDA-peuentopaM, ogHa u3 cybbeauHuy
KoTopbIX KoampyeTcA reHoM GRINT. M3BecTHbl MyTaumu reHa GRINT y naumeHTOB C pasnnyHbIMM GopMaMu anunencum
n 3Huedanonatum. lpu 3ToM, JaHHble 06 y4acTum GRINT w ero nonMmMop$u3MOB B pa3BUTUM MOCTTPaBMATUYECKOM
anunencuu (MT3) oTcyTCTBYIOT.

Llene. OnpepeneHvie BAMAHWA 0OHOHYKNIEOTUAHOr0 nonuMopduama rs 1126442 reHa GRINT Ha puck gopMupoBaHua
MnT3.

Mamepuanel u Memodsl. 06cnenoaHo 140 naumenToB: 69 6onbHbIX ¢ MT3, 71 NALMEHT ¢ reHeTUYECKOW 3nunencuen
(M3). BceM wucnbiTyeMbIM MPOBELEHO KOMMMEKCHOE 06criefjoBaHMe C OLEHKOW aHaMHes3a, HEeBPOJIOrMYecKoro Crartyca,
pe3ynbTaToB 3nekTposHuedanorpadum (33) 1 HeMpoBKU3yanu3aLmMK, a TakKe FreHOTUNPOBaHKe 06pa3LoB KPOBU METOAOM
NonMMepasHOM LiEMHOW peakLmu B pexKMMe peanbHoro BpeMeHW. KoHTponeM 1A reHeTUMYeCKoro uccnejoBaHuA ABKUIach
BEeHO3HaA KpoBb 60 340pOBbLIX NI,

Pesynemamel. Y naumentoB c T3 npeobnapany ¢oxanbHble MPUCTYMbl C NepexofoM B bunatepanbHble TOHUKO-
KnoHnueckue. Mo JaHHbIM HEWpOBM3yanu3auuW BbIABAAIMC OUCTPOGUYECKME, KWUCTO3HbIE M KWCTO3HO-T/IMO3HbIE
M3MeHeHUdA, NpU3HaKKU HapyxHoh rugpouedanuu. [lpyu 33 peructpupoBanacb WMHTEpPUKTaNbHAA W MKTambHaA
aNUNenTUPopMHas aKTUBHOCTb, a TaKMKe TeTa-3aMeasieHuna. [eHoTUNMpoBaHWe no nonumopduamy rs 1126442 reHa GRINT
BbIABM/IO NpeobnafaHue retepo3vrotHoro reHotuna G/A u romosurotHoro A/A y naumenToB ¢ MT3 no KoQOMWHAHTHOM
(oTHoweHMe waHcos (OLU) = 3,43; 95% noseputenbHbId MHTepBan (ON): 1,56-7,55; p = 0,0047), noMuHanTHOM (OLL = 3,24,
95% [N: 1,57-6,68; p=0,0011) 1 cBepxgoMuHanTHom (OLL = 2,90; 95% [N: 1,36—6,22; p = 0,0048) MogensM HacnenoBaHUS.
HocutenbctBo reteposuroTHoro reHotuna G/A rs 1126442 reqa GRINT accoummpoBaHo ¢ perucTpaumeit annnentupopmMHom
aKkTMBHOCTM Ha 33 y Bcex NaumeHToB, cTpagatowwmx anunencuen (O = 2,40; 95% OW: 1,11-5,20; p = 0,024).

3akmoyenue. HocvtenbctBo reteposurotHoro reHotuna G/A w romosurotHoro redotvna A/A rs 1126442 GRINT
No AOMWHAHTHOM WM KOLOMWHAHTHOW MOJENAM Hacne[oBaHUA acCOLMMPOBAHO C BbICOKMM PUCKOM pa3BUTUA 3NUNENCUMK
nocne nepeHeceHHoM YepenHo-Mo3roBoi TPaBMbl, @ HOCUTENLCTBO reTepo3nroTHoro reHotuna G/A rs 1126442 reqa GRINT
accoLMMpOBaHO C PerucTpaLment asnunenTMhpopMHOM akTMBHOCTM Ha 33T
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Role of the GRINT gene polymorphism
in the formation of post-traumatic epilepsy

