%?

UNIWERSYTET MEDYCZNY

IM. PIASTOW SLASKICH WE WROCLAWIU

Praca doktorska

ROLA POLIMORFIZMU GENU FKBP5
W ROZWOJU DOSWIADCZEN PODOBNYCH DO OBJAWOW
PSYCHOTYCZNYCH
W WYNIKU TRAUMATYCZNYCH WYDARZEN ZYCIOWYCH

Filip Stramecki

Promotor: dr hab. n. med. Dorota Frydecka, prof. UMW
Kopromotor: prof. dr hab. n. med. Btazej Misiak

Wroclaw 2022



Dzigkuje dr hab. n. med. Dorocie Frydeckiej, prof. UMW, mojej promotor
za nieustajgcq pomoc i wsparcie w przygotowaniu pracy doktorskiej oraz za mozliwos¢

konsultacji na kazdym etapie realizacji doktoratu.

Dziekuje prof. dr. hab. n. med. Blazejowi Misiakowi, mojemu kopromotorowi
za okazane zaufanie, bezcenne wskazowki w prowadzeniu badan i nieoceniong pomoc

w analizie wynikow.
Pani prof. dr hab. n. med. Joannie Rymaszewskiej dzigkuje za opieke i wsparcie.

Dzigkuje wszystkim osobom, ktore przyczynily sie do powstania niniejszej pracy,
w szczegolnosci dr hab. Lukaszowi Gawedzie, prof. IP PAN, prof. dr hab. n. med. Jerzemu
Samochowcowi, dr hab. n. med. Edycie Pawlak. prof. PAN i mgr. inz. Elzbiecie Szmidzie

Mojej Rodzinie i Przyjaciotom dzigkuje za nieustajgcq wiare we mnie i w powodzenie

realizacji tej pracy.



Spis tresci

L

II.

VI

AN oL~

VII.
1.
2.

VIIL.

IX.
1.

NOtA INFOIMACYJIMA ......eiiiiiiiiiiiiiiie et ettt et st bt e st e s bt e st e e sbeeeabeesbeesabeenaeesateas 4
SEFESZEZEIE ...ttt ettt a bbbt h e bt sb et b e bbbt e et et et et et ebe bt ebe 5
ADSTIACE ...ttt ettt ettt a e a e s h e e h et e he ettt et ennesaeennes 7
A (- 4 T OO OO OO PO OPPRPRIRPRN 9
Doswiadczenia podobne do 0bjawow PSYCROLYCZAYCH ...........cccveeueecieeeeieeeseeeeseseee e 9
Wplyw traumatycznych wydarzen zyciowych na rozwoj objawow psychotycznych ............cocceecveeveeevennann. 9
Wplyw deregulacji dziatania osi podwzgorze-przysadka-nadnercza na rozwdj objawow

DSYCHOLYCZIYCH. ...ttt ettt et 10
Funkcja genu FKBP5 w rozwoju objawow psychotycznyCh i PLES ............ccooooueeiveeieeieienieiens e 11
Wplyw interakcji pomiedzy zmiennoscig genetyczng a traumatycznymi wydarzeniami na rozwoj objawow
DSVCHOLYCZIYCH ...ttt sttt e et e st e s e s st e se e s e sseense s st enseeseensesnsenseaneenseensenees 12
Style przywiqzania i poziom postrzeganego stresu oraz ich wplyw na objawy psychotyczne.................... 13
ZaYoZenia 1 Cele.............cccooiiiiiiiiiiic ettt et 15
Material i MELOAY PIACY .........coooiiiiiiiiieieeieeeeee ettt et e st e e st e st e e s ae st e sseeseensenseeseenseensesseensesnes 17
ML IAE O DAAAT ...ttt ettt sttt sttt 17
Metody badan kWeStIONAVIUSZAMI. ..............cc.ecveeeeieiesieceeteete et esee st sae st e e sae e sseeteesaaseeneenseensesseensenes 17
Metody Badan GENELYCZIYCH ...........oocuveeeeeeiecieieee ettt ettt st et e e s e te e st aseeneesseennenseensenns 18
MELOAY STALYSEYCZNE ...ttt ettt e st et e s st e nse s st ense s st enseeseenseessenseassanseassanseansenseensenes 18
Podsumowanie wWynikow i WIIOSKI ...........ccooiiiiiiiiiiiiiiiccccceceee e 20
POASUMOWARNIE WYRTIROW .......c.oeeeeieeeieeie ettt ettt sttt sttt ae s e e es e enseensanseeneenseensesseansenes 20
WWHEOSKI ...ttt b ettt ettt ettt et b e bt bbb ettt ee e eaee 22
PISIEENIECEWO ..ottt ettt ettt b e bt bbbt ettt ne et et nene 23
Cykl publikacji stanowigcych podstawe rozprawy doKtorskiej ..............ccoocvevvrieniniieninceneieeeene 31

The role of the interaction between the FKBP5 gene and stressful life events in the pathophysiology of
schizophrenia: A narrative review. [Opublikowano w Archives of Psychiatry and Psychotherapy 2020,
22(3):7-16] oottt bbbt b et n et ne et ne e 32

The Impact of the FKBPS5 Gene Polymorphisms on the Relationship between Traumatic Life Events and
Psychotic-Like Experiences in Non-Clinical Adults [Opublikowano w Brain Sciences 2021, Apr
2E;TI(5):561] ettt bbbttt ne et ee 42

The Moderating Role of the FKBP5 Gene Polymorphisms in the Relationship between Attachment Style,
Perceived Stress and Psychotic-like Experiences in Non-Clinical Young Adults [Opublikowano w

Journal of Clinical Medicine, 2022, 11(6), 1014] ......ooveoeeeieeeeieeeeeee et es 54
ZARACZIIKI........ooiiiiiiiiiiiie ettt e b e et b e st h e st e st e st e e sbe e e be e bt e s beesaee et 67
Zatqcznik nr 1 — Zrodlo finansowania BAAAR .................ccccceeeeeeieeeeieecieiecieeeee et eens 67
Zatqcznik nr 2 — 0SWiadczenia WSPOIAUIOFOW .............ccocceeeeceeeiieieeieeeeeieeteee et esae st sse e ssesaensesnaensens 68
Zatqcznik nr 3 - n0ta DIOGFAFICZNA QUIOTA ..........cccuveeeeeeieeieeieeieeeeiee ettt ae s sse e e ssesnaenseenaesens 80
Zatqcznik nr 4 — wykaz publikQCT QUEIOT ...............oooeeeeeeeiieieeieeeeeee et eens 81



I. Nota informacyjna

Niniejsza rozprawa doktorska autorstwa lekarza Filipa Strameckiego zatytulowana ,,Rola
polimorfizmu genu FKBP5 w rozwoju do$wiadczen podobnych do objawdéw psychotycznych
w wyniku traumatycznych wydarzen zyciowych” oparta jest o cykl trzech powigzanych
tematycznie artykuléw. Sklada si¢ z dwoch badan oryginalnych oraz jednej pracy
przegladowej. Badania oryginalne powstaly w oparciu o projekt dla Mtodych Naukowcow
UMW pt. ,Rola interakcji migdzy polimorfizmem genu FKBP5 a traumatycznymi
wydarzeniami zyciowymi w rozwoju znieksztalcen poznawczych” (nr projektu:
STM.C230.10.034, termin realizacji od 01.01.2018 r. do 31.12.2021 r.), ktory otrzymat zgode
Komisji Bioetycznej UMW (nr protokotu: 254/2018; decyzja z dnia 19.07.2018 r.). Kazda z
prac opublikowana zostala w anglojgzycznych czasopismach naukowych o zasiggu
mi¢dzynarodowym o tacznej wartosci wspotczynnika wptywu (ang. Impact Factor, IF) 7,636.

Lekarz Filip Stramecki jest pierwszym autorem wszystkich trzech artykutow.

Publikacje wchodzace w sktad rozprawy doktorskie;j:

1. Stramecki F., Frydecka D., Misiak B. (2020). The role of the interaction between the
FKBP5 gene and stressful life events in the pathophysiology of schizophrenia: A
narrative review. Archives of Psychiatry and Psychotherapy 2020, 22(3):7-16. pkt.
MNiSW/KBN: 70

2. Stramecki F., Frydecka D., Gaweda L., Prochwicz K., Klosowska J., Samochowiec J.,
Szczygiet K., Pawlak E., Szmida E., Skiba P., Cechnicki A., Misiak B. (2021). The
Impact of the FKBP5 Gene Polymorphisms on the Relationship between Traumatic Life
Events and Psychotic-Like Experiences in Non-Clinical Adults, Brain Sci. 2021, Apr
28;11(5):561. 1F: 3,394, pkt. MNiSW/KBN: 100

3. Stramecki F., Misiak, B., Gaweda L., Prochwicz K., Ktosowska J., Samochowiec J.,
Samochowiec A., Pawlak E., Szmida E., Skiba P., Cechnicki A., Frydecka D. (2022).
The Moderating Role of the FKBP5 Gene Polymorphisms in the Relationship between
Attachment Style, Perceived Stress and Psychotic-like Experiences in Non-Clinical
Young Adults, J. Clin. Med. 2022, 11(6), 1614. IF: 4,242, pkt. MNiSW/KBN: 140

Oswiadczenia wspotautorow prac okreslajace indywidualny wklad kazdego z nich zawiera

zatgcznik nr 2.



II. Streszczenie

Wstep: Wiele dotychczasowych badan wskazuje na istotny wplyw czynnikéw genetycznych
i $srodowiskowych na rozwdj zaburzen ze spectrum schizofrenii. W ostatnich latach coraz
wigcej badan podkresla znaczaca rolg interakcji pomiedzy zmienno$cig genetyczng
a doswiadczeniem traumatycznych wydarzen zyciowych na rozwdj nie tylko schizofrenii,
a takze na rozwoj objawow prodromalnych, takich jak do$wiadczenia podobne do objawdéw
psychotycznych (ang. psychotic-like experiences, PLEs), ktére moga wystepowaé u osob
w stanie ryzyka rozwoju psychozy (ang. at-risk mental state, ARMS). Wykazywano wczes$niej,
ze indywidualna podatno$¢ na rozwoj psychozy i PLEs jest zwigzana z polimorfizmem genu
FKBP5, kodujacego biatko wigzace FK-506 (ang. FK-605 binding protein 5, FKBP5), ktory
jest odpowiedzialny za regulacje odpowiedzi na stres zwigzang z regulacja dziatania osi
podwzgorze-przysadka-nadnercza. Stwierdzono rowniez zwigzek pomigdzy poziomem
postrzeganego stresu a nasileniem objawow psychotycznych zaréwno w schizofrenii, jak
1 PLEs. Podobnie, stwierdzono zwigzek pomig¢dzy stylem przywigzania a nasileniem PLEs oraz
objawow psychotycznych w schizofrenii.

Cel badania: Celem niniejszej pracy byto zbadanie wptywu polimorfizméw genu FKBPS5
na ryzyko rozwoju PLEs w zwigzku z wydarzeniami traumatycznymi do$wiadczonymi
w przeciaggu calego zycia, a takze ocena zalezno$ci pomigdzy wybranymi polimorfizmami genu
FKBPS a stylami przywigzania i poziomem postrzeganego stresu w konteks$cie rozwoju PLEs.
Material i metody: Uczestnikami badania bylo 535 mtodych os6b z populacji niekliniczne;.
Wykorzystano Kwestionariusz Wydarzen Traumatycznych (ang. Traumatic Events Checklist,
TEC), Kwestionariusz Oceny Doswiadczen Psychotycznych (ang. Prodromal Questionaire,
PQ16), Kwestionariusz PAM (ang. Psychosis Attachment Measure (PAM) oraz Skalg
Odczuwanego Stresu (ang. Perceived Stress Scale-10 (PSS-10). Do badania materialu
genetycznego wykorzystano komorki nabtonka jamy ustnej. Zbadano sze$¢ polimorfizméw
pojedynczego nukleotydu (ang. single nucleotide polymorphism, SNP) genu FKBP5
(rs3800373, rs9470080, rs4713902, rs737054, rs1360780 1 rs9296158).

Wyniki: Wykazano wptyw polimorfizméw rs1360780, rs9296158 rs737054 na nasilenie PLEs
u osob, ktore doswiadczyly traumatycznych wydarzen w okresie catego zycia. Stwierdzono,
ze zarowno lgkowy styl przywigzania jak i wyzszy poziom postrzeganego stresu wigza si¢
z wickszym nasileniem PLEs. Zaobserwowano zalezno$¢ pomiedzy SNP rs3800373
a nasileniem PLEs. Ponadto, u os6éb z dominujagcym Igkowym stylem przywigzania,
zaobserwowano istotny wptyw interakcji mi¢dzy SNP rs4713902 a poziomem postrzeganego
stresu, doktadniej poziomem poczucia wlasnej skuteczno$ci, na nasilenie PLEs. U o0sob,

u ktoérych nie dominowal Igkowy styl przywiazania, niski poziom poczucia wlasnej



skuteczno$ci wigzal si¢ z wigksza liczbg zglaszanych PLEs, niezaleznie od posiadanego
genotypu.

