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Abstract

Introduction. Post-traumatic stress disorder (PTSD) encompasses a wide
spectrum of psychopathological manifestations that arise after exposure to
a severe or life-threatening event. The increasing relevance of PTSD issues
is associated with the escalation of military conflicts worldwide. Complex
biological mechanisms also play a significant role in the pathogenesis of PTSD,
including those changes observed in the hippocampus and other brain structures.
Aim - to identify the most significant genetic markers predisposing the risk of
PTSD manifestation, which could contribute to the development of targeted
interventions focusing on the preventive measures and treatment strategies
of this disorder.

A literature search was conducted in the PubMed database using keywords
related to the genetics of PTSD, with a publication time restriction from 2018
to 2023. Out of 623 papers, 20 articles met the inclusion criteria, describing
molecular-genetic and statistical data, and the sample size of at least 60
patients with a verified PTSD diagnosis, were reviewed and analyzed in detail.

The studies revealed significant associations between PTSD occurrence
and single nucleotide variants (SNVs) in the FKBP5 and CRHR1 genes.
Particular attention was paid to the interactions between SNVs of
different genes and their association with the severity of PTSD clinical
manifestations.

Conclusions. Genetic markers, in particular, SNVs in the FKBP5 (rs9470080)
and CRHRI1 (rs1724402) genes, may play a key role as the risk factors for
biological predisposition and the PTSD development. These findings would
underlie the targeted interventions integrated into PTSD-related prevention
measures and treatment strategies. However, further multicenter and
consortium studies with unified design are required to confirm the significance
of the identified associations and to specify the epigenetic aspects contributing
to the PTSD manifestation and development.
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AHHOTauuA

Baenenme. KiiHyyeckast KapTvHa I0CTTpaBMaTiyeCkoro CTpeccoBOro pacCTpoi-
crBa (ITTCP) BriroyaeT MIMPOKUI CIIEKTP NICUXONATOJIOIMYeCKUX POsIBIIeHUH,
OTCPOYEeHHO BO3HUKAIOIIUX IOCIIe BO3JIEUCTBUS TSDKENIOr0 WM YIPOXarolero
M3HU cobbIThsl. BospacTaromas akTyanbHocTh npobiiems! ITTCP cps3ana ¢
3CKaJIalell BOeHHbIX KOHQIMKTOB BO BCceM mupe. B narorenese ITTCP 3nauu-
TeJIbHYO0 POJIb TAK)Ke UIPArOT CJIOXKHbIe OUOJIOrHYecKre MeXaHU3MBbl, B TOM 4UCile
M3MeHeHMs, HabJrojiaeMble B IUIIIOKaMIle U IPYTHX CTPYKTypax Mo3ra.

Ilens 0630pa — BBIIBUTL HanbOIIee 3HAYUMble FeHeTHIeCKHe MapKephl, CBsl-
3aHHBle ¢ puckoM Bo3HUKHOBeHUst IITCP, uro Mormio 6b1 cioco6cTBOBaTH
pa3paboTKe TapreTHbIX BMelIaTe/lbCTB, HAallpaBJleHHbIX Ha pa3paboTKy 1po-
duakTHYeCcKUX Mep U CTpaTerui Tepanuu 3Toro paccrpoicrsa. Hamu npo-
BeJleH IIOMCK JTepaTypsl B 6a3e JaHHbIXx PubMed 1o kiroueBbIM ciioBaMm,
cBsi3aHHbIM ¢ reHeTHKOM [ITCP, ¢ orpanrnyeHneM 1o BpeMeH! BbIxofia IyoIiu-
karui ¢ 2018 no 2023 roa. Y3 623 pabor 20 crareit, oTBe4aroIUX KPUTEPH-
SIM BKJIIOYE€HHS, C OIIUCAHHEeM MOJIeKYIIIPHO-TeHeTUYeCKUX, CTaTUCTHYeCKUX
JIaHHBIX ¥ pa3MepoM BbIOOPKHU He MeHee 60 nanyeHTOB ¢ BepruUIIMPOBaHHBIM
nmarto3oM ITTCP, 6611 mogpo6HO pacCMOTpPeHbI U IPOaHAIM3UPOBAHBI.