Lilit M. Gazaryan, Nataliya V. Selyanina™, Yuliya V. Karakulova, Dmitriy Yu. Sosnin

Perm State Medical University named after Academician E. A. Wagner, Perm, Russian Federation

ABSTRACT

INTRODUCTION: NMDA receptors are involved in the pathogenesis of seizures, as it subunit is coded for by the GRINT
gene. Different GRINT mutations are known in patients with different forms of epilepsy and encephalopathy. However,
no data are available on the participation of the GRINT gene and its polymorphisms in the development of post-traumatic
epilepsy (PTE).

AIM: To determine the influence of single-nucleotide rs1126442 polymorphism of GRINT on the risk of PTE formation.

MATERIALS AND METHODS: A total of 140 patients were examined, which included 69 patients with PTE and
71 patients with genetic epilepsy. All patients underwent a comprehensive examination, with evaluation of history,
neurological status, electroencephalography (EEG) and neuroimaging results, and genotyping of blood samples by real-
time polymerase chain reaction. The control sample for genetic examination was venous blood from 60 healthy individuals.

RESULTS: Focal seizures with transition to bilateral and tonic—clonic seizures were predominant in the PTE group.
Neuroimaging revealed dystrophic, cystic, and cystogliotic alterations and signs of external hydrocephaly. EEG recorded
interictal and ictal epileptiform activity and slowing of theta waves. Genotyping by rs1126442 polymorphism of GRINT
revealed predominance of heterozygous G/A and homozygous A/A genotypes in patients with PTE in the codominant (odds
ratio (OD) = 3.43; 95% confidence index (Cl) 1.56—7.55; p=0.0047), dominant (OR = 3.24; 95% Cl 1.57-6.68; p=0.0011), and
superdominant (OR = 2.90; 95% Cl 1.36—6.22; p = 0.0048) inheritance models. The carriage of heterozygous G/A rs1126442
genotype of GRINT was associated with an epileptiform activity in the EEG of all patients with epilepsy (OR = 2.40; 95% ClI
1.11-5.20; p = 0.024).

CONCLUSION: The carriage of heterozygous G/A genotype and homozygous A/A rs 1126442 genotype of GRINT in the
dominant and codominant inheritance models is associated with a high risk of development of epilepsy after craniocerebral
trauma. The carriage of heterozygous G/A rs 1126442 genotype of GRINT is associated with an epileptiform activity in EEG.
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[SReRviRE /e (87.0) ©L.8 0. 5700
A/A 9 (13.0) 5 (8.2) 1.68 (0.53-5.32)
G/G-A/A 37 (3.6 47 (77.0 1.00
[Tkt [y .6 7. 0) 0. 0048
G/A 32 (46.4) 14 (22.9) 2.90 (1.36-6.22)
E: OR—L#AE,; CI—EFX (A
2 2 GRINIFHER )22 & rs 1126442 ) 48 44 5 R 78 5 38 A% 0 ok A7 76 1 S Bk
k7RI FEPR 7 FEH, BEMEE, n %) X, n (%) A (95% BEASIXIA]) D
G/G 30 (42.2) 42 (68.8) 1. 00
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BnaropapHocTb. ABTOpbI BhiparaloT 6narodapHOCTL 3aBefyloLLemy na-
bopatopueit MMyHoreHeTukK OBYH «DeaepanbHbiid HayYHBIN LEEHTP Me-
AVKO-NPOGUNAKTUYECKWX TEXHONOMUIA YNpaBAeHUA PUCKaMU 3[10POBbIO
HaceneHuAx, K.M.H. A. B. KpnsLoBy 3a nomoLLb B npoBefeHnm naboparop-
HOM YacTu uccnenoBaHuA.

OuHaHcupoBaHUe. ABTOpLI 3aABNAIOT 06 OTCYTCTBUM BHELLHEro GUHaH-
CMPOBaHWA NPY NPOBEAEHNM UCCTIeA0BaAHNA.