Whioski: Polimorfizmy genu FKBP5 wplywaja na rozwdj PLEs w odpowiedzi
na traumatyczne wydarzenia zyciowe u mtodych os6b w populacji nieklinicznej. Lgkowy styl
przywigzania, jak i wysoki poziom postrzeganego stresu, zwigzane s3 z wigkszym ryzykiem
rozwoju PLEs u os6b miodych w populacji nieklinicznej. Gen FKBP5 moderuje wpltyw
interakcji pomigdzy stylem przywigzania a poziomem postrzeganego stresu na rozwoj PLEs
u mlodych os6b w populacji nieklinicznej. Wyniki te sugeruja, ze istnieje wiele zlozonych
interakcji pomiedzy czynnikami genetycznymi i sSrodowiskowymi wyjasniajacych odmienne

mechanizmy podatno$ci na rozwoj psychozy.



III. Abstract

Introduction: To date, multiple studies have focused on the impact of genetic and
environmental factors on the development of schizophrenia spectrum disorders. In recent years,
numerous reports highlight an important role of the interactions between genetic variability and
traumatic experiences in the development of schizophrenia but also development of psychotic-
like experiences (PLEs), which may occur in people at risk of developing psychosis (at-risk
mental state, ARMS). It has been previously reported that individual susceptibility to the
development of psychosis and PLEs is associated with polymorphism of the gene encoding the
FK-506 binding protein 5 (FKBP5 gene), responsible for the regulation of the hypothalamic-
pituitary-adrenal axis stress response. Moreover, the relationship between the level of perceived
stress and the severity of both psychosis and PLEs has been demonstrated in non-clinical
populations. Similarly, it has been found that there is an association of attachment style with
the severity of PLEs and psychotic symptoms in schizophrenia.

Aim: The aim of this study was to investigate the impact of the FKBP5 gene polymorphism
on the development of PLEs in response to traumatic life experiences. Moreover, we aimed
to examine the role of the FKBPS5 gene polymorphism in the relationship between attachment
styles and the level of perceived stress in the context of PLEs development.

Material and methods: We recruited 535 young adults from a non-clinical population.
Respondents completed the following self-report questionnaires: the Traumatic Events
Checklist (TEC), the Prodromal Questionnaire (PQ16), the Psychosis Attachment Measure
(PAM) and the Perceived Stress Scale (PSS-10). DNA was collected with the use of buccal
swabs. We examined six FKBP5 single nucleotide gene polymorphisms (SNP) (rs3800373,
rs9470080, rs4713902, rs737054, rs1360780 and rs9296158).

Results: The rs1360780, rs9296158 and rs737054 polymorphisms have been shown
to influence the severity of PLEs in individuals with traumatic life experiences. The anxious
attachment style and high level of perceived stress have been found to be associated with greater
number of PLEs. We observed a relationship between the SNP rs3800373 and the number
of PLEs reported. In individuals with dominant anxious attachment style, a significant influence
of the interaction between the SNP rs4713902 polymorphism and the level of perceived stress,
more specifically the level of perceived self-efficacy on the severity of PLEs has been observed.
Among participants with non-dominant anxious attachment style, low level of perceived self-
efficacy was associated with a greater number of reported PLEs, regardless of genotype.
Conclusions: The polymorphism of the FKBP5 gene has an impact on the development
of PLEs in response to traumatic life events in young adults from non-clinical population.

Anxious attachment style and higher level of perceived stress are associated with a greater risk



for PLEs development in non-clinical population. The FKBP5 gene plays moderating role
in the relationship between attachment style, level of perceived stress and the development
of PLEs in young adults in non-clinical population. These results suggest that there are many
levels of interactions between genetic and environmental factors explaining the different

mechanisms of susceptibility to the development of psychosis.



IV. Wstep

1. Doswiadczenia podobne do objawow psychotycznych

Zaburzenia psychotyczne naleza go grupy zaburzen psychicznych o rozpowszechnieniu
siegajacym ok. 3% populacji ogdlnej (Pearla i wsp., 2007). Objawy psychotyczne moga
wystepowaé w psychozach ze spektrum schizofrenii, zaburzeniach schizoafektywnych oraz
w chorobach afektywnych, takich jak zaburzenie afektywne dwubiegunowe lub depresja
z objawami psychotycznymi i obejmuja takie objawy jak urojenia i halucynacje. Rozwdj
zaburzen psychotycznych najczesciej poprzedzony jest okresem stopniowego pogorszenia
funkcjonowania, w ktérym pojawiajg si¢ objawy prodromalne, niespelniajace kryteriow
objawow psychotycznych pozwalajacych na rozpoznanie zaburzen psychicznych zgodnie
z powszechnie przyjetymi kryteriami diagnostycznymi. Stan ten okreslany jest w literaturze
jako stan ryzyka rozwoju psychozy (ang. at-risk mental state, ARMS). Obejmuje on osoby
z genetycznie podwyzszonym ryzykiem wystgpienia psychozy i obnizonym poziomem
og6lnego funkcjonowania lub doswiadczajace podprogowych lub samoistnie przemijajacych
objawow psychozy (Fusar-Poli i wsp., 2013). Doswiadczenia podobne do objawow
psychotycznych (ang. psychotic-like experiences, PLEs) sa uwazane za nie w pelni rozwinigte
objawy psychotyczne, ktorych rozpowszechnienie w populacji ogolnej wynosi ok. 7.2 %
(Linscott i Van Os, 2013). Obejmuja one nietypowe, powodujace dyskomfort do§wiadczenia,
takie jak styszenie nieprawdziwych dzwigkéw, iluzje wzrokowe, zaburzenia tre$ci myslenia
o charakterze m.in. nastawienia przesladowczego czy wzmozonej ksobnosci, w ktérych czesto
obecne s3 tez znieksztatcenia poznawcze. Wielokrotnie wykazywano, ze moga wystepowac
w populacji nieklinicznej (Haely i wsp., 2020; Kelleher i wsp., 2011; Yung i wsp., 2009; Van
Os i1 Reininghaus,2016), czesto nie wigzac si¢ ze znacznym dystresem czy brakiem wgladu
(Kelleher i wsp., 2011)

2. Wplyw traumatycznych wydarzen zyciowych na rozwdj objawdw psychotycznych

Wykazano, ze wiele czynnikow $rodowiskowych moze mie¢ udziat w rozwoju zaburzen
psychotycznych, w tym m.in.: infekcje prenatalne, naduzywanie lub uzaleznienie od substancji
psychoaktywnych a takze stresujace wydarzenia zyciowe 1 do$wiadczenie traumy
wczesnodziecigcej (Misiak 1 wsp., 2017). Doswiadczenie traumy we wczesnym okresie Zycia
jest jednym najlepiej zbadanych czynnikéw ryzyka zwigzanych z rozwojem psychozy,
co potwierdzaja liczne meta-analizy (Kraan i wsp., 2015; Varese i wsp., 2012; Matheson i wsp.,
2013). Traumatyczne wydarzenia zyciowe zwigkszaja ryzyko rozwoju psychozy zaré6wno

w populacji ogdlnej (Baudini i wsp., 2017; Misiak 1 wsp., 2017), jak i u 0s6b ze zwigkszong



predyspozycja zwigzang z wystgpowaniem zaburzen psychotycznych w rodzinie (Tomassi
1 wsp., 2017). Doswiadczenie traumy wczesnodzieci¢gcej predysponuje tez do konwersji
ze stanu podprogowych objawdéw psychotycznych do petnoobjawowej psychozy (Misiak
1 wsp., 2016). Dotychczasowe badania wykazaly, Ze osoby narazone na traume¢ w okresie
dziecinstwa, zwlaszcza emocjonalne i seksualne naduzycie, s3 bardziej narazone na rozwdj
PLEs (Lu i wsp., 2020; Sun i wsp., 2017a). Traumatyczne wydarzenia we wczesnym okresie
zycia u mlodych dorostych moga prowadzi¢ roéwniez do rozwoju zaburzen spostrzegania
i doswiadczen o charakterze urojeniowym (Sun i wsp., 2017b). Ponadto, stwierdzono istotny
wplyw traumatycznych wydarzen z catego zycia na rozwdj PLEs w populacji nieklinicznej
(Gaweda 1 wsp., 2019; Turley 1 wsp., 2019), jak tez i na nasilenie objawdéw psychotycznych
u os6b dorostych chorujacych na schizofrenie (Liu i wsp., 2020). Badania meta-analityczne
wskazuja, ze narazenie na traumatyczne zdarzenia Zyciowe w wywiadzie jest prawie
trzykrotnie czesdciej obserwowane w populacji pacjentow z psychoza (Varese i wsp., 2012).
Stwierdzono, ze do$wiadczenie traumy moze wigzaé si¢ z wigkszym nasileniem objawow
psychotycznych, gorszym funkcjonowaniem poznawczym, a nawet gorsza odpowiedzig
na leczenie przeciwpsychotyczne (Duhig i wsp., 2015; Ruby i wsp., 2017; Misiak i Frydecka,
2016; Misiak i wsp., 2017). Wigkszos¢ dotychczasowych badan skupiata si¢ na wptywie traumy
z okresu dziecigcego na rozwoj PLEs. Istniejg jednak doniesienia, ze rowniez doswiadczenie
traumy w dorosto$ci moze wigzaé si¢ nasileniem objawdw pozytywnych w schizofrenii (Liu
1 wsp., 2020)

3. Wplyw deregulacji dziatania osi podwzgorze-przysadka-nadnercza na rozwdj objawow

psychotycznych

O$ podwzgorze-przysadka-nadnercza (PPN) pelni istotng role w regulowaniu somatycznej
i moézgowej odpowiedzi na stres (Borges i wsp., 2013). Gtownym hormonem odpowiedzialnym
za prawidlowe dziatanie osi PPN jest kortyzol, wydzielany przez nadnercza podczas narazenia
na stres. Po potaczeniu z cytoplazmatycznym receptorem glikokortykosteroidowym, powstaty
kompleks ulega on translokacji do jadra komodrkowego, regulujac tym samym odpowiedz
na stres (De Kloet 1 wsp., 2005). Zaobserwowano szereg odmienno$ci w funkcjonowaniu osi
PPN u pacjentow chorujacych na schizofreni¢ w poréwnaniu do oséb zdrowych (Bradley
i wsp., 2010). Badania meta-analityczne wykazaty podwyzZszone st¢zenie kortyzolu
u pacjentow z pierwszym epizodem psychotycznym (Hubbard i wsp., 2019). Zaréwno
u pacjentéw chorujacych na schizofreni¢ (Berger i wsp., 2016), jak i 0s6b z ryzykownym
stanem psychicznym (Day i wsp., 2017) stwierdzono podwyzszone stgzenie porannego

kortyzolu. Wykazano pozytywna korelacj¢ z podwyzszonym stezeniem kortyzolu w ciggu dnia
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a zaburzeniami funkcji poznawczych i nasileniem objawow pozytywnych u pacjentow
z pierwszym epizodem schizofrenii (Havelka 1 wsp., 2016), a takze u pacjentéw chorujacych
przewlekle na schizofreni¢ (Walder i wsp., 2020). Podwyzszone st¢zenie kortyzolu
obserwowano zar6wno u pacjentdw z pierwszym epizodem psychozy (Ryan i wsp., 2004;
Braehler i wsp., 2005), jak 1 w nieklinicznych populacjach 0sob z grupy zwigkszonego ryzyka

rozwoju psychozy w poréwnaniu do grup kontrolnych (Walker i wsp., 2010).

4. Funkcja genu FKBP5 w rozwoju objawow psychotycznych i PLEs

Gen FKBPS, zlokalizowany na chromosomie 6p21, koduje biatko wigzace FK506 (ang. FK506
binding protein) ktore petni funkcje biatka opiekunczego dla biatka szoku cieplnego hsp90
(ang. 90 kDa heat shock protein) i reguluje wrazliwo$¢ receptora glikokortykosteroidowego
na kortyzol (Binder i wsp., 2009). Kompleks powstaly w momencie potaczenia biatka FKBPS5
z receptorem glikokortykosteroidowym wykazuje mniejsze powinowactwo do kortyzolu,
co niesie za sobg ostabiong translokacje jadrowa (Wochnik i wsp., 2005; Schammel i wsp.,
2001). Wigksze stezenia biatka FKBPS5 prowadza do obnizenia wrazliwo$ci receptora
glikokortykosteroidowego na kortyzol, co wiaze si¢ z zahamowaniem negatywnego sprz¢zenia
zwrotnego osi PPN. W rezultacie potrzeba wigcej czasu, zeby ograniczy¢ wydzielanie
kortyzolu przez nadnercza, co powoduje przedtuzong odpowiedZ organizmu na stres (Binder
i wsp., 2009). Wykazano, ze polimorfizm pojedynczego genu (ang. single nucleotide
polymorphism, SNP) rs1360870 genu FKBP5 zwiazany jest z funkcjonowaniem hipokampa
i odmiennym postrzeganiem zagrozenia (Fani i wsp., 2013), jak tez z odpowiedzig osi PPN na
stres u osob, ktore doswiadczyly traumy w dziecinstwie (Buchmann i wsp., 2014).
W przeprowadzonych do tej pory badaniach nad genem FKBP5 wykazano, ze polimorfizmy
rs1360780, rs3800373, rs9296158 1 rs9470080 sa zwigzane ze zmniejszang wrazliwoscia
receptora glikokortykosteroidowego na kortyzol, powodujac ostabienie negatywnego
sprzgzenia zwrotnego osi PPN, tym samym zaburzajac odpowiedz organizmu na stres
1 zwigkszajac ryzyko wystapienia psychozy (Cristobal-Narvaez i wsp, 2020; Mihaljevic i wsp.,
2017). Zaobserwowano rowniez, ze SNP 1s9470080 1 SNP 159394309 wplywaja
na reaktywnos¢ ciat migdalowatych u 0s6b narazonych na traum¢ w okresie dziecigcym (White
i wsp., 2012). Ponadto wykazano, ze SNP 1s9296158 i SNP rs4713016 maja zwigzek
ze stezeniem kortyzolu u 0s6b narazonych na traumatyczne wydarzenia w dziecinstwie (Collip
1 wsp., 2013). U nosicieli allelu C w SNP rs4713903 genu FKBP5 obserwowano wyzsze
dobowe stezenia kortyzolu w poréwnaniu z homozygotami TT (Mahon i wsp., 2013). Na uwage
zastuguje tez fakt, iz SNP rs737054 genu FKBPS jest zlokalizowany w intronie 5, ktory petni
wazng funkcje regulatorowg genu (Siepel i wsp., 2005; King i wsp., 2005).
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5. Wpyw interakcji pomigdzy zmiennos$cig genetyczng a traumatycznymi wydarzeniami