Hayka n nHHoBauuu B meguuuHe T.9(1)/2024

Bouty BHISIBIIEHB! 3HAUMMbIe aCCONUAIMU MeXXy Bo3HUKHOBeHHeM [ITCP u
onHoHyKIeoTUHBIMU BapuanTamu (OHB) B remax FKBP5 u CRHR1 (ocs
TUIIOTaJIaMO-TUIIOPU3aPHO-HA/IIIOYeYHUKOBOM CUCTEeMbl U HEMPO3HIOKPHH-
HBIH 1y Th). BaxkHO# McceoBaTeibCKOM HAXOAKOM SIBUJIOCH OOHApYy»XeHue
B3aMMOCBSI3el MeXly OJHOHYKJIEOTUHBIMU BapUaHTaMU OIlpeJlesleHHbIX
TeHOB U TSDKECTBIO KIIMHIYecKux nposiienuit I[ITCP.

BeiBopsl. [eHeTiYeckre MapKepbl, B YaCTHOCTH OJHOHYKJIEOTH/IHbIE BADUAHTHI
reroB FKBP5 (rs9470080) u CRHR1 (rs1724402), urparoT KIIF04eByI0 poib Kak
(aKTOpBI OHOJIOrMYeCKOI TPEIMCIIO3UIINK U pricka pasutust [ITCP. Otv maHHbIe
TPeZICTaBIISIOT BKHOE 3Ha4eHVe 1711 pa3paboTKU TapreTHBIX BMelaTesIbCTB Py
yTO4YHeHUH Mep npodrutakTrky U crparernii Teparmu [1TCP. Ognako st mop-
TBepXKIeHus] 3HAYMMOCTH BbISIBIIEHHBIX aCCOLMAIAM «T'eH — Cpefia» U YTOUHEeHHs
SMUTeHeTUYeCKUX aclleKTOB, JIeXalluX B OCHOBe MaHU}eCTalluy U Pa3BUTHS
ITTCP, Tpebyercs IpoBesieHHe JaTbHEHIIIX MyJIETUIIEHTPOBBIX ¥ KOHCOPIIU-
YMHBIX MCCJIe[JOBAaHUM 110 YHUGUIIMPOBAHHOMY JIM3akHY.

Kirouennie cioBa: ADCYAPIR, CRHR1/2, DRD2/4, FKBP5, NR3C1, nocr-
TpaBMaTH4YeCKoe CTPeCccoBoe paccTpoicTBo, SLC6A4.
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m INTRODUCTION
Post—traumatic stress disorder (PTSD) is a mental illness
originating in the delayed period after exposure to a severe
or life-threatening psycho-traumatic event and characterized
with a wide range of psychopathological manifestations.
These include sudden responses to triggers i.e. phenomena
of repeated experience of bright pictures associated with
the psycho-traumatic event (flashbacks), fear, anxiety,
somatic autonomic manifestations, various degrees of mental
confusion, nocturnal sleep disturbances, anxiety dreams and
behavioral disorders, viz. alcohol and substance abuse, which
reduces overall quality of life and results in the development of
social estrangement and social and professional maladaptation,
respectively. According to WHO data, the average prevalence
of PTSD worldwide is 3.6%, whereas other sources report
higher percentages: 8% for women and 4% for men [1]. At the
moment, the problem of PTSD has become of greater vitality
due to escalation of military conflicts which are a significant
factor in the progression of PTSD.

Complex biological mechanisms are involved in the
formation of PTSD manifestations. The hippocampus plays
an important role in the pathogenic mechanism of PTSD,
specifically, the CA3 zone that regulates processes of memory
pattern completion and separation that are vital for the
formation of behavioral response and emotional processing
of new experiences [2, 3]. In some studies, these changes are
linked directly with the changes in the neuroplasticity and
neurogenesis in the hippocampus that are seen in PTSD, when
the regulatory balance between the activity of the mature and
the young of the hippocampus is disrupted.

Besides, the studies identified a distributed system of brain
structures including the central nucleus of the amygdala,

2

frontal part of the hippocampus and the orbital prefrontal
cortex which lies in the basis of the mechanism of imprinting
of the type of stress reaction formed at an early age, which
also actualizes under the onset of PTSD in adult age [4]. The
ongoing long-term activation of the hypothalamo-pituitary-
adrenal axis provides the biological foundation for the
development of PTSD comorbid sequelae [5].