KoHdnmKT nHTepecoB. ABTOpbI 3aABMAOT 06 OTCYTCTBIM KOHANMKTA MHTEPECOB.
Bknap aBTopos: [a3apaH /1. M. — cbop v 06paboTka MaTepuana, CTatncTu-
uyeckan 06paboTKa, HanvcaHve TekcTa; CenaHuHa H. B. — au3aiiH uccne-
[0BaHWA, CTaTCTIYecKan 0bpaboTKa, HanucaHue TeKcTa; Kapakysosa f0. B.
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— KOHLENUMA 1CCrIeioBaHuA, HanmcaHye TeKCTa, pefjakTpoBaHme; CoCHUH
J] 10. — cbop 1 0bpaboTKa MaTepuana, CTaTucTuYecKan 06paboTKa, peaakTn-
poBaHue. Bce aBTopbI MOATBEPHAAIOT COOTBETCTBME CBOEM0 AaBTOPCTBA MEK-

CMACOK UCTOYHUKOB

1. Myxun KIO. Onpegenenne u knaccuurauma anunencuu. [poext
Knaccudmkaumm anunenTuyeckux npuctynos 2016 roga // Pycckuit syp-
Han petckoi Hesponoru. 2017. T. 12, N2 1. C. 8-20. doi: 10.17650/2073-
8803-2017-12-1-08-20

2. HKapnos B.A. 3nunencuaA y feTen 1 B3pOCTbIX MEHLUMH W MyMUMH.
2-e n3a. M.: buHom; 2019.

3. Myxun K10, Metpyxun A.C., MvpoHos M.b. 3nunentudeckue cuHapo-
Mbl. [lnarHocTvka n Tepanua. M.: CuctemHble petuenns; 2008.

4. HKotos A.C, Benosa 0.A. MocTTpaBmaTyeckana anunencva: Teopua v
npakTuKa // HypHan HeBponorum u ncuxuatpum uM. C.C. Kopcakosa. 2010.
T. 110, Ne 3-2. C. 48-51.

5. WowwHa H.H., KopcyHekan J1.J1. 3nupemmonornyeckue xapaktepuctu-
KW CYMNTOMATUYECKON 3numencumn y BombHbIX ¢ MOCTTPaBMaTUHECK MM
KMCTO3HBIMM 06Pa30BaHWAMM MONIOBHOMO Mo3ra // MemayHapoaHbii He-
Bponorudeckui wypHan. 2014. N° 5 (67). C. 167-171.

6. Cromopoxosa E.b., [ioxmkosa H.A., Bango AWM. MetunmposaHue CpG
octpoBka reHa GRINT B runnokamne 1 KOCTHOM Mo3re KpbIC C pasfiviHOw
BO36YAMMOCTbIO HEPBHOM CUCTEMbI NPY [ENCTBUM IMOLIMOHANLHO-60M1eBO-
ro ctpecca // 3n0poBbe — 0CHOBA YeNOBEYECKOr0 NoTeHLmana: Npobnem
un nytvt pewwenna. 2013.T. 8, N2 2. C. 693-695.

7. Begni S., Moraschi S., Bignotti S., et al. Association between the G1001C
polymarphism in the GRINT gene promoter region and schizophrenia //
Biological Psychiatry. 2003. Vol. 53, N° 7. P. 617-619. doi: 10.1016/s0006-
3223(02)01783-3

8. becnanos A.l0., 3Baptay 3.3. HelponcrxohapMaKonorua aHTaroHMUCTOB
NMDA-peuentopos. Cl16.: Hesckuin [QuanekT; 2000.

REFERENCES

1. Mukhin KYu. Definition and classification of epilepsy. Classification of
epileptic seizures 2016. Russian Journal of Child Neurology. 2017;12(1):8-20.
(In Russ). doi: 10.17650/2073-8803-2017-12-1-08-20

2. Karlov VA. Epilepsiya u detey i vzroslykh zhenshchin i muzhchin. 2 ed.
Moscow: Binom; 2019. (In Russ).

3. Mukhin KYu, Petrukhin AS, Mironov MB. Epilepticheskie sindromy.
Diagnostika i terapiya. Moscow: Sistemnye resheniya; 2008. (In Russ).