na rozwdj objawow psychotycznych

Dotychczas udokumentowano wplyw wielu czynnikoéw $rodowiskowych i genetycznych
na rozwoj 1 nasilenie objawow psychotycznych (Misiak i wsp., 2018) oraz PLEs (Alemany
iwsp., 2011; Cristébal-Narvaez i wsp., 2016a). Wykazano, ze poszczegdlne polimorfizmy genu
FKBPS zwigzane s z nasileniem objawdw psychotycznych u pacjentow, ktorzy doswiadczyli
traumatycznych wydarzen zyciowych w przesziosci (Cristobal-Narvdez 1 wsp, 2020;
Mihaljevic i wsp., 2017). Zaobserwowano rowniez, ze obecnos¢ allelu G w SNP rs38003737
zwigksza ryzyko rozwoju psychozy w pordwnaniu z homozygotami TT (Mihajlievic i wsp.,
2017). Wykazano, ze polimorfizmy genu FKBPS5 pelnig istotng rol¢ w rozwoju PLEs
w populacjach nieklinicznych (Ajnakina i wsp., 2014; Cristobal-Narvaez i wsp., 2016a).
Stwierdzono zwigzek pomigdzy SNP rs1360870 genu FKBPS a odpowiedzig osi PPN na stres
u osob, ktore doswiadczyly traumy w dziecinstwie (Buchmann i wsp., 2014). Potwierdzono
rowniez, ze SNP rs1360780 moze wpltywa¢ na kliniczng odpowiedz na leczenie
przeciwpsychotyczne u pacjentéw ze schizofreniag (Mitjans i wsp., 2015). Dowiedziono,
ze nosicielstwo allelu T w SNP rs1386070 wplywa na zwigkszenie nasilenia pozytywnych
1 negatywnych PLEs u osob, ktore doswiadczyly zngcania w dziecinstwie (Cristobal-Narvéaez
1 wsp., 2017; Alemany i wsp., 2016). Podobna zalezno$¢ potwierdzono dla SNP rs9296158,
gdzie obecno$¢ allelu A byla pozytywnie skorelowana z nasileniem PLEs w odpowiedzi
na traum¢ w dziecinstwie (Cristobal-Narvdez i wsp., 2016b). Kolejne badanie nad SNP
1s9296158 stwierdzito zwigzek migdzy obecnos$cig traumatycznych wydarzen zyciowych
a nasileniem objawow psychotycznych oraz zaburzen funkcji poznawczych u pacjentéw
chorujacych na schizofreni¢ (Mihaljevic i wsp., 2017). Dotychczasowe doniesienia naukowe
potwierdzaja zwigzek polimorfizmow genu FKBPS5 z nasileniem obrazu klinicznego
schizofrenii u pacjentéw, ktorzy doswiadczyli traumy w okresie dziecinstwa (Green i wsp.
2015). Wykazano réwniez, ze polimorfizmy genu FKBP5 petnig istotng role¢ w rozwoju PLEs
w populacji nieklinicznej (Alemany i wsp., 2016; Cristobal-Narvéaez i wsp., 2016a). Powyzsze
badania pokazuja, ze polimorfizmy genu FKBP5 majg istotny wpltyw zaréwno na przebieg
1 objawy schizofrenii, a takze na nasilenie PLEs w populacjach nieklinicznych w odpowiedzi

na do$wiadczenie traumy.
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6. Style przywigzania i poziom postrzeganego stresu oraz ich wplyw na objawy

psychotyczne

Teoria przywigzania opisuje wplyw wczesnych interakcji pomigdzy noworodkiem
1 opiekunami na funkcjonowanie w pdzniejszym zyciu i przedstawia styl przywigzania jako
mentalng reprezentacje obrazu siebie w relacjach z waznymi dla jednostki osobami (Bowlby,
1982). Styl przywiazania ksztattuje si¢ gtownie w pierwszych trzech latach zycia i zalezy
od ilosci poswieconej uwagi przez opiekunow oraz ich zachowan zaspokajajacych potrzebe
bliskosci 1 poczucia bezpieczenstwa, ktore sa odpowiedzialne za ksztaltowanie si¢ wzorcow
wigzi emocjonalnych. U osob, ktore w dziecinstwie otrzymaty wystarczajaca ilo§¢ wsparcia
1 uwagi, rozwija si¢ styl przywigzania, zwigzany z poczuciem bezpieczenstwa w relacjach
interpersonalnych. Z kolei, niezapewnienie odpowiedniej bliskosci i dostgpnosci matki,
doswiadczanie odrzucenia i braku empatii ze strony opiekuna wigze si¢ z rozwojem
nieprawidlowych styléw przywigzania. W literaturze przedmiotu definiuje si¢ miedzy innymi
lgkowy 1 unikajacy styl przywigzania (Bowlby, 1982). Lekowy styl przywigzania
charakteryzuje si¢ brakiem poczucia bezpieczenstwa w relacjach interpersonalnych, silng
potrzeba bliskosci a jednocze$nie ciggla obawa o stabilno$¢ relacji i silnym strachem przed
odrzuceniem. Rozwijajace si¢ reakcje obronne prowadza do rozwoju dezadaptacyjnych
zachowan, ktorych celem jest utrzymywania blisko$ci, uwagi 1 wsparcia niezaleznie
od ponoszonych kosztow (Mikulincer i wsp., 2003; Mikulincer i Shaver, 2007). Unikajacy styl
przywiazania zwigzany jest z trudno$ciami w budowaniu bliskich relacji i intymnosci, brakiem
zdolno$ci do regulacji napiecia emocjonalnego poprzez szukanie wsparcia. U o0s6b
z unikajacym stylem przywigzania obserwuje si¢ strategie obronne polegajace na wycofywaniu
si¢ z relacji, emocjonalnym dystansowaniu si¢ od innych i odczuwaniu silnej potrzeby
samodzielnosci (Mikulincer i wsp., 2003; Mikulincer i Shaver, 2007). Podwyzszony poziom
stresu 1 zwickszona wrazliwos¢ na stres uwazane sg za istotny psychospoteczny czynnik ryzyka
rozwoju psychozy. Poziom postrzeganego stresu moze odpowiada¢ poziomowi w jaki dana
osoba postrzega swoja skutecznos$¢ lub bezradno$¢ wobec stresujacych sytuacji zyciowych
(Cohen i wsp., 1983). Dowiedziono, ze osoby stosujgce nicadaptacyjne strategie radzenia sobie
ze stresem moga odbiera¢ neutralne sytuacje jako stresujagce, co zwigksza poziom
postrzeganego przez nie stresu (Ered i wsp., 2017). Wykazano rowniez, ze wyzszy poziom
postrzeganego stresu wiaze si¢ z wicksza czestotliwoscig wystepowania PLEs (Ered 1 wsp.,
2017; Prochwicz i wsp., 2020). Wsréd psychospoltecznych czynnikow zwigzanych
ze zwigkszonym ryzykiem rozwoju psychozy uwage zwracaja takze lgkowy i unikajacy styl
przywiazania. Potwierdzono ich wplyw zaréwno na rozwdj psychozy (Pilton i wsp., 2016;

Sheinbaum i wsp., 2014; Sheinbaum i wsp., 2015; Sitko i wsp., 2014; van Dam i wsp., 2014),
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jak i na rozwoj PLEs w populacji nieklinicznej (Sheinbaum i wsp., 2014; Scheiinbaum i wsp.,
2015; Goodal i wsp., 2015). Z uwagi na fakt, iz o§ PPN jest gtéwnym endogennym ukladem
zaangazowanym w reakcj¢ na stres, prawdopodobnie odgrywa tez posredniczaca role
we wplywie stylu przywigzania na reakcj¢ na stres (Monteleone i wsp., 2008). Istnieja
doniesienia potwierdzajace, iz osoby z lekowym stylem przywigzania maja tendencje
do stosowania bardziej dezadaptacyjnych strategii radzenia sobie ze stresem i sg bardziej
sktonne do odczuwania wyzszego poziomu stresu (Hawkins i wsp., 2007; Li 1 wsp., 2008;
Bayrak i wsp., 2018). Narazenie na stres we wczesnym okresie zycia, pociggajace za sobg
rozregulowanie aktywnosci osi PPN i podwyzszenie dobowego poziomu kortyzolu, ma istotny
wplyw na reakcje na stres w pozniejszym okresie zycia (Heim i wsp., 2008).

Przewlekle podwyzszone stezenie kortyzolu wynikajace z niekorzystnego wpltywu
srodowiska, jakim moze by¢ niezapewniajace bliskosci i prawidlowej opieki rodzicielstwo,
moze wptywaé na funkcjonowanie osi PPN i wigze si¢ z rozwojem niepewnego przywigzania
(Monteleone i wsp., 2008; Brent i wsp., 2014). Dotychczas wykazano, ze lgkowy styl
przywigzania zwigksza ryzyko wystagpienia PLEs u os6b narazonych w dziecinstwie
na niezapewniajace prawidtowej opieki rodzicielstwo (Scheinbaum i wsp., 2004; Sheinbaum
1wsp., 2005). Stwierdzono ponadto, ze zarowno lgkowy styl przywigzania, jak i wysoki poziom
postrzeganego stresu zwigzane s3 z wickszym rozwojem PLEs (Debbane i wsp., 2016; Collip
i wsp., 2013b). Potwierdzono tez wplyw styli przywigzania na nasilenie objawdw
psychotycznych u pacjentow z zaburzeniami ze spektrum schizofrenii, narazonych
na traumatyczne wydarzenia w dziecinstwie (Pilton i wsp., 2016; van Dam i wsp., 2014; Pearce
1 wsp., 2017).
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V. Zalozenia i cele

Cze$¢ pierwsza

Stramecki F., Frydecka D., Misiak B. (2020). The role of the interaction between the FKBP5
gene and stressful life events in the pathophysiology of schizophrenia: A narrative review.
Archives of Psychiatry and Psychotherapy 2020, 22(3):7-16

Celem pracy przegladowej bylo omowienie funkcjonowania osi PPN w zaburzeniach
ze spektrum schizofrenii, przedstawienie roli biatka FKBP5 w patofizjologii psychozy oraz
przyblizenie mechanizmu wptywu genu FKBP5 na rozw6j zaburzen ze spektrum schizofrenii
w odpowiedzi na czynniki $srodowiskowe. Cel osiagni¢to poprzez podsumowanie wynikow
aktualnej literatury naukowej dotyczacej zwigzku pomigdzy genem FKBPS5 a do§wiadczeniem
traumy 1 jego wplywu rozwdj 1 nasilenie prodromalnych objawow psychotycznych
w populacjach nieklinicznych oraz rozwdj i nasilenie objawoéw psychotycznych i zaburzen
funkcji poznawczych w populacjach pacjentow ze spektrum psychozy. Zaproponowano
réwniez kierunek dalszych badan, ktory stat si¢ podstawa do przeprowadzenia badan

wchodzacych w sktad rozprawy doktorskie;j.