From the standpoint of existing neurobiological models,
the impact of severe and life-threatening stress states and
traumas starts up a self-sustaining mechanism of synaptic
dysfunction, particularly, in the key neural networks of
emotional regulation (the amygdala — ventral medial area
of prefrontal cortex — supracallosal gyrus — hippocampus
axis) [6]. Other researchers suggest that the changes
encompass the thalamus and the cores of the striatum,
dorsolateral and dorsomedial areas of prefrontal cortex,
posterior cingulate cortex, and the involved sensory areas
of cortex [7]. The results of meta-analysis of numerous
studies indicate the change in the volume of subcortical
areas, which might account for the stability of the clinical
performance of PTSD many years since the exposure to
the stress factors [8].

These mechanisms are considered the results of gene-
environment interactions, and whereas the role of the
environment factors seems obvious, the gene basis of PTSD
formation requires deeper research [9]. Zhang et al. (2017)
[10] summarized results of seven genome-wide association
studies (GWAS) on large samples. In these studies, most
frequently identified genes were FKBP5 (involved in the
endocrine regulation), ADCYAPIRI (regulator of the signal
path function), NR3C1I (glucocorticoid receptor), DRD2
(dopamine receptor linked to various neuropsychiatric
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conditions), CRHRI1 (corticotropin-releasing hormone
receptor) and SLC6A4 (serotonin transporter in plasma
membrane). It is of no less importance that these genes are
expresses in the aforementioned areas of the brain associated
with PTSD mechanisms [10].

We are of the opinion that single-nucleotide variants
(SNV5) of these genes and their epistasis and interaction with
environment factors might affect formation of susceptibility
to development of PTSD.

m AIM OF REVIEW

To identify among the aforementioned genes the most
significant genetic markers predisposing the risk of PTSD
manifestation, which could contribute to the development of
targeted interventions focusing on the preventive measures
and treatment strategies of this disorder.

m MATERIAL AND METHODS

In order to perform the literature search in the optimal
way, it was divided in two stages: first, we identified the
suitable genes and polymorphisms and then performed
a detailed analysis of candidate genes for the PTSD
susceptibility using PubMed as the general database. We
ran the first stage of search using the following keywords:
«PTSD genetic markersy, «PTSD genetics», «PTSD genetic
polymorphism». The second stage included queries to search
for specific genes identified in the first stage: «FKBP5 and
PTSD», «ADCYAPIR and PTSD», «kNR3C1 and PTSD»,
«DRDZ2 and PTSD», «DRD4 and PTSDy», «CRHRI and
PTSD», «<SLC6A44 and PTSD», «CRHRZ2 and PTSD». The
search yielded 623 publications, of which 20 met our criteria
for the detailed analysis: they were published from 2018 to
2023, they were original research comprising molecular,
genetic and statistical data, and the data on verification
of diagnosis; PTSD was to be the primary condition, the
sampling being at least 60 patients.

m FK50-BINDING PROTEIN GENE, FKBP5.
CORTICOTROPIN-RELEASING HORMONE
RECEPTOR 1 AND 2 GENES, CRHR1/2.
ALPHA-5-NICOTINE CHOLINORECEPTOR
GENE, CHRNAS5. ROR-RELATED ORPHAN
RECEPTOR ALPHA GENE, RORA

Zhang et al. (2020) studied the role of SNVs of several
genes including FKBP5 (rs3800373, rs1360780, rs9470080
and rs9296158), CRHRI1 (rs4458044 u rs242924) and
CRHR2 (rs8192496 and rs2267715) in 1,132 patients with
PTSD surviving earthquakes in China. They found that the
minor allele A of the polymorphism rs2267715 in CRHR2
was associated with a more severe progress of PTSD
(p<0.01, beta = 1.26, 95%CI = 0.41-2.11). Besides, they
saw a statistically significant impact of the SNV FKBP5-
CRHRI (rs9470080 x rs4458044) on the severity of PTSD
in men (p <0.05) [11] (Table 1). Boscarino et al. (2022)
studied four genetic markers related to PTSD: FKBP5
(rs16969968), RORA (rs8042149), CRHRI (rs110402), and
CHRNAS (rs16969968). They found that the link of the first
two SN'Vs with the development of PTSD was statistically
significant (p<0.05) [12]. Hu et al. (2020) reported similar
results of the study with a different sampling [13].
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In other studies, the groups of Zhang (2020) and Tamman
(2019) studies the connections between the SNV of the FKBP5
gene (rs3800373, rs9296158, rs1360780, rs9470080) and
the diagnosis of PTSD among veterans of military conflicts.
They found that patients with PTSD manifested the alleles
A SNV rs3800373, G SNV rs9296158, C SNV rs1360780
and C SNV rs9470080 (p<0.01) with higher frequency [11,
14]. Besides, Hu et al. (2020) showed that the people with
two minor alleles FKBP5 (rs9296158, rs3800373, rs1360780
and rs9470080) subjected to physical violence in childhood
showed higher severity of PTSD symptoms [13].