4. Kotov AS, Belova IuA. Posttraumatic epilepsy: the theory and the practice.
Zhurnal Nevrologii i Psikhiatrii imeni S.S. Korsakova. 2010;110(3-2):48-51.
(In Russ).

5. loshina NN, Korsunskaya LL. Epidemiological characteristics of
symptomatic epilepsy in patients with posttraumatic cystic formations of the
brain. International Neurological Journal. 2014;(5):167-71. (In Russ).

6. Skomorokhova EB, Dyuzhikova NA, Vaido Al. Methylation status of
CPG island of GRINT gene in hippocampus and bone marrow of rats with
different excitability of nervous system after emotional-painful stress action.
Zdorov'ye — osnova chelovecheskogo potentsiala: Problemy i puti resheniya.
2013;8(2):693-5. (In Russ).

7. Begni S, Moraschi S, Bignotti S, et al. Association between the G1001C
polymarphism in the GRINT gene promoter region and schizophrenia.
Biological Psychiatry. 2003;53(7):617-9. doi: 10.1016/s0006-3223(02)01783-3
8. Bespalov AY, Zvartau EE. Neuropsycopharmacology of NMDA-receptor
antagonists. Saint-Petersburg: Nevsky Dialect; 2000. (In Russ).

0b ABTOPAX

[asapsaH Jlunut Mreposha,
ORCID: https://orcid.org/0000-0002-3970-3382;
eLibrary SPIN: 5047-3702; e-mail: gazaryan_km@&mail.ru

*CenaxuHa Hatanua BacunbeBHa, [.M.H., OLEHT;
ORCID: https://orcid.org/0000-0002-2317-7808;
eLibrary SPIN: 9379-1027; e-mail: nselyanina@mail.ru

Kapaky 10nua Bnagumup , 0.M.H., Npodeccop;
ORCID: https://orcid.org/0000-0002-7536-2060;
eLibrary SPIN: 5066-6556; e-mail: julia.karakulova@mail.ru

CocHuH [iMuTpuii 0pbeBuy, 4.M.H., AOLEHT;
ORCID: https://orcid.org/0000-0002-1232-8826;
eLibrary SPIN: 4204-6796; e-mail: sosnin_dm@mail.ru

* ABTop, 0TBETCTBEHHBIY 3a Nepenucky / Corresponding author

Vol. 29 (4) 2021

DAl https://doi.org/10.17816/PAVLOVJ63933

P Pavlov Russian
Medical Biological Herald

[yHapoaHbIM KpuTepuam ICMJE (Bce aBTopbI BHECAIN CYLLIECTBEHHBIN BKNaf, B
pa3paboTky KOHLENLWY, NpoBefeHre UCCe0BaHMA U MOLTOTOBKY CTaTby,
MPO4 M 1 0A06PMNM GUHANBHYI0 BEpCHIo Nepen NybivKaLmen).

9. Collins C., Duff C., Duncan AM, et al. Mapping of the human NMDA
receptor subunit (NMDART1) and the proposed NMDA receptor glutamate-
binding subunit (NMDARA1) to chromosomes 9g34.3 and chromosome 8,
respectively // Genomics. 1993. Vol. 17, N° 1. P. 237-239. doi: 10.1006/
geno.1993.1311

10. Liu Y.-P., Ding M., Zhang X.-C., et al. Association between polymorphisms
in the GRINT gene 5’ regulatory region and schizophrenia in a northern Han
Chinese population and haplotype effects on protein expression in vitro // BMC
Medical Genetics. 2019. Vol. 20, N2 1. P. 26. doi: 10.1186/s12881-019-0757-3
11. Platzer K., Lemke J.R;; Adam M.P., Ardinger H.H., Pagon RA, et al,
editors. GRIN1-Related Neurodevelopmental Disorder. In: Gene Reviews.
2019. [Internet]. Seattle (WA): University of Washington, Seattle; 1993-2021.
Available at: https://pubmed.nchi.nlm.nih.gov/31219694/. Accessed: 2021
March 22.