Czes¢ druga

Stramecki F., Frydecka D., Gaweda L., Prochwicz K., Ktosowska J., Samochowiec J., Szczygiet
K., Pawlak E., Szmida E., Skiba P., Cechnicki A., Misiak B. (2021). The Impact of the FKBPS5
Gene Polymorphisms on the Relationship between Traumatic Life Events and Psychotic-Like
Experiences in Non-Clinical Adults, Brain Sci. 2021, Apr 28;11(5):561

Dostegpne zrodta wskazuja na znaczenie doswiadczen traumatycznych na rozwdj PLEs
oraz na wptyw poszczegdlnych polimorfizméow genu FKBPS5 na czgstotliwo$¢ wystepowania
inasilenie PLEs w populacji ogoélnej, oraz na nasilenie objawow psychotycznych w schizofrenii
(Green 1 wsp., 2015; Alemany i wsp., 2016; Cristobal-Narvaez i wsp., 2017). Na podstawie
powyzszych zatozen celem drugiej pracy byta ocena wptywu wybranych polimorfizmow genu
FKBP5 na rozwoj PLEs w odpowiedzi na do§wiadczenie wydarzen traumatycznych w okresie

calego zycia.
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Czes$¢ trzecia

Stramecki F., Misiak, B., Gaweda f., Prochwicz K., Ktosowska J., Samochowiec J.,
Samochowiec A., Pawlak E., Szmida E., Skiba P., Cechnicki A., Frydecka D. (2022). The
Moderating Role of the FKBP5 Gene Polymorphisms in the Relationship between Attachment
Style, Perceived Stress and Psychotic-like Experiences in Non-Clinical Young Adults, J. Clin.
Med. 2022, 11(6), 1614

W dotychczas przeprowadzonych badaniach wykazano wplyw lekowego i unikajacego
stylu przywigzania na nasilenie objawow psychotycznych i PLEs u o0s6b narazonych
na traumatyczne wydarzenia w dziecinstwie (Scheinbaum i wsp., 2004; Sheinbaum i1 wsp.,
2005; Pilton i wsp., 2016; van Dam i wsp., 2014; Pearce i wsp., 2017). Stwierdzono réwniez,
ze istnieje pozytywna zalezno$¢ pomiedzy poziomem postrzeganego stresu a rozwojem PLEs
(Turley 1 wsp., 2019; Cristobal-Narvaez i wsp., 2016a; Ered i wsp., 2017). Wczesniejsze
doniesienia potwierdzaty zwigzek genu FKBP5 zardwno ze stylami przywigzania (Borelli
iwsp., 2017; Luijk i wsp., 2010; Mulder i wsp., 2017), jak i ze zwigkszonym ryzykiem rozwoju
PLEs (de Castro-Catala i wsp., 2017; Alemany i wsp., 2011; Ajnakina i wsp., 2014; Cristobal-
Narvéez i wsp., 2016a) w szczegélnosci u o0sob z doswiadczeniami traumatycznymi
w dziecinstwie (Alemany i wsp., 2011; Cristobal-Narvéez i wsp., 2016b; Collip i wsp., 2013).

Celem ostatniej pracy byla ocena zaleznosci pomig¢dzy wybranymi polimorfizmami
genu FKBPS a stylami przywigzania i poziomem postrzeganego stresu w kontekscie rozwoju

PLEs u 0s6b z grupy niekliniczne;j.
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VI. Material i metody pracy

1. Material do badan

Do projektu zostato zrekrutowanych 535 oséb z populacji nieklinicznej w wieku

18-35 lat. Osobami badanymi byli studenci z trzech duzych miast w Polsce (Wroctaw, Szczecin

i Krakow), studiujacy na roznych kierunkach (matematyka, informatyka, pedagogika,

medycyna, pielegniarstwo oraz psychologia). Wszystkie badane osoby byly rasy kaukaskie;.

Uczestnicy nie byli ze soba spokrewnieni. Osoby badane wyrazily §wiadoma zgode na udziat

w badaniu.

1.

2. Metody badan kwestionariuszami

Kwestionariusz Wydarzen Traumatycznych (ang. Traumatic Events Checklist, TEC)
(Nijenhuis 1 wsp., 2002) to samoopisowy kwestionariusz, stuzacy do oceny
doswiadczenia roznych, potencjalnie traumatycznych wydarzen zyciowych. Zawiera 29
pozycji  oceniajacych do$wiadczenie emocjonalnego zaniedbania, zngcania
emocjonalnego 1 fizycznego, zagrozenia zycia, molestowania lub naduzycia
seksualnego. W badaniu wykorzystano polskg wersje kwestionariusza, ktora zostala

przygotowana z uzyciem procedury ttumaczenia zwrotnego.

Kwestionariusz Oceny Doswiadczen Psychotycznych (ang. Prodromal Questionaire,
PQ-16) (Ising 1 wsp., 2012). Kwestionariusz samoopisowy PQ-16 stuzy do oceny
ryzyka  wystapienia  psychozy  poprzez  badanie objawow  podobnych
do psychotycznych. Sktada si¢ z dwoch skal, z ktorych pierwsza ocenia obecno$¢
pozytywnych oraz negatywnych objawow podobnych do psychotycznych, a druga
mierzy wigzacy si¢ z nimi dyskomfort psychiczny. W badaniu wykorzystano polska
wersj¢ kwestionariusza, ktora zostata przygotowana z uzyciem procedury ttumaczenia

Zwrotnego.

Kwestionariusz PAM (ang. Psychosis Attachment Measure (PAM) (Berry 1 wsp., 2008).
Samoopisowy kwestionariusz stuzacy do oceny stylu przywigzania. Sktada si¢ z 16
pozycji mierzacych lgkowy i unikajacy styl przywiazania poprzez ocen¢ przywigzania

do kluczowych os6b w zyciu respondenta. W badaniu uzyto polska wersje
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kwestionariusza (Szpak i1 Biatecka, 2008). W oparciu o uzyskane wyniki, uczestnicy

zostali podzieleni na tych z dominujacym lgkowym stylem przywigzania i innych.

4. Skala Odczuwanego Stresu (ang. Perceived Stress Scale-10 (PSS-10) (Cohen 1 wsp.,
1983). Samoopisowy kwestionariusz sluzacy do mierzenia poziomu postrzeganego
stresu poprzez ocen¢ stopnia, w jakim respondenci uwazaja swoje Zycie
za nieprzewidywalne, niekontrolowane czy przyttaczajace. Sktada si¢ z 10 pozycji
oceniajacych czgstotliwos¢ z jaka respondent do$wiadczat roznych stresujacych
sytuacji w ostatnim miesigcu. Zawiera dwie podskale, z ktorych pierwsza mierzy
poziom poczucia wlasnej skutecznosci, a druga poziom poczucia wtasnej bezradnosci.

W badaniu uzyto polska wersje kwestionariusza.

3. Metody badan genetycznych

Materiat DNA o0s6b bioracych udzial w badaniu zostal pobrany z komoérek nabtonka
policzka za pomoca zestawu prepIT-L2P (DNA Genotec, Ottawa, Kanada). Polimorfizmy
pojedynczego nukleotydu zlokalizowane w genie FKBP5 (rs3800373, rs9470080, rs4713902,
15737054, rs1360780 i 1rs9296158) oznaczono technika dyskryminacji alleli (ang. allelic

discrimination, AD) z wykorzystaniem firmowych zwalidowanych zestawow TaqMan®SNP
Genotyping Assays (kolejno C_ 27489960 10, C 92160 10, C 30559929 10,
C_ 1256778 10, C__ 8852038 10, C__ 1256775 30,) zgodnie z zaleceniami producenta

(ThermoFisher Scientific Inc.).

4. Metody statystyczne

Do oceny zgodno$ci rozkladu genotypow dla badanych polimorfizméw z prawem

Hardy’ego-Weinberga (ang. Hardy-Weinberg Equillibrium, HWE) uzyto testu Xz,

poréwnujacego otrzymane i oczekiwane rozktady genotypoéw. Wspotczynnik korelacji rang
Spearmana zostat wykorzystany celem testowania zaleznosci migdzy zmiennymi ciggltymi. Do
wykonania poréwnan zmiennych ciggtych uzyto testu Manna-Whitneya. Celem wykluczenia
wptywu czynnikéw zaklécajacych na testowane zmienne zalezne korzystano z analizy
kowariancji (ang. analysis of covariance, ANCOVA). Uzyskane wyniki uznawano za istotne
statystycznie, jesli warto$¢ p (ang. p-value) byta nizsza niz 0.05. W przypadku wielokrotnego
testowania uzyto poprawki Benjamina— Hochberga. Porownania post-hoc przeprowadzono

za pomocy testu Gamesa—Howella w przypadku istotnych interakcji. Wszystkie analizy
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statystyczne przeprowadzono przy uzyciu Pakietu Statystycznego dla Nauk Spotecznych (ang.
Statistical Package for Social Sciences, SPSS), wersja 20 (SPSS Inc., Chicago, IL, USA).
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VII. Podsumowanie wynikow i wnioski

1. Podsumowanie wynikow

Cze$¢ pierwsza

Stramecki F., Frydecka D., Misiak B. (2020). The role of the interaction between the FKBP5
gene and stressful life events in the pathophysiology of schizophrenia: A narrative review.
Archives of Psychiatry and Psychotherapy 2020, 22(3):7-16. 3

Wiele dotychczasowych badan wykazato, ze gen FKBPS5 wptywa na podatno$¢ rozwoju
oraz na symptomatologi¢ wielu zaburzen psychicznych u os6b narazonych na niekorzystne
i stresujace wydarzenia zyciowe (Zannas i wsp, 2014; Matosin i wsp., 2018). Z analizy
literatury naukowej wynika, iz poszczegolne polimorfizmy genu FKBPS5 maja znaczacy wptyw
zardwno na rozwoj psychozy i na nasilenie objawow oraz zaburzen funkcji poznawczych
u pacjentow ze schizofrenig (Collip i wsp., 2013a; Mihaljevic i wsp., 2017; Green i wsp., 2015),
a takze na rozwoj i1 nasilenie PLEs w odpowiedzi na do$wiadczenie traumy w okresie
dziecinstwa (Cristobal-Narvéaez i wsp., 2016a; Cristobal-Narvéaez i wsp., 2017). Gen FKBP5
pelni wazng rol¢ w rozwoju i1 przebiegu psychozy w odpowiedzi na przewlekty i ostry stres
poprzez wptywanie na struktur¢ oraz aktywno$¢ rejondw w centralnym uktadzie nerwowym
zwigzanych z hormonalng odpowiedzig na stres (Mihaljevic 1 wsp., 2017; Klengel i wsp., 2013;
Tomassi 1 wsp., 2017). Oznacza to, ze niektore wersje genu FKBPS5 moga zwigkszac¢, a inne
zmniejsza¢ ryzyko rozwoju choroby i by¢ odpowiedzialne za mozliwe zaostrzenia psychozy,
a nawet odpowiedz na leczenie przeciwpsychotyczne.

Z analizy wynikow aktualnej literatury naukowej wynika, ze gen FKBP5 odgrywa
istotng role zarowno w rozwoju 1 nasileniu prodromalnych objawow psychotycznych
w populacjach nieklinicznych, a takze w rozwoju i nasileniu objawow psychotycznych oraz
zaburzen funkcji poznawczych u pacjentow chorujacych na zaburzenia ze spektrum

schizofrenii w odpowiedzi na do§wiadczenie traumy.
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Czes¢ druga

Stramecki F., Frydecka D., Gaweda L., Prochwicz K., Ktosowska J., Samochowiec J., Szczygiet
K., Pawlak E., Szmida E., Skiba P., Cechnicki A., Misiak B. (2021). The Impact of the FKBPS5
Gene Polymorphisms on the Relationship between Traumatic Life Events and Psychotic-Like
Experiences in Non-Clinical Adults, Brain Sci. 2021, Apr 28;11(5):561

Wyniki pierwszej pracy oryginalnej potwierdzaja wczesniejsze wnioski z badan nad
wplywem polimorfizméw genu FKBPS5 na zwiazek migdzy ekspozycja na traumg a ryzykiem
rozwoju psychozy i PLEs. Stwierdzono, Zze doswiadczenie w ciggu zycia naduzy¢ fizycznych
przez osoby bedace homozygotami rs1360780 CC zwigzane byto z wigkszym nasileniem
zglaszanych PLEs. Zalezno$ci tej nie zaobserwowano u nosicielu allelu T rs1360780.
Podobnie, historia naduzy¢ fizycznych byla powigzana z wigkszym nasileniem PLEs w$rod
homozygot rs9296158 GG, ale nie u nosicieli allelu rs9296158 A. Ponadto, zaniedbanie
emocjonalne bylo zwigzane ze znacznie wyzszymi wynikami PQ-16 u nosicieli allelu

T rs737054, w przeciwienstwie do homozygot rs737054 CC.

Czes$¢ trzecia

Stramecki F., Misiak, B., Gaweda f., Prochwicz K., Ktosowska J., Samochowiec J.,
Samochowiec A., Pawlak E., Szmida E., Skiba P., Cechnicki A., Frydecka D. (2022). The
Moderating Role of the FKBP5 Gene Polymorphisms in the Relationship between Attachment
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The role of the interaction between the FKBPS gene
and stressful life events in the pathophysiology
of schizophrenia: A narrative review

Filip Stramecki, Btazej Misiak, Dorota Frydecka

Summary

Stressful life events have been associated with increased risk for development of schizophrenia and play a piv-
otal role in its psychopathology. Genes related to stress response, such as FKBP5 gene associated with hypo-
thalamic—pituitary—adrenal (HPA) axis, modulate brain response to childhood trauma and determine individual
susceptibility for development and course of psychosis. It this review we provide an overview of FKBP5 gene
role in human neurophysiology, its association with HPA axis and its role in stress response system in animals
and humans. Moreover, we took a closer look on the studies showing the interaction between FKBP5 gene
and stressful life events in the pathophysiology of schizophrenia. We explain how interactions between trau-
ma and FKBP5 gene polymorphisms contribute to development of the disease, severity of psychotic symp-
toms and cognitive disturbances. We also discuss epigenetic modifications that may contribute to altered
HPA axis reactivity to stress entailing higher risk for development of psychosis. Considering the pivotal role of
FKBP5 gene in physiopathology of schizophrenia we discuss a possible use of new therapeutic agents that
may influence HPA axis activity related to the FKBP5 protein especially in individuals exposed to early trauma.