Li et al. (2019) studied four known SVNs of the FKBP5
gene (rs3800373, rs9296158, rs1360780 and rs9470080)
on the sample of 1,140 adult patients with PTSD (Table 1).
They found that the rs9470080 TT genotype was associated
with the higher risk of development of PTSD and depression
after low-severity stress events (p<0.05; OR = 0.13, 95%CI
= 0.03-0.63) [15]. Young et al. (2018) did not find any
connection between the development of PTSD and the
interaction of rs1360780 and psychological traumatization
in the childhood [16]. In the study performed on the sample
of military veterans diagnosed with PTSD, Kang et al.
(2019) studied the SNV rs1360780 and found no statistically
significant differences between the groups [17]. Jaksic et al.
(2019) reported credible associations between the C allele
SNV rs1360780 of the FKBP5 gene and the diagnosis of
PTSD, and the severity of symptoms of the dominant model.
However, these connections failed to keep their statistical
significance after the Bonferroni correction (a=0.002), as
well as the connection of PTSD with SNV rs17689918
CRHRI [18].

Gelernter et al. (2019) performed a search for the
whole genome associations using a sample of 146,660
military service veterans and identified the most significant
associations with PTSD symptoms (p<0.001): CRHRI
(allele C, rs1724402), CAMKV (rs2777888), KANSLI
(rs2532252) and TCF4 (rs2123392). Besides, the authors
identified the statistically significant connections with
other SNVs, including KCNIP4 (rs4697248), HSD17B11
(rs7688962), MADILI (rs10235664), SRPK2 (rs67529088)
and LINC01360 (rs7519147) [19].

m ADENYLATE CYCLASE-ACTIVATING
POLYPEPTIDE TYPE I RECEPTOR GENE,
ADCYAPIR1. SODIUM-DEPENDENT
SEROTONIN TRANSPORTER GENE, SL.C6A4

In the work performed by the group of (2021), the
connection of the SNV of the ADCYAPIR gene (rs2267735)
with the development of PTSD was studied on the sample
of 1,132 patients surviving an earthquake. The researchers
found the statistically significant connection of interaction
of ADCYAPIRI-FKBP5 (rs2267735 x rs1360780) with
the severity of the clinical pattern of PTSD (beta = -1.31,
p<0.05). Besides, there was identified the statistically
significant connection of the interaction of ADCYAPIRI-
CRHRI (12267735 * rs242924) with severity of PTSD in
men (p<0.05) [20, 21].

Kravi¢ et al. (2019) reported absence of significant
connections of PTSD with the distribution of genotypes SLC644
(serotonin membrane transporter) and MAOA (responsible for

3



Hayka n nHHoBauuu B meguuuHe T.9(1)/2024

Gene and
localization of its References LB Key findings
expression assessment

T T,
¥ . -allele of rs p<0. N =0.4, 0! .2-0.3), the C-allele
—_— 3890 people (18-62 years); of rs1360780 (p<0.001; OR=1.3, 95%CI 1.1-1.6), the C-allele of
getal 2020 M/F; All races; Military PCL-4 159470080 (p=0.001; OR=2.9, 95%C| 2.4-3.4).
VEEEmS PTSD(+) often had AGCC haplotype (rs3800373-rs9296158-
rs1360780-rs9470080) (p<0.01; %(2=9.1) than PTSD(-).

. . Chi . The distribution of the AGCC haplotype (rs3800373-rs9296158-
Qietal 2020 237 people: MIF; Chinese; CAPS SCID  rs1360780-rs9470080) was found to be significantly higher in the
p probable PTSD group compared to the non-PTSD group.

PTSD(+): T-allele (rs9470080) (p<0.05; OR = 0.1, 95%Cl 0.03-0.6).

1140 people (17-66 years); PTSD(+)-depression: AGCT haplotype (rs3800373-rs9296158-

Lietal. 2019 M/F; Chinese; Earthquake PCL-5 rs1360780-rs9470080).
FKBPS Survivors No significance: rs3800373, rs9296158 and rs1360780.
Hippocampus

Young et al, 2018 266 (18-62 years); M/F; All CAPS  PTSD(+): T-allele (rs1360780) (OR = 1.91, 95%CI 1.0-3.5).

races; Military veterans

719 people; M/F; Caucasian; CAPS, BSI,

Jaksic et al. 2019 No significance: C-allele (rs1360780).