12. Ohba C., Shiina M., Tohyama J, et al. GRINT mutations cause
encephalopathy with infantile-onset epilepsy, and hyperkinetic and
stereotyped movement disorders // Epilepsia. 2015. Vol. 56, N2 6. P. 841—
848. doi: 10.1111/epi.12987

13. Chen W.,, Shieh C., Swanger S.A, et al. GRINT mutation associated with
intellectual disability alters NMDA receptor trafficking and function // Journal
of Human Genetics. 2017. Vol. 62, N® 6. P. 589-597. doi: 10.1038/jhg.2017.19
14. TazapaH J1.M., Cenaxunta H.B., Kpmeuos A.B., n gp. Cnocob nporHosu-
POBaHWA MHAMBMAYAbHOrO PUCKA Pa3BUTWA NOCTTPaBMaTUYECKOW 3nu-
nencun. MateHt PO Ha n3obpeTeHne N° 2019143381. 30.06.2020. bron. N2 19.
HoctynHo no: https://elibrary.ru/download/elibrary_43904230_41998727.
pdf. CcbinKa akT1BHa Ha 22 MapTa 2021.

9. Collins C, Duff C, Duncan AM, et al. Hayden Mapping of the human NMDA
receptor subunit (NMDART1) and the proposed NMDA receptor glutamate-
binding subunit (NMDARAT1) to chromosomes 9g34.3 and chromosome 8
respectively. Genomics. 1993; 17(1):237-9. doi: 10.1006/geno.1993.1311

10. Liu Y-P, Ding M, Zhang, X-C, et al. Association between polymorphisms
in the GRINT gene 5 regulatory region and schizophrenia in a northern Han
Chinese population and haplotype effects on protein expression in vitro. BMC
Mediical Genetics. 2019;20(1):26. doi: 10.1186/512881-019-0757-3

11. Platzer K, Lemke JR; Adam MP, Ardinger HH, Pagon RA, et al,, editors.
GRIN1-Related Neurodevelopmental Disorder. Gene Reviews. 2019. [Internet].
Seattle (WA): University of Washington, Seattle; 1993-2021. Available at:
https://pubmed.ncbi.nlm.nih.gov/31219694/. Accessed: 2021 March 22.

12. Ohba C, Shiina M, Tohyama J, et al. GRINT mutations cause encephalopathy
with infantile-onset epilepsy, and hyperkinetic and stereotyped movement
disorders. Epilepsia. 2015;56(6):841-8. doi: 10.1111/epi.12987

13. Chen W, Shieh C, Swanger SA, et al. GRINT mutation associated with
intellectual disability alters NMDA receptor trafficking and function. Journal of
Human Genetics. 2017; 62(6):589-97. doi: 10.1038/jhg.2017.19

14. Gazaryan LM, Selyanina NV, Krivtsov AV, et al. Sposob prognozirovaniya
individual'nogo riska razvitiya posttravmaticheskoj epilepsii. Patent RUS
N° 2019143381. 30.06.2020. Byul. N°19. Available at: https://elibrary.ru/
download/elibrary_43904230_£41998727.PDF. Accessed: 2021 March 22.
(In Russ).

AUTHOR'S INFO

Lilit M. Gazaryan,
ORCID: https://orcid.org/0000-0002-3970-3382;
eLibrary SPIN: 5047-3702; e-mail: gazaryan_km@mail.ru

*Nataliya V. Selyanina, MD, Dr. Sci. (Med.), Associate Professor;
ORCID: https://orcid.org/0000-0002-2317-7808;
eLibrary SPIN: 9379-1027; e-mail: nselyanina@mail.ru

Yuliya V. Karakulova, MD, Dr. Sci. (Med.), Professor;
ORCID: https://orcid.org/0000-0002-7536-2060;
eLibrary SPIN: 5066-6556; e-mail: julia.karakulova@mail.ru

Dmitriy Yu. Sosnin, MD, Dr. Sci. (Med.), Associate Professor;
ORCID: https://orcid.org/0000-0002-1232-8826;
eLibrary SPIN: 4204-6796; e-mail: sosnin_dm@mail.ru