FKBP5, gene-environment interaction, schizophrenia, psychosis, childhood trauma

INTRODUCTION

Schizophrenia is a complex mental disorder
with multiple risk factors determining its onset,
course and psychopathology. In the recent years,
the growing body of research on schizophrenia
focuses on gene — environment interactions. This
approach differs from the linear gene-phenotype
models by positioning an important causal role
that is not limited to genetic variability or the en-
vironment as isolated factors, but for their syn-
ergistic influence on schizophrenia origin and
its course (for the review see [1]). There are nu-
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merous environmental factors that have been as-
sociated with schizophrenia, such as childhood
trauma, cannabis use, prenatal maternal infec-
tions and obstetric complications [2-4]. Among
these factors, early life adversity is one of the
most extensively studied social factor associat-
ed with the development of psychosis as shown
by several meta-analytic studies [5-7]. Traumatic
events have been found to be a risk factor for the
development of psychosis either in the general
population (8,9) or in subjects at familial high
risk (10). Moreover, a great body of evidence
shows an influence of traumatic life experiences
on the psychopathology of psychotic disorders
[9,11-15]. It has been repeatedly demonstrated
that a history of childhood trauma results in de-
terioration of cognitive functioning [16-18] exac-
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erbations of the disease and increased intensity
of both positive and negative symptoms [16, 19,
20], as well as higher risk of suicide in patients
suffering from schizophrenia [21-23].

Due to numerous studies on the impact of
stress and trauma on the development and the
course of schizophrenia, the role of the hypotha-
lamic—pituitary—adrenal (HPA) axis, a key sys-
tem in stress response in humans, has also been
investigated [24]. It has been shown that early
life traumatic experiences may provoke a cas-
cade of biological effects resulting in dysregu-
lation of the HPA axis [25, 26] and thus increas-
ing the risk of psychosis. In this line of research,
stress hormones levels have been investigat-
ed as well as their association with schizophre-
nia symptomatology providing mixed results.
In the recent years, more attention has also been
given to genetic polymorphisms and epigenetic
modifications that may contribute to the varia-
bility of HPA axis reactivity to stress in hope to
find more consistent results linking childhood
trauma with the development of psychosis in
later life [27]. In this narrative review, we con-
centrate on one of the genes related to the re-
sponse to stress associated with the HPA axis —
the FKBP5 gene. Firstly, we provide an overview
of the HPA axis alterations observed in schizo-
phrenia and early psychosis. Next, we present
the physiological role of FKBP5 signaling and
its relevance to the pathophysiology of psycho-
sis. Finally, we provide a summary of evidence
and directions for future studies.

2. CHARACTERISTIC OF FKBP5 GENE ROLE
IN HUMAN NEUROPATOPHYSIOLOGY

2.1. HPA axis in schizophrenia

The HPA axis plays an important role in regulat-
ing somatic and brain response to day life stress-
ors and controlling correct functioning of circa-
dian rhythm [28, 29]. Corticotropin releasing
hormone (CRH) secreted by the hypothalamus
stimulates the pituitary to release adrenocortico-
tropin hormone (ACTH) responsible for adrenal
stimulation and secretion of the key glucocorti-
coid hormone — cortisol, which acts by the neg-
ative feedback loop inhibiting CRH and ACTH
release (30). Cortisol acts through its cytoplas-

mic glucocorticoid receptor (GR) that is translo-
cated to the nucleus after its activation. The GR
is acting as a transcription factor which can bind
to specific DNA sequences and thus regulate the
transcriptional response to stress [31]. Altera-
tions in the HPA axis activation have repeated-
ly been observed in schizophrenia [32-34]. One
of recent meta-analyses in this field found ele-
vated cortisol levels in individuals with FEP [35].

Abnormalities in cortisol awakening response
have been demonstrated in individuals at ultra-
high risk of psychosis [36] and schizophrenia
patients as summarized by recent review and
meta-analysis showing blunted response when
compared to healthy controls [37]. One of ear-
ly HPA axis alterations in psychosis is pituitary
enlargement demonstrated in ultra-high risk
individuals, especially those who later devel-
op psychosis [38]. Several studies reported the
dysregulation in diurnal cortisol levels, showing
elevated diurnal and afternoon levels of corti-
sol in schizophrenia patients [39]. The literature
on stress responsivity in schizophrenia is fairly
consistent showing a pattern of blunted corti-
sol levels in response to stressors [40] However,
several factors that may account for cortisol al-
terations in high-risk individuals or those with
overt psychosis should be taken into consider-
ation. These include the phase of illness, chro-
nicity, environmental factors, stress vulnerabil-
ity, medication effects and clinical history (for
review see [41]).

Dysregulation of HPA axis plays an impor-
tant role in the psychopathology of schizophre-
nia. It has been demonstrated that elevated af-
ternoon cortisol level positively correlates with
worse cognitive functioning in patients with
FEP, causing an impairment in memory perfor-
mance across various domains, such as work-
ing memory, delayed memory, short-term verbal
memory and memory recall [42]. Similar results
were obtained in chronic schizophrenia patients,
showing a negative correlation between basal
cortisol level and cognitive performance [43].
Cortisol level may also impact a symptomat-
ic severity. It has been reported that increased
salivary cortisol level positively correlates with
negative symptoms severity [44]. Positive and
disorganized symptoms have been found to be
greater in patients with higher basal cortisol lev-
el [43].

Archives of Psychiatry and Psychotherapy, 2020; 3: 7-16



The role of the interaction between the FKBP5 gene and stressful life events 9

2.2 The role of FKBP5 gene in stress response

The FKBP5 gene, located on the chromosome
6p21, encodes the FK-506 binding protein, which
is a co-chaperone of the hsp90 heat shock pro-
tein that regulates GR sensitivity to its ligand
— cortisol [45]. The complex formed when the
FKBP5 protein is combined with the GR has
a lower affinity for cortisol entailing repressed
nuclear translocation (Figure 1) [46, 47]. None-
theless, stress and thus cortisol by itself are re-
sponsible for strong upregulation of the FKBP5
gene, diminishing the GR activity by a FKBP5
protein bounded to the GR complex. Higher lev-
els of FKBP5 protein lead eventually to reduced
sensitivity of the GR to cortisol, causing dimin-
ished negative feedback regulation of the HPA
axis. Hence, the stress response is unusually pro-
longed because it takes longer to reduce cortisol
secretion [45].

There is evidence that the FKBP5 gene single
nucleotide polymorphism (SNP) (rs1360870)
is associated with hippocampal structure and

function, resulting in greater spatial displace-
ment of hippocampus entailing attention bias
for perceived threat for TT/TC vs CC genotypes
[48]. Moreover, in the study looking into the in-
teraction between childhood maltreatment and
several FKBP5 SNPs it has been shown that two
FKBP5 variants (rs9470080 and rs9394309) af-
fect threat-related amygdala reactivity in the in-
dividuals exposed to childhood emotional ne-
glect [49]. There is also a report showing that
the interaction between the FKBP5 gene SNPs
(rs9296158, rs4713016) and trauma has influence
on cortisol levels in individuals from the gen-
eral population [50]. Moreover, a significant in-
teraction between FKBP5 gene SNP (rs1360780)
and childhood maltreatment has been reported
to influence cortisol response to stress [51]. Thus,
the FKBP5 gene can be considered as a candi-
date gene for the studies looking into gene-en-
vironment interactions, especially in the context
of stressful life experiences, as well as a molecu-
lar risk and resilience factor of different psychi-
atric disorders.

Figure 1 - Functional diagram of the glucocorticoid receptor complex, based on (45) — GR — glucocorticoid receptor,
hsp90 — heat shock protein 90. Complex formed by GR and cortisol enhances expression of FKBP5 protein. When cortisol is
bound to GR, FKBP5 is exchanged against FKBP4 which binds dynein, what enables nuclear translocation of GR-complex
and binding to DNA contributing to increased FKBP5 transcription.
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10 Filip Stramecki et al.

2.3 Animal model studies on FKBP5 gene
and HPA axis

The influence of the FKBP5 gene on the develop-
ment of psychiatric symptoms after exposure to
trauma has been shown in animal model studies
[51]. Corticosterone or dexamethasone supply,
restrained stress and food deprivation in mice
have been found to result in increased FKBP5
expression in the hippocampus, paraventricular
nucleus and central amygdala [53, 54]. Chronic
stress in mice may also result in higher FKBP5
expression in the dorsal and ventral hippocam-
pus, enhancing dysregulation of the HPA axis
activity [55]. This has been further supported by
research showing an increase FKBP5 expression
in ventral hippocampus and prefrontal cortex
in response to chronic mild stress in rats [56].
Indeed, stress-induced overexpression of the
FKBP5 gene has been associated with a decrease
in active stress coping behaviors in mice. More-
over, it has been observed that depletion of the
FKBP5 gene in mice results in reduced HPA axis
activity, increase in active coping style strategy
and diminished response to acute stress, mak-
ing FKBP5-knockout mice more resilient to acute
and chronic stress [57-59]. Repeated unpredict-
able stress in mice contributes to downregula-
tion of the FKBP5 in hypothalamus, lower plas-
ma level of ACTH and corticosterone and de-
creased hippocampal volume [60]. These chang-
es contribute to blunted HPA axis activity and
result in increased use of passive coping strat-
egies, anxiety and deficit in weight gain [60].
Stress-induced overexpression of FKBP5 in the
prefrontal cortex, hippocampus and hypothala-
mus has been demonstrated to result in the de-
velopment of anxiety-like behaviors in mice ex-
posed to stressful environment in early life [61].

3. FKBP5 AND SCHIZOPHRENIA

3.1. FKBP5 gene expression
in schizophrenia

The FKBP5 gene expression differs among pa-
tients with schizophrenia and healthy indi-
viduals. Higher peripheral FKBP5 mRNA lev-
els have been observed in people with schiz-
ophrenia when compared to healthy controls
[62]. Interestingly, the same study did not ob-

serve analogous differences between patients
with schizoaffective disorder and healthy con-
trol subjects. Sinclair et al. [63] analyzed 8 SNPs
in patients with schizophrenia and revealed in-
creased expression of FKBP5 mRNA in dorso-
lateral prefrontal cortex in the brains of patients
with schizophrenia when compared to healthy
control subjects. Increased FKBP5 expression in
the hippocampus has been reported in brains of
patients with schizophrenia [64]. Thus, altered
FKBP5 expression may be associated with the
impairment of the HPA axis regulation. It has
also been reported that the lowest gene expres-
sion of the FKBP5 mRNA occurs in school-age
individuals and rises after adolescence [65].
In turn, the peak of the GR protein levels and
the neuronal GR expression coincides with ad-
olescent period [66]. This discrepancy might
account for increased sensitivity to stress and
greater vulnerability to develop psychosis in re-
sponse to trauma in young adults. There is how-
ever one study that failed to find altered expres-
sion of FKBP5 gene in the brains of patients with
schizophrenia [67]. Increased FKBP5 mRNA ex-
pression has also been reported in individuals
with major depressive disorder with coexisting
psychosis [68].

3.2. Interaction between trauma and FKBP5 gene
polymorphisms with the risk of schizophrenia

Individual gene variations resulting in different
GR sensitivity to cortisol cause different body
and brain response to stressful situations en-
tailing different susceptibility to development
of schizophrenia [69]. Increased risk of schizo-
phrenia development has been observed in car-
riers of risk G allele in rs3800373 SNP of FKBP5
gene after accounting for childhood trauma [69].
Similarly, a high genetic influence of risk A allele
of 1s9296158 on schizophrenia development has
been observed after inclusion the childhood ad-
versity as the confounding factor [69].

3.3 PSYCHOTIC SYMPTOMS

The influence of different SNPs of the FKBP5
gene on the course and psychopathology of
schizophrenia has been widely studied (2,69-
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71). The SNP rs1360780 (risk allele C) has been
found to be associated with development of psy-
chosis after adjustment for traumatic environ-
mental factor — parental separation in the child-
hood [70]. Interestingly, the study obtained the
same results for cannabis use showing that this
common SNP increases the risk of psychosis de-
velopment in marijuana users [70]. The FKBP5
polymorphism can influence the severity of psy-
chotic symptoms in patients with schizophrenia
previously exposed to traumatic life events. Col-
lip and coauthors have shown that schizophre-
nia patients who carry a SNP rs9296158 risk A
allele are more likely to develop severe psychot-
ic symptoms [50]. Nevertheless, the influence of
FKBP5 on psychotic experiences can also be ob-
served in the general population and the FKBP5
gene has been shown to impact an intensity of
subclinical psychosis [72]. Two studies have
shown that healthy individuals who are TT ho-
mozygotes of rs1360780 SNP are more vulner-
able to the psychosis-inducing effects of child-
hood trauma when compared to CC homozy-
gotes [50,73]. The T allele of SNP rs1360780 and
A alleles for SNPs 1s9296158 and rs1043805 in-
teracting with childhood trauma have been in-
dicated as significant risk factors of subclini-
cal psychosis in general twin population [50].
In the group of unaffected siblings of patients
with psychotic disorder the positive correlation
between level of positive schizotypy and trau-
ma in carriers of SNPs rs1043805/rs992105 (risk
C allele) and SNP rs4713916 (risk A allele) has
been observed (50). In turn, risk haplotype CATT
of the FKBP5 gene (SNPs rs3800373, rs9296158,
rs1360780 and rs4470080) has been found to be
responsible for development and intensity of
psychotic experiences in an early psychosis in-
dividuals exposed to childhood trauma in the
past [72].