War survivors M.LN.L.
Kang etal 2019 239 People; M; Military CAPS, PCL-4 PTSD(+): C-allele (dominant model) (rs1360780) (F=7.3; p<0.01).
1042 people; M/F; Caucasian; .
Hu et al. 2020 e s PCL-5 PTSD(+): C-allele (rs9470080) (p<0.05).
Tamman et al. 577 people; M/F; Military PCL-5, SCID, PTSD(+): G-allele (rs9296158), A-allele (rs3800373),
2019 veterans CAPS C-allele (rs1360780), C-allele (rs9470080) (p<0.001).
K . PTSD(+): ADCYAP1R1-FKBP5 (rs2267735 x rs1360780)
Amygdaaand  Wangetal 2021 Mibs Cpﬁ%r;lgéllg;r?héigfg polls  [Eme sz ssu iy ek = LS |2 S IS
hippocampus STRErS ADCYAPIR1-CRHRI1 (rs2267735 x rs242924) correlated

with severity in men (beta = -4.7 and P = 0.02).

Yuan et al. 2022 142 people (18-60 years); M/F; SCID, CAPS PTSD(+): Severe - reduced left CA3 volume - TC heterozygotes

Chinese; Earthquake Survivors (rs1800497) (p<0.01).
719 people; M/F; Caucasian; No S|gn|f|cance Tagl (rs1800497 of DRD2) and VNTR in exon 3
Hoxha et al. 2019 . CAPS, BSI
DRD2, DRD4 War survivors (DRD4).
Hippocampus 1134 people (16-73 years);
+ Peope {. g ) PTSD(+): DRDXANNK1-COMT (rs1800497xrs6269) (p<0.05).
Zhang et al. 2018 I\SAl/JIr:\,Ii\(IZCI)w::ese, Earthquake PCL-5 No significance: DRDZ (rs1800497)
1134 people (16-73 years); . | ;
Zhang et al. 2019 M/F; Chinese; Earthquake PCL-5 BES_DS'% g?“}-’él ?'}%27 %?2268498%1801028) (p<0.01;
Survivors = Sk BRITOH & )
113? people (.18-73 years); ?‘ESSD(JS) /D%RII(-JI§22A :):\llele (rs2267715) increased severity (p<0.01; beta
Znangietali2D208 M, ChinesepEaiiig iaka PCLS  FgBP5.CRARI (159470080x154458044 and 159296158  r54458044)
was severity in men (p<0.05).
CRHR1, CRHR2 . . .
! ; . ) : PTSD(+): CRHRI1 (G-allele; rs110402), CHRNAS, (A-allele;
RO S e et e oy oo PCL 1516969968, RORA (G-allee: rs8042149), FKEPS (T-allse
, rs p<0. .
Gelernter et al. 146 660 people; M/F; All races; PCL-4 PTSD(+): CRHR1 C-allele (rs1724402) was associated with PTSD
2019 Military veterans (p<0.001)
- 719 people; M/F; Caucasian; No significance: 5-HTTLPR (high-expressing long allele
Kravi¢ etal. 2019 War survivors CARS, BS and low-expressing short allele)
78 people; M; Blast exposure N Homozygous S carriers of SHTTLPR showed higher PTS rates than
SLC6A4 Tayloretal 2019 jnioracts PELE homozygous L carriers (p<0.01).
Amygdala o . -
Y8 . 4072 people (13-18 years); gg"/Sc.CD)(IJrl)ﬁillA)l of TaglA (rs1800497 of DRD2) (p<0.01; OR = 2.4,
Xiao et al. 2019 M/F; Chinese; Earthquake PCL-4 A

PTSD(-): 10/10 of 5-HTTVNTR (p<0.001; OR = 0.166, 95%CI 0.1-0.3)
No significance: 5-HTTLPR (short or long alleles)

NR3C1 Prefrontal Castro-Vale etal. 61 people; M; Caucasian; CAPS. SCID PTSD(+): G-allele (rs6198) (p=0.05; OR = 3.6, 95%CI 1.1-11.8).
cortex 2021 Military veterans g No significance: rs10052957, rs6189/rs6190, rs6195, rs41423247.