3.4 Effects of interaction between the FKB5
gene polymorphisms and trauma on cognitive
performance in schizophrenia

It has been demonstrated that a common var-
iation in the FKBP5 gene (rs1360780) interacts
with childhood trauma to negatively affect cog-
nitive performance, especially in the domain of
attention in both patients with schizophrenia
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and healthy controls [74]. This effect was most
significant for the CC homozygotes. In turn, the
TT homozygotes showed significantly worse
general neuropsychological functioning in the
group of patients with schizophrenia, indepen-
dently from previous trauma exposure. This re-
lationship has also been examined for the FKBP5
rs3800373 SNP; however, the study did not ob-
tain results supporting its influence on cogni-
tive performance neither in schizophrenia pa-
tients nor in healthy controls [75]. Nevertheless,
the authors did not record a history of child-
hood trauma, which could have influenced
the relationship between FKBP5 and cognition.
The FKBP5 rs9296158, rs4713916, rs992105 and
rs3800373 SNPs have been found to be irrele-
vant in the association between childhood trau-
ma and cognitive functioning in patients with
psychotic disorder [76]. In turn, it has been ob-
served that the FKBP5 rs4713902 SNP signifi-
cantly influences IQ levels in healthy controls,
but not in patients with schizophrenia [74]. In-
terestingly, childhood trauma has been reported
to enhance this interaction contributing to lower
IQ scores in individuals who experienced mal-
treatment in early life [74].

4. FKBP5 METHYLATION STATUS
AND PSYCHOSIS.

Epigenetic mechanisms have been shown to un-
derlie the effects of environmental exposures on
DNA expression, being possibly responsible for
the relationship between childhood trauma and
the development of psychosis [77]. Lower meth-
ylation status has been observed in patients with
first-episode psychosis reporting traumatic ex-
periences [78]. Considering the relationship be-
tween trauma and the FKBP5 gene, the level of
methylation of this gene in the population of
patients with childhood trauma experience has
also been examined. Is has been observed that
the level of physical and emotional abuse is neg-
atively correlated with the methylation level of
the FKBP5 gene [79]. Interestingly, the correla-
tion has been observed in the risk A allele carries
of the rs1360780 polymorphism but not in the
protective G allele, independently of heterozy-
gosity of the allele [79]. Similar results have been
obtained in the animal model study, showing



12 Filip Stramecki et al.

that increased and chronic corticosterone sup-
ply is positively correlated with decreased meth-
ylation of the FKBP5 gene in the hippocampus
and the hypothalamus in mice (54). Moreover, it
has been demonstrated that childhood trauma-
induced hypo-methylation in the promoter re-
gion of the FKBP5 gene results in increased gene
transcription entailing down-regulation of the
GR complex [79 80]. Decrease in DNA methyla-
tion status has been found in children exposed
to trauma, especially to physical and or sexual
abuse [79, 80]. This epigenetic mechanism may
provoke dysregulation of the stress hormone
system leading to psychosis development [81].

5. CONCLUSIONS

Epidemiological studies show that both genet-
ic and environmental factors, particularly ex-
posure to stressful life events, contribute to the
development of psychiatric disorders. Of spe-
cial interest for future studies are genes that
have been shown to modulate stress response
through the influence on the HPA axis reactivi-
ty. One of such genes is the FKBP5 gene encod-
ing protein that is stress responsive [82]. Numer-
ous studies have shown that FKBP5 gene affects
the susceptibility and symptomatology of many
psychiatric disorders by interacting with life ad-
versities and stressful life events, mainly post-
traumatic stress disorder (PTSD), anxiety dis-
orders, substance abuse disorders and depres-
sion [83]. There have been 31 independent stud-
ies comprising over thirty thousand individuals
investigating interaction of FKBP5 with life ad-
versities with the majority of these studies show-
ing significant interactive effect of early trauma
and higher risk of psychopathology (for the re-
view see [84]).

It has been demonstrated that particular
FKBP5 gene polymorphisms have significant
influence on the development of psychosis, se-
verity of symptoms and the level of cognitive
impairment in patients with schizophrenia [50,
69, 85]. Moreover, genetic polymorphisms of the
FKBP5 have also been reported to affect the lev-
el of psychotic-like experiences in non-clinical
population [72]. Bullying, neglect and abuse in
childhood have been associated with the devel-
opment of psychotic-like, negative-like and par-

anoid symptoms in young adults [86], which is
in line with still growing body of research ex-
amining the impact of early life traumatic ex-
periences on the development of psychosis. The
FKBP5 gene plays an important role in devel-
opment of psychosis and the course of schizo-
phrenia in response to chronic and acute stress
by altering the structure or activity of brain re-
gions related to stress hormone system [10, 69,
79]. Thus, several variants of this gene may both
enhance or diminish the risk of illness and be
responsible for possible exacerbations of psy-
chosis and response to treatment in schizophre-
nia. Knowing the level of the risk could provide
grounds for personalized care and prevention in
subjects at risk of psychosis.

Taking into the consideration the body of
studies supporting the pivotal role of the FKBP5
in the pathophysiology of psychotic disorders,
especially in individuals exposed to early trau-
ma, future studies could focus on possible phar-
macotherapeutic agents that may influence GR
activity related to the FKBP5 protein. Sever-
al studies proposed that compounds with the
activity of interacting with the FKBP506-bind-
ing protein could be helpful in the treatment
of stress-related disorders [83, 87, 88]. Animal
model studies show that administration of se-
lective inhibitor of the FKBP506-binding pro-
tein via microinjections to adrenal gland or in-
traperitoneal injections results in both reduc-
tion of anxiety-related behaviors and increase
in active coping behaviors in mice [89, 90].
In turn, intra-amygdala injection of neuropsin,
which is a serine protease involved in the regu-
lation of the FKBP5 gene expression, results in
enhanced resilience to stress exposure in mice
[91]. To date, no similar research has been per-
formed on humans, and no study has examined
the influence of above-mentioned novel agents
on the severity of psychotic symptoms. How-
ever, considering the strong association of the
FKBP5 gene with stress-related disorders, this
tield should remain open for future experimen-
tal studies. According to relatively low number
of studies examining the relationship between
the FKBP5 gene, trauma experience and their
influence on the development of preclinical
psychotic experiences more studies are need-
ed to verify current findings and empower pos-
sible therapeutic strategies. However, several
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limitations of previous studies need to be tak-
en into account. These include low sample size
and a lack of considering timing of exposure.
Indeed, it has been recommended that sample
size required to detect interactions should be at
least four times higher compared to sample siz-
es of studies that aim to detect main effects of
comparable magnitude [2, 92]. Timing of expo-
sure might be of great importance for a history
of childhood trauma, which is recorded under
the age of 17-18 years by the majority of self-re-
ports. At least theoretically, this broad definition
may create latent confounding related to attri-
bution of silent stressful experiences to psychot-
ic outcomes [93]. Moreover, there is evidence
that simple models might be insufficient to ad-
dress gene x environment interactions in psy-
chosis [94]. Indeed, early-life stress might also
be a pre-requisite for various psychological pro-
cesses, such as ineffective stress coping, cogni-
tive biases and self-disturbances that make in-
dividuals more prone to develop psychotic-like
experience or overt psychotic symptoms. Final-
ly, longitudinal studies are also required to un-
derstand causal associations between the FKBP5
gene, early-life stress and psychosis.

REFERENCES:

1. Van Os J, Rutten BPF, Poulton R. Gene-environment inter-
actions in schizophrenia: Review of epidemiological find-
ings and future directions. Schizophrenia Bulletin. 2008
Nov;34(6):1066-82

2. Misiak B, Stramecki F, Gaweda t, Prochwicz K, Sasiadek
MM, Moustafa AA, et al. Interactions Between Variation in
Candidate Genes and Environmental Factors in the Etiol-
ogy of Schizophrenia and Bipolar Disorder: a Systemat-
ic Review. Molecular Neurobiology. 2018 Jun;55(6):5075-
5100.

3. Tsuang M. Schizophrenia: Genes and environment. Biolog-
ical Psychiatry. 2000 Feb 1;47(3):210-20.

4. Brown AS. The environment and susceptibility to schizo-
phrenia. Progress in Neurobiology. 2011 Jan;93(1):23-58

5. Kraan T, Velthorst E, Smit F, de Haan L, van der Gaag M.
Trauma and recent life events in individuals at ultra high
risk for psychosis: Review and meta-analysis. Schizophre-
nia Research. 2015 Feb;161(2-3):143-9

6. Varese F, Smeets F, Drukker M, Lieverse R, Lataster T,
Viechtbauer W, et al. Childhood adversities increase the
risk of psychosis: A meta-analysis of patient-control, pro-
spective-and cross-sectional cohort studies. Schizophr Bull.
2012 Jun;38(4):661-71

Archives of Psychiatry and Psychotherapy, 2020; 3: 7-16

7.

1.

15.

Matheson SL, Shepherd AM, Pinchbeck RM, Laurens KR,
Carr VJ. Childhood adversity in schizophrenia: A system-
atic meta-analysis. Psychol Med. 2013 Feb;43(2):225-38.

. Baudin G, Szoke A, Richard JR, Pelissolo A, Leboyer M,

Schiirhoff F. Childhood trauma and psychosis: Beyond the
association. Child Abus Negl. 2017 Oct;72:227-235.

. Misiak B, Krefft M, Bielawski T, Moustafa AA, Sasiadek MM,

Frydecka D. Toward a unified theory of childhood trauma
and psychosis: A comprehensive review of epidemiological,
clinical, neuropsychological and biological findings. Neuro-
science and Biobehavioral Reviews. 2017 Apr;75:393-406

. Tomassi S, Tosato S. Epigenetics and gene expression

profile in first-episode psychosis: The role of childhood
trauma. Neuroscience and Biobehavioral Reviews. 2017
Dec;83:226-237.

Day R, Nielsen JA, Korten A, Emberg G, Dube KC, Gebhart
J, et al. Stressful life events preceding the acute onset of

schizophrenia: A cross-national study from the World Health
Organization. Cult Med Psychiatry. 1987 Jun;11(2):123-205

. Van Os J, Kenis G, Rutten BPF. The environment and

schizophrenia. Nature. 2010 Nov 11;468(7321):203-12

. Cancel A, Comte M, Boutet C, Schneider FC, Rousseau

PF, Boukezzi S, et al. Childhood trauma and emotional pro-
cessing circuits in schizophrenia: A functional connectivity
study. Schizophr Res. 2017 Jun;184:69-72.

. Dauvermann MR, Donohoe G. The role of childhood trau-

ma in cognitive performance in schizophrenia and bipolar
disorder — A systematic review. Schizophrenia Research:
Cognition. 2019 Dec 11;16:1-11

Fusar-Poli P, Rutigliano G, Stahl D, Davies C, De Micheli A,
Ramella-Cravaro V, et al. Long-term validity of the At Risk
Mental State (ARMS) for predicting psychotic and non-psy-
chotic mental disorders. Eur Psychiatry. 2017 May;42:49-54.;

. Schenkel LS, Spaulding WD, DiLillo D, Silverstein SM.

Histories of childhood maltreatment in schizophrenia: Re-
lationships with premorbid functioning, symptomatology,
and cognitive deficits. Schizophr Res. 2005 Jul 15;76(2-
3):273-86

. Shannon C, Douse K, McCusker C, Feeney L, Barrett S,

Mulholland C. The association between childhood trauma
and memory functioning in schizophrenia. Schizophr Bull.
2011 May;37(3):531-7.

. Paul H. Lysaker PD, Piper S. Meyer MS, Jovier D. Ev-

ans PD, Catherine A. Clements MS, Kriscinda A. Marks
MS. Childhood Sexual Trauma and Psychosocial Func-
tioning in Adults With Schizophrenia. Psychiatr Serv. 2001
Nov;52(11):1485-8.

. Bailey T, Alvarez-Jimenez M, Garcia-Sanchez AM, Hulbert

C, Barlow E, Bendall S. Childhood trauma is associated
with severity of hallucinations and delusions in psychotic
disorders: A systematic review and meta-analysis. Schizo-
phr Bull. 2018 Aug 20;44(5):1111-1122.



14

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Filip Stramecki et al.

Carrilho CG, Cougo SS, Bombassaro T, Varella AAB, Alves
GS, Machado S, et al. Early trauma and cognitive functions
of patients with schizophrenia. Front Psychiatry. 2019 Apr
18;10:261

Kilicaslan EE, Esen AT, Kasal MI, Ozelci E, Boysan M,
Gulec M. Childhood trauma, depression, and sleep quality
and their association with psychotic symptoms and suici-
dality in schizophrenia. Psychiatry Res. 2017 Dec;258:557-
564.

Xie P, Wu K, Zheng Y, Guo Y, Yang Y, He J, et al. Preva-
lence of childhood trauma and correlations between child-
hood trauma, suicidal ideation, and social support in pa-
tients with depression, bipolar disorder, and schizophrenia
in southern China. J Affect Disord. 2018 Mar 1;228:41-48

Mohammadzadeh A, Azadi S, King S, Khosravani V, Shar-
ifi Bastan F. Childhood trauma and the likelihood of in-
creased suicidal risk in schizophrenia. Psychiatry Res.
2019 May;275:100-107

Ryan MCM, Sharifi N, Condren R, Thakore JH. Evidence
of basal pituitary-adrenal overactivity in first episode, drug
naive patients with schizophrenia. Psychoneuroendocrinol-
ogy. 2004 Sep;29(8):1065-70.

Van Winkel R, Henquet C, Rosa A, Papiol S, Fafianas L,
De Hert M, et al. Evidence that the COMTVal158Met poly-
morphism moderates sensitivity to stress in psychosis: An
experience-sampling study. Am J Med Genet Part B Neu-
ropsychiatr Genet. 2008 Jan 5;147B(1):10-7.

Van Winkel R, Stefanis NC, Myin-Germeys I. Psychosocial
stress and psychosis. A review of the neurobiological mech-
anisms and the evidence for gene-stress interaction. Schiz-
ophrenia Bulletin. 2008 Nov;34(6):1095-105

Borges S, Gayer-Anderson C, Mondelli V. A systematic re-
view of the activity of the hypothalamic-pituitary-adrenal
axis in first episode psychosis. Psychoneuroendocrinolo-
gy- 2013 May;38(5):603-11

Watson S, Mackin P. HPA axis function in mood disorders.
Psychiatry. 2009, Mar;8(3):97-101.

Spiga F, Walker JJ, Terry JR, Lightman SL. HPA axis-
rhythms. Compr Physiol. 2014 Jul;4(3):1273-98

Schatzberg AF, Lindley S. Glucocorticoid antagonists in
neuropsychotic disorders. European Journal of Pharma-
cology. 2008 Jan; 583(2-3): 358-364

De Kloet ER, Joéls M, Holsboer F. Stress and the brain:
From adaptation to disease. Nature Reviews Neuroscience.
2005 Jul; 6(6):463-75

Takahashi T, Higuchi Y, Komori Y, Nishiyama S, Takayanagi
Y, Sasabayashi D, et al. Pituitary volume and socio-cogni-
tive functions in individuals at risk of psychosis and patients
with schizophrenia. Front Psychiatry. 2018 Nov 9;9:574.

Corcoran C, Walker E, Huot R, Mittal V, Tessner K, Kestler
L, et al. The Stress Cascade and Schizophrenia: Etiology
and Onset. In: Schizophrenia Bulletin. 2003, 29(4):671-92.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Bradley AJ, Dinan TG. A systematic review of hypothalam-
ic-pituitary-adrenal axis function in schizophrenia: implica-
tions for mortality. Journal of psychopharmacology (Oxford,
England). 2010, Nov;24(4 Suppl):91-118.

Hubbard DB, Miller BJ. Meta-analysis of blood cortisol lev-
els in individuals with first-episode psychosis. Psychoneu-
roendocrinology. 2019 Jun;104:269-275

Day FL, Valmaggia LR, Mondelli V, Papadopoulos A, Pa-
padopoulos I, Pariante CM, et al. Blunted Cortisol Awak-
ening Response in People at Ultra High Risk of Develop-
ing Psychosis. Schizophr Res. 2014 Sep;158(1-3):25-31.

Berger M, Kraeuter AK, Romanik D, Malouf P, Amminger
GP, Sarnyai Z. Cortisol awakening response in patients with
psychosis; Systematic review and meta-analysis. Neurosci-
ence and Biobehavioral Reviews. 2016 Sep;68:157-166

Saunders TS, Mondelli V, Cullen AE. Pituitary volume in in-
dividuals at elevated risk for psychosis: A systematic review
and meta-analysis. Schizophr Res. 2019 Nov;213:23-31.

Girshkin L, Matheson SL, Shepherd AM, Green MJ. Morn-
ing cortisol levels in schizophrenia and bipolar disor-
der: A meta-analysis. Psychoneuroendocrinology. 2014 ;
Nov;49:187-206

Zorn J V., Schir RR, Boks MP, Kahn RS, Joéls M, Vinkers
CH. Cortisol stress reactivity across psychiatric disorders:
A systematic review and meta-analysis. Psychoneuroen-
docrinology. 2017 Mar;77:25-36.

Carol EE, Mittal VA. Resting cortisol level, self-concept,
and putative familial environment in adolescents at ultra
high-risk for psychotic disorders. Psychoneuroendocrinol-
ogy. 2015 Jul;57:26-36

Havelka D, Prikrylova-Kucerova H, Prikryl R, Ceskova E.
Cognitive impairment and cortisol levels in first-episode
schizophrenia patients. Stress. 2016; Jul;19(4):383-9

Walder DJ, Walker EF, Lewine RJ. Cognitive functioning,
cortisol release, and symptom severity in patients with
schizophrenia. Biol Psychiatry. 2000 Dec 15;48(12):1121-
32.

Peng R, Li Y. Association among serum cortisol, dehydroe-
piandrosterone-sulfate levels and psychiatric symptoms in
men with chronic schizophrenia. Compr Psychiatry. 2017
Jul;76:113-118.

Binder EB. The role of FKBP5, a co-chaperone of the glu-
cocorticoid receptor in the pathogenesis and therapy of af-
fective and anxiety disorders. Psychoneuroendocrinology.
2009 Dec;34 Suppl 1:5186-95

Wochnik GM, Riiegg J, Abel GA, Schmidt U, Holsboer F,
Rein T. FK506-binding proteins 51 and 52 differentially reg-
ulate dynein interaction and nuclear translocation of the
glucocorticoid receptor in mammalian cells. J Biol Chem.
2005 Feb 11;280(6):4609-16

Scammell JG, Denny WB, Valentine DL, Smiths DF. Over-
expression of the FK506-binding immunophilin FKBP51

Archives of Psychiatry and Psychotherapy, 2020; 3: 7-16



48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Archives of Psychiatry and Psychotherapy, 2020; 3: 7-16

The role of the interaction between the FKBP5 gene and stressful life events 15

is the common cause of glucocorticoid resistance in
three New World primates. Gen Comp Endocrinol. 2001
Nov;124(2):152-65

Fani N, Gutman D, Tone EB, Aimli L, Mercer KB, Davis J,
et al. FKBP5 and attention bias for threat: associations with
hippocampal function and shape. JAMA psychiatry. 2013
Apr;70(4):392-400.

White MG, Bogdan R, Fisher PM, Mufioz KE, Williamson
DE, Hariri AR. FKBP5 and emotional neglect interact to pre-
dict individual differences in amygdala reactivity. Genes,
Brain Behav. 2012; Oct;11(7):869-78.

Collip D, Myin-Germeys I, Wichers M, Jacobs N, Derom C,
Thiery E, et al. FKBPS5 as a possible moderator of the psy-
chosis-inducing effects of childhood trauma. Br J Psychia-
try. 2013 Apr;202(4):261-8

Buchmann AF, Holz N, Boecker R, Blomeyer D, Rietschel
M, Witt SH, et al. Moderating role of FKBP5 genotype in
the impact of childhood adversity on cortisol stress re-
sponse during adulthood. Eur Neuropsychopharmacol.
2014 Jun;24(6):837-45

Criado-Marrero M, Rein T, Binder EB, Porter JT, Kor-
en J, Blair LJ. Hsp90 and FKBP51: Complex regula-
tors of psychiatric diseases. Philosophical Transactions
of the Royal Society B: Biological Sciences. 2018 Jan
19;373(1738):20160532

Scharf SH, Liebl C, Binder EB, Schmidt M V., Miiller MB.
Expression and regulation of the Fkbp5 gene in the adult
mouse brain. PLoS One. 2011 Feb 9;6(2):16883

Lee RS, Tamashiro KLK, Yang X, Purcell RH, Harvey
A, Willour VL, et al. Chronic corticosterone exposure in-
creases expression and decreases deoxyribonucleic
acid methylation of Fkbp5 in mice. Endocrinology. 2010
Sep;151(9):4332-43

Wagner K V., Marinescu D, Hartmann J, Wang XD, La-
bermaier C, Scharf SH, et al. Differences in FKBP51
regulation following chronic social defeat stress corre-
late with individual stress sensitivity: Influence of par-
oxetine treatment. Neuropsychopharmacology. 2012;
Dec;37(13):2797-808.

Guidotti G, Calabrese F, Anacker C, Racagni G, Pariante
CM, Riva MA. Glucocorticoid receptor and fkbp5 expres-
sion is altered following exposure to chronic stress: Modu-
lation by antidepressant treatment. Neuropsychopharma-
cology. 2013 Mar;38(4):616-27

Touma C, Gassen NC, Herrmann L, Cheung-Flynn J, Bl
DR, lonescu IA, et al. FK506 binding protein 5 shapes
stress responsiveness; Modulation of neuroendocrine re-
activity and coping behavior. Biol Psychiatry. 2011 Nov
15;70(10):928-36

Hoeijmakers L, Harbich D, Schmid B, Lucassen PJ, Wag-
ner K'V., Schmidt M V., et al. Depletion of FKBP51 in fe-
male mice shapes HPA axis activity. PLoS One. 2014 Apr
23;9(4):€95796.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Hartmann J, Wagner K V., Liebl C, Scharf SH, Wang XD,
Wolf M, et al. The involvement of FK506-binding protein 51
(FKBPS) in the behavioral and neuroendocrine effects of
chronic social defeat stress. In: Neuropharmacology. 2012
Jan;62(1):332-9.

Algamal M, Ojo JO, Lungmus CP, Muza P, Cammarata C,
Owens MJ, et al. Chronic hippocampal abnormalities and
blunted HPA axis in an animal model of repeated unpre-
dictable stress. Front Behav Neurosci. 2018 Jul 20;12:150.

Ke X, Fu Q, Majnik A, Cohen S, Liu Q, Lane RH. Adverse
early life environment induces anxiety-like behavior and
increases expression of FKBP5 mRNA splice variants in
mouse brain. Physiol Genomics. 2018 Nov 1;50(11):973-
981.

Lee CH, Sinclair D, O'Donnell M, Galletly C, Liu D, Weickert
CS, et al. Transcriptional changes in the stress pathway are
related to symptoms in schizophrenia and to mood in schiz-
oaffective disorder. Schizophr Res. 2019 Nov;213:87-95

Sinclair D, Fillman SG, Webster MJ, Weickert CS. Dysreg-
ulation of glucocorticoid receptor co-factors FKBP5, BAG1
and PTGESS3 in prefrontal cortex in psychotic illness. Sci
Rep. 2013 Dec 18;3:3539

Darby MM, Yolken RH, Sabunciyan S. Consistently altered
expression of gene sets in postmortem brains of individu-
als with major psychiatric disorders. Transl Psychiatry. 2016
Sep 13;6(9):e890.

Shannon Weickert C, Webster MJ, Boerrigter D, Sinclair
D. FKBP5 Messenger RNA Increases After Adolescence
in Human Dorsolateral Prefrontal Cortex. Biological Psy-
chiatry. 2016 Sep 1;80(5):€29-31

Sinclair D, Webster MJ, Wong J, Weickert CS. Dynamic
molecular and anatomical changes in the glucocorticoid
receptor in human cortical development. Mol Psychiatry.
2011 May;16(5):504-15

Mamdani F, Rollins B, Morgan L, Myers RM, Barchas JD,
Schatzberg AF, et al. Variable telomere length across post-
mortem human brain regions and specific reduction in the
hippocampus of major depressive disorder. Transl Psychi-
atry. 2015 Sep 15;5(9):e636

Tatro ET, Everall IP, Masliah E, Hult BJ, Lucero G, Chana
G, et al. Differential expression of immunophilins FKBP51
and FKBP52 in the frontal cortex of HIV-infected patients
with major depressive disorder. J Neuroimmune Pharma-
col. 2009 Jun;4(2):218-26

Mihaljevic M, Zeljic K, Soldatovic I, Andric S, Mirjanic T,
Richards A, et al. The emerging role of the FKBP5 gene
polymorphisms in vulnerability—stress model of schizophre-
nia: further evidence from a Serbian population. Eur Arch
Psychiatry Clin Neurosci. 2017 Sep;267(6):527-539
Ajnakina O, Borges S, Di Forti M, Patel Y, Xu X, Green P,
et al. Role of Environmental Confounding in the Associa-

tion between FKBPS and First-Episode Psychosis. Front
Psychiatry. 2014 Jul 17;5:84



16

7.

2.

73.

74.

75.

76.

7.

78.

79.

80.

81.

Filip Stramecki et al.

de Castro-Catala M, Pefia E, Kwapil TR, Papiol S, Shein-
baum T, Cristébal-Narvéez P, et al. Interaction between
FKBP5 gene and childhood trauma on psychosis, depres-
sion and anxiety symptoms in a non-clinical sample. Psy-
choneuroendocrinology. 2017 Nov;85:200-209.