Survivors

Note: PTSD — Post-traumatic stress disorder; PTSD(+) — the group of findings, that showed significantly positive associations with PTSD expressiveness; PTSD(-
) — the group of findings, that showed reverse associations with PTSD expressiveness; FKBP5 — FK506 binding protein 5; ADCYAP1R — adenylate cyclase
activating polypeptide 1 (pituitary) receptor; DRD2, DRD4 — Dopamine receptor D2/4; CRHR1, CRHRZ2 — Corticotropin-releasing hormone receptor 1/2; SLC6A4
— Solute carrier family 6 member 4, aka 5-HTT Variants: SHTTLPR & SHTTVNTR; NR3C1 — Nuclear receptor subfamily 3, group C, member 1 aka GR; CAPS -
Clinician Administrated PTSD Scale; BSI - the Brief Symptom Inventory; PCL-4/5 - PTSD CheckList 4/5, SCID - Structured Clinical Interview for DSM Disorders;
M.I.N.I - Mini International Neuropsychiatric Interview.

MpumeyaHus: MTCP — nocmmpasmMamuyeckoe cmpeccoBoe paccmpoticmso; MTCP(+) — 2pynna 0aHHbIX, NoKazaBwux 00CMOBEPHYIO NONOXUMebHYH CBSI3b

¢ BbipaxxeHHocmbto MTCP; MTCP(-) — epynna daHHbIX, NOKa3aBWUx 06pamHyto CBsi3b C BbipaxeHHocmbto MTCP; FKBPS5 — zeH FK506-cBsisbiBatouwezo benka;
ADCYAPIR — 2eH peuenmopa k akmusamopy adeHunamuyuknassl 1; DRD2, DRD4 — zeHbl peuenmopos dogamuHa D2/4; CRHR1, CRHR2 — 2eHbl peuenmopoB
KOPMUKOMPONUH-pUu3uHe-2opMoHa 1/2; SLC6A4 — eeH mpaHcnopmepa cepomoHuHa, makxe ussecmHbill kak 5-HTT: SHTTLPR u SHTTVNTR; NR3C1 — 2eH
2/1I0KOKOpmMukoudHozo peuenmopa; CAPS — wkana MTCP, HazHavaeMas knuHuyucmom (Clinician Administrated PTSD Scale); BSI — Brief Symptom Inventory;
PCL-4/5 — KoHmponbHsbil cnucok [MTCP 4/5; SCID — CmpykmypupoBaHHOE K/luHU4eckoe uHmepBsbto no paccmpolcmaam DSM; M.I.N.I - MuHu-mexdyHapooHoe
Hellponcuxuampuyeckoe UHMepBbI0.

Table 1. Summary of the associations between common SNVs, gene interactions, haplotypes and PTSD
Ta6bnuua 1. CBsi3u 00HOHYK/1EOMUOHbIX BapuUaHMOB, Mex2eHHbIX B3aumModelicmaull u 2aniomunoB ¢ puckoM passumusi [MTCP

serotonin metabolism) in the sample 719 patients with PTSD  people exposed to the explosion and having the S-allele had
and conventionally healthy people surviving a military conflict ~ a more severe progression of PTSD as compared to carriers
[22]. Taylor et al. (2019) studied the connections between the  of the S-allele not exposed to the explosion, and to carriers of
impact of explosion, 5SHTTLPR and PTSD symptoms. The  both LL alleles. (p<0.01) [23].
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m TYPE I1 AND IV DOPAMINE RECEPTOR
GENE, DRD2/4. GLUCOCORTICOID
RECEPTOR GENE, NR3C1

The study of Xiao et al. (2019) showed that the
polymorphisms DRDZ2 Taq I and 5-HTTVNTR had
statistically significant connection to the PTSD diagnosis,
whereas the 5-HTTLPR had none. The genotype A1/A1 of
the polymorphism DRDZ2 Taql had significant association
with the increased risk of development of PTSD (OR = 2.39,
95%CI = 1.39-4.12, p<0.01). On the contrary, the genotype
10/10 5-HTTVNTR decreased the risk of PTSD development
with statistical significance (OR = 0.17, 95%CI = 0.08-0.34,
p<0.001) [24]. Yuan et al. (2022) studied the associations
between the SNV rs1800497 (TaqlA), severity of PTSD and
the volumes of the CA3 zone and the fascia dentata of the
hippocampus. Even though they did not find any statistically
significant association between the severity of PTSD and
the total volume of the hippocampus in patients with the TT
genotype, there was found a significant connection between
the genotype and severity of PTSD, the most grave clinical
pattern was related with reduction of the volume of the left
CA3 among the TC heterozygotes (p<0.01) [25].

Hoxha et al. (2019) studied associations between the
DRDZ2 variant (rs1800497) and the variable number of
tandem repetitions (VNTR), located in the third exon DRD4
with the development of PTSD. The case control study
found no significant associations. However, there was
identified an association between SNV DRDZ2 (rs1800497)
and deviations in the score of PTSC symptoms per “Brief
Symptom Inventory” scale both in the genotype and
recessive models, the allele T being the risk allele (p<0.05)
[26].

The study of Zhang et al. (2018) genotypified the SNVs
of three genes DRD2/ANNKI1, COMT and DBH in adults
exposed to earthquake. The variant rs1800497 is related to the
density of D2 dopamine receptors, and the haplotypes rs6269-
rs4633-rs4818-1s4680 impact the level and the activity of the
catechol-O-methyl transferase metabolizing catechol amines.
The statistical analysis of genetic data identified interaction
between DRD2/ANNKI1-COMT (151800497 x rs6269) that
was associated with the PTSD diagnosis. However, the
analysis involving singular SNVs revealed no significance
in the development of PTSD in any of them, as well as the
‘gene-environment’ interaction [27]. Furthermore, the same
study of Zhang et al. (2019) analyzed two SNV (rs2268498
in OXTR and rs1801028 in DRDZ2) in the Chinese cohort
that was exposed to the earthquake in Wenchuan including
156 cases of PTSD and 978 people in the control group. The
interaction between the genotypes rs2268498 CC/CT and
the allele C SNV rs1801028 was associated with the PTSD
diagnosis (p<0.01; OR = 9.18, 95%CI = 3.07 - 27.46) [28]
(Table 1).

Castro-Vale et al. (2021) studies the association between
five SNVs of the gene NR3C1 (rs10052957, rs6189/rs6190,
rs6195, rs41423247 and rs6198) and PTSD in veterans
of colonial wars in Portugal. The carriership of the variant
9B (allele G) rs6198 showed the statistically significant
association with PTSD within the dominant morel of heredity,
and was associated with the severity of the clinical pattern of
PTSD [29].
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m DISCUSSION

From the 20 studies in question, eight studied the SNVs
of the glucocorticoid chaperon gene FKBP5, with the total
sample of 8110 people. All authors studying the SNV FKBP5
reported significant associations with PTSD for the variant
rs9470080, regardless of the allele, C or T. However, the
results for other variants (rs9296158, rs3800373, rs1360780)
were ambiguous or statistically insignificant [13-18, 30].
The associations between the two haplotypes (4-G-C-C u
A-G-C-T) and the specifics of progression of PTSD are of
special interest due to novelty of results, yet the current data
is insufficient to make any firm conclusions [15, 30, 31];
same concerns the results for interactions between the FKBP5
and other genes [14, 20].

As far as the dopamine receptor genes DRD2/4 are
concerned, four studies focused on their SNVs in a total
sample of 1995 people and reported, mainly, insignificant
associations with PTSD [25-28]. However, the group of
Zhang (2018, 2019) found statistically significant interactions
between DRD2/ANKK1-TaqlA-COMT (rs1800497 x rs6269)
and OXTR-DRD?2 (rs2268498 x rs1801028) in a sample of
1134 people (p<0.05) [25, 28]. These results, in their turn,
need further research to support their significance.

Among other research, three studies of CRHR1/2 showed
significant associations between separate SNVs and the
development of PTSD [11, 12]. The study involving the
genome-wide association search by Gelernter et al. (2019)
on the sample of 146,660 military service veterans, the most
significant association with PTSD was found for the C-allele
CRHRI (rs1724402) (p<0.001) [19]. At the same time, the
high significance of associations with the development
of PTSD was seen in other SNVs: CAMKYV (rs2777888),
KANSLI (rs2532252) and TCF4 (rs2123392) (p<0.001). This
additional data had lesser statistical significance as compared
with the SNVs mentioned above, but it deserves attention in
the light of further research [19]. Based on the comparison
of results shown in Table 1, the authors consider discussion
of remaining studies unpractical due to contradictory data.

Generally, the presented results show some role of the
genes coding the component of the neuroendocrine axis in
the etiology of PTSD and the contribution made therein by
the neurotransmission of catechol amines and serotonin. The
correction of discrepancy in data used for our research is a
question of major scientific interest. It is necessary to study the
SNVs of the FKBP5 gene, the haplotypes and the intergenic
interactions, as well as earlier neglected SNVs showing high
significance of connections with development of PTSD in
genome-wide association study, which allows learning the
epigenetic aspects of PTSD development, among other things
[19, 32]. The answer to the question of the SNV contribution to
the development of PTSD is vital for the targeted intervention
that could only be performed immediately after the psychological
trauma but before the progress of dysfunctions under PTSD
would become stable with relevant morphofunctional changes
in the patient’s brain [33].

m CONCLUSIONS

The analysis of the selected papers revealed two highly
significant genetic markers related to the development
of PTSD: FKBP5 (rs9470080, both the C-allele and the
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T-allele) and the C-allele of CRHRI (rs1724402). These to psychological trauma might become the foundation for
results point at the hypothalamo-pituitary-adrenal axis and the primary prevention of PTSD in order to impede the
the neuroendocrine path as the potential target for the pre- cascade of changes in the nervous system leading to the
clinical treatment in order to mitigate the risk and prevent the  sustainable clinical symptomatology. Although some singular
development of PTSD. Other results, such as the association  genetic factors of PTSD development are well known,
of the haplotypes of FKBP5 (A-G-C-C: rs3800373- our understanding of the polygenic nature of the illness
1s9296158-rs1360780-rs9470080; A-G-C-T: rs3800373- remains limited, considering insufficient data on epigenetic
rs9296158-rs1360780-rs9470080) and FKBP5-CRHRI  mechanisms of mental disorders. The priority studies of
(rs9470080 x rs4458044 and rs9296158 x rs4458044) molecular and genetic foundations of PTSD can ensure a
were less significant and studied in less detail. Collated more detailed insight into the pathogenic mechanisms of
data is of value to identify the vector of our future research.  the disease and development of efficient methods of its
The authors think that genetic testing of patients exposed prevention and treatment. =

ADDITIONAL INFORMATION

JOIIOJIHUTEJIbBHAS NTH®OPMAITVA

Study limitations.

The study is subject to the typical limitations of review work. The present results
are limited by the heterogeneous designs of the studies used for the analysis, as well
as by the insufficient sample size to formulate unambiguous conclusions. We observe
the need for further research clarifying the significance of risk factors for PTSD, taking
into account the polygenic nature and epigenetic mechanisms of the disease.

Oezp yeHus uccnedob

HCCHQ}IOBaHI/lE TIO/IBEP’KeHO THITUYHBIM OIrPaHUYIeHUAM 063OPHOI;I paﬁOTI)I. Hacro-
sIII[Me Pe3yIIbTaThl OrPaHMYeHbl FeTepOreHHbIMU IU3aiHaMU CCITe0BAHHH, UCIIOJb30-
BaHHBIX JUUIS aHAJIW34d, d TaK)Ke HeJOCTaTOYHbIM 06beMOM BLIGOPKI/I pinis (bopmynnpoBa-
HUS OTHO3HAYHBIX BBIBOJIOB. MBI BUIMM HEOOXOIMMOCTD JJAJIbHEHIIIUX UCCIIeI0BaHUH,
CBSI3aHHBIX C YTOYHEHHeM 3HauMMOCTH dakTopoB pucka passutus IITCP, yunrsiBas
TIOJIMTeHHYI0 IIPUPOAY U SIIMI'eHeTHYeCKHe MeXaHU3MbI 3ab01eBaHusI.
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Yuacmue a6mopo8. T.C. Cronsixo, K. T'onpa, A.T. Cak, [I.A. CmupHoBa — ¢op-
MYJIMPOBKa OCHOBHO# HJIeM U yTOYHEHHe TUIIOTe3bl; PYKOBOJICTBO OpOpMIIeHHeM HC-
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HalllCaHHUe TeKCTa.

Bce aBrops! 0106prH GpHHATIBHYIO BEDCHIO CTAaThH TIeper Iy OIyKaryedt, Bhpaswin
ComIache HeCTH OTBETCTBEHHOCTD 3a BCe aCIeKThl paboThI, IO/[pa3yMeBarolIyI0 HajuleXxa-
I1ee U3ydeHHe U pellieHre BOIIPOCOB, CBSI3aHHBIX C TOYHOCThIO HIIM JOGPOCOBECTHOCTBIO
m060¥ YacT paboTHL.
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