Cristobal-Narvéez P, Sheinbaum T, Myin-Germeys |, Kwapil
TR, de Castro-Catala M, Dominguez-Martinez T, et al. The
role of stress-regulation genes in moderating the associ-
ation of stress and daily-life psychotic experiences. Acta
Psychiatr Scand. 2017 Oct;136(4):389-399

Alemany S, Moya J, Ibafiez MI, Villa H, Mezquita L, Ortet
G, et al. Research Letter: Childhood trauma and the
rs1360780 SNP of FKBP5 gene in psychosis: A replication
in two general population samples. Psychological Medicine.
2016, Jan;46(1):221-3

Green MJ, Raudino A, Cairns MJ, Wu J, Tooney PA, Scott
RJ, et al. Do common genotypes of FK506 binding protein
5 (FKBP5) moderate the effects of childhood maltreatment
on cognition in schizophrenia and healthy controls? J Psy-
chiatr Res 2015, Nov;70:9-17

Memic A, Streit F, Hasandedic L, Witt SH, Strohmaier J, Ri-
etschel M, et al. Neurocognitive Endophenotypes of Schiz-
ophrenia and Bipolar Disorder and Possible Associations
with FKBP Variant rs3800373. Med Arch (Sarajevo, Bos-
nia Herzegovina). 2018, Nov;72(5):352-356

Hernaus D, Van Winkel R, Gronenschild E, Habets P,
Kenis G, Marcelis M, et al. Brain-derived neurotrophic fac-
tor/FK506-binding protein 5 genotype by childhood trauma
interactions do not impact on hippocampal volume and cog-
nitive performance. PLoS One. 2014, Mar 21;9(3):e92722.

Heim C, Nemeroff CB. The role of childhood trauma in
the neurobiology of mood and anxiety disorders: Preclin-
ical and clinical studies. Biological Psychiatry. 2001, Jun
15;49(12):1023-39

Misiak B, Szmida E, Karpinski P, Loska O, Sasiadek MM,
Frydecka D. Lower LINE-1 methylation in first-episode
schizophrenia patients with the history of childhood trau-
ma. Epigenomics. 2015; 7(8):1275-85

Klengel T, Mehta D, Anacker C, Rex-Haffner M, Pruessner
JC, Pariante CM, et al. Allele-specific FKBP5 DNA demeth-
ylation mediates gene-childhood trauma interactions. Nat
Neurosci. 2013; Jan;16(1):33-41.

Weder N, Zhang H, Jensen K, Yang BZ, Simen A, Jack-
owski A, et al. Child abuse, depression, and methyla-
tion in genes involved with stress, neural plasticity, and
brain circuitry. J Am Acad Child Adolesc Psychiatry. 2014;
Apr;53(4):417-24.€5.

Faravelli C, Mansueto G, Palmieri S, Lo Sauro C, Rotella
F, Pietrini F, et al. Childhood Adversity, Cortisol Levels, and
Psychosis: A Retrospective Investigation. J Nerv Ment Dis.
2017; Jul;205(7):574-579

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

%4,

Bali U, Phillips T, Hunt H, Unitt J. FKBP5 mRNA expres-
sion is a biomarker for GR antagonism. J Clin Endocrinol
Metab. 2016; Nov;101(11):4305-4312.

Zannas AS, Binder EB. Gene-environment interactions at
the FKBP5 locus: Sensitive periods, mechanisms and plei-
otropism. Genes, Brain Behav. 2014; Jan;13(1):25-37.

Matosin N, Halldorsdottir T, Binder EB. Understanding the
Molecular Mechanisms Underpinning Gene by Environment
Interactions in Psychiatric Disorders: The FKBP5 Model. Bi-
ological Psychiatry. 2018; May 15;83(10):821-830.

Green MJ, Chia TY, Cairns MJ, Wu J, Tooney PA, Scott
RJ, et al. Catechol-O-methyltransferase (COMT) geno-
type moderates the effects of childhood trauma on cog-
nition and symptoms in schizophrenia. J Psychiatr Res.
2014; Feb;49:43-50

Cristobal-Narvaez P, Sheinbaum T, Ballespi S, Mitjavila M,
Myin-Germeys I, Kwapil TR, et al. Impact of Adverse Child-
hood Experiences on Psychotic-Like Symptoms and Stress
Reactivity in Daily Life in Nonclinical Young Adults. PLoS
One. 2016; Apr 15;11(4):e0153557.

Zannas AS, Wiechmann T, Gassen NC, Binder EB. Gene-
Stress-Epigenetic Regulation of FKBP5: Clinical and Trans-
lational Implications. Neuropsychopharmacology. 2016;
Jan;41(1):261-74

Schmidt M V., Paez-Pereda M, Holsboer F, Hausch F. The
Prospect of FKBP51 as a Drug Target. ChemMedChem.
2012; Aug;7(8):1351-9.

Gaali S, Kirschner A, Cuboni S, Hartmann J, Kozany
C, Balsevich G, et al. Selective inhibitors of the FK506-
binding protein 51 by induced fit. Nat Chem Biol. 2015;J
an;11(1):33-7

Hartmann J, Wagner K V., Gaali S, Kirschner A, Kozany C,
Rihter G, et al. Pharmacological inhibition of the psychiat-
ric risk factor FKBP51 has anxiolytic properties. J Neuro-
sci. 2015; Jun 17;35(24):9007-16.

Attwood BK, Bourgognon JM, Patel S, Mucha M, Sch-
iavon E, Skrzypiec AE, et al. Neuropsin cleaves EphB2
in the amygdala to control anxiety. Nature. 2011; May
19;473(7347):372-5

Thomas D. Gene-environment-wide association studies:
Emerging approaches. Nature Reviews Genetics. 2010;
Apr;11(4):259-72.

Schalinski |, Breinlinger S, Hirt V, Teicher MH, Odenwald
M, Rockstroh B. Environmental adversities and psychotic
symptoms: The impact of timing of trauma, abuse, and ne-
glect. Schizophr Res. 2019; Mar;205:4-9

Kotowicz K, Frydecka D, Gaweda t, Prochwicz K,
Klosowska J, Rymaszewska J, et al. Effects of traumat-
ic life events, cognitive biases and variation in dopaminer-
gic genes on psychosis proneness. Early Interv Psychia-
try. 2019; Dec 30

Archives of Psychiatry and Psychotherapy, 2020; 3: 7-16



&Y brain
sciences

Article

The Impact of the FKBP5 Gene Polymorphisms on the
Relationship between Traumatic Life Events and Psychotic-Like
Experiences in Non-Clinical Adults

Filip Stramecki 10, Dorota Frydecka !, Eukasz Gaweda 2, Katarzyna Prochwicz 3, Joanna Ktosowska 30,
Jerzy Samochowiec 400, Krzysztof Szczygiel ¢, Edyta Pawlak 50, Elzbieta Szmida ", Pawet Skiba ©,
Andrzej Cechnicki 7 and Blazej Misiak 1*

check for

updates
Citation: Stramecki, F,; Frydecka, D.;
Gaweda, t..; Prochwicz, K.;
Klosowska, J.; Samochowiec, J.;
Szczygiel, K.; Pawlak, E.; Szmida, E.;
Skiba, P; et al. The Impact of the
FKBP5 Gene Polymorphisms on the
Relationship between Traumatic Life
Events and Psychotic-Like
Experiences in Non-Clinical Adults.
Brain Sci. 2021, 11, 561. https://
doi.org/10.3390/brainscil1050561

Academic Editors: Javier Labad,
Alexandre Gonzalez-Rodriguez and

Virginia Soria

Received: 13 April 2021
Accepted: 24 April 2021
Published: 28 April 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department of Psychiatry, Wroclaw Medical University, Pasteur Street 10, 50-367 Wroclaw, Poland;
fstramecki@gmail.com (ES.); dfrydecka@gmail.com (D.F.)

Clinical Neuroscience Lab, Institute of Psychology, Polish Academy of Sciences, Jaracza Street 1,

00-378 Warsaw, Poland; Igaweda@wum.edu.pl

Institute of Psychology, Jagiellonian University, Ingardena 6 Street, 30-060 Krakow, Poland;
katarzyna.prochwicz@uj.edu.pl (K.P.); joanna.klosowska@uj.edu.pl (J.K.)

Department of Psychiatry, Pomeranian Medical University, Broniewskiego 26 Street, 71-457 Szczecin, Poland;
samoj@pum.edu.pl (J.S.); kf.szczygiel@gmail.com (K.S.)

Department of Experimental Therapy, Hirszfeld Institute of Immunology and Experimental Therapy,
Polish Academy of Sciences, Weigla Street 12, 53-114 Wroclaw, Poland; edyta.pawlak@hirszfeld.pl
Department of Genetics, Wroclaw Medical University, Marcinkowskiego 1 Street, 50-368 Wroclaw, Poland;
e.szmida@gmail.com (E.S.); pawel.skiba@umed.wroc.pl (P.S.)

Department of Community Psychiatry, Medical College Jagiellonian University, Sikorskiego Place 2,
31-115 Krakow, Poland; acechnicki@interia.pl

*  Correspondence: blazej.misiak@umed.wroc.pl

Abstract: Common variations of the FKBP5 gene are implicated in psychotic disorders, by modulating
the hypothalamic-pituitary—adrenal axis reactivity to stress. It has been demonstrated that some
of them might moderate the effects of childhood trauma on psychosis proneness. However, these
associations have not been investigated with respect to traumatic life events (TLEs). Therefore, we
aimed to explore whether the FKBP5 polymorphisms moderate the effects of TLEs on the level of
psychotic-like experiences (PLEs). A total of 535 non-clinical adults were approached for participation,
and genotyping of six FKBP5 polymorphisms (rs3800373, rs9470080, rs4713902, rs737054, rs1360780
and rs9296158) was performed. The Prodromal Questionnaire-16 (PQ-16) and the Traumatic Events
Checklist (TEC) were administered to assess PLEs and TLEs, respectively. Among the rs1360780 CC
homozygotes, a history of physical abuse was associated with significantly higher PQ-16 scores. This
difference was not significant in the rs1360780 T allele carriers. Similarly, a history of physical abuse
was associated with significantly higher PQ-16 scores in the rs9296158 GG homozygotes but not in
the rs9296158 A allele carriers. Finally, emotional neglect was related to significantly higher PQ-16
scores in the rs737054 T allele carriers but not in the rs737054 CC homozygotes. The present study
indicates that variation in the FKBP5 gene might moderate the effects of lifetime traumatic events on
psychosis proneness.

Keywords: schizophrenia; genetics; cortisol; HPA axis

1. Introduction

In recent years, a growing body of studies focus on the role of gene—environment
interactions in the development of numerous mental disorders, including schizophrenia [1].
Traumatic life events (TLEs) have been considered a significant risk factor for the develop-
ment of psychosis [2] and cognitive impairments in patients with schizophrenia [3], as well
as cognitive biases [4] and psychotic-like experiences (PLEs) in non-clinical subjects [5,6].
Moreover, TLEs play a pivotal role in the pathophysiology of various mental disorders,
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including schizophrenia [2,3,7]. Although it has been reported that childhood traumatic
experiences may lead to the development of psychosis [8], it has also been observed that
cumulative lifetime trauma exposure has a significant influence on a risk of psychosis [9].

Notably, PLEs are considered one of the phenomena that lie on the continuum of psy-
chosis, where non-clinical psychotic symptoms precede the onset of overt psychosis [10].
These experiences include bizarre experiences, perceptual abnormalities (e.g., hearing
unusual sounds such as clicking, humming or ringing) and delusional-like ideas (e.g., per-
secutory ideations or magical thinking) that range from perceptual illusions to subclinical
attenuated positive symptoms [5]. During the past two decades, the body of research on
PLEs has systematically grown [11-14]. It was repeatedly reported that PLEs are common
in the general population [15-18] and are often not associated with severe distress or a lack
of insight [16]. The recent cross-national analysis based on more than 31,000 respondents
in 18 counties estimated the prevalence rate of PLEs at 7.2% [19]. Moreover, it has been
reported that individuals exposed to childhood trauma (especially emotional or sexual
abuse) are more likely to experience PLEs [20]. Moreover, early life traumatic experiences
increase the prevalence of PLEs in young adults [21], some of whom may even experience
frequent hallucinatory and delusional experiences [22].

Exposure to acute and/or chronic stress alters proper functioning of the main stress
hormone system—the hypothalamic—pituitary—adrenal (HPA) axis [23,24], and activates a
cascade of biological interactions that increase a risk of psychosis [25,26]. The HPA axis
response can be modulated by the FK-506 binding protein 5, encoded by the FKBP5 gene
located on the chromosome 6p21 [27]. The FKBPS5 is a co-chaperone of the heat shock
protein hsp90, which modulates the glucocorticoid receptor (GR) sensitivity to the main
stress hormone—cortisol [27]. The interaction of the FKBP5 protein with the GR leads
to decreased receptor affinity and entails suppressed nuclear translocation [28,29]. This
interaction indicates that stress exposure, by causing an increase in the cortisol level, leads
to up-regulated FKBP5 expression and reduced GR activity [27]. It has been shown that
patients with psychosis present increased expression of FKBP5 mRNA in the dorsolateral
prefrontal cortex [30] and the hippocampus [31] when compared to healthy controls. Hence,
altered expression of the FKBP5 gene may be correlated with the HPA axis dysregulation.
It has been shown that patients with schizophrenia [32] and first-episode psychosis [33]
present elevated blood levels of circulating cortisol when compared to healthy controls.
Moreover, the cortisol awakening response in patients with schizophrenia is significantly
flattened when compared to healthy controls [34]. Meta-analysis investigating the HPA
axis response to experimental social stress revealed that patients with psychosis have
lower cortisol levels both in anticipation and after exposure to social stress [35]. It has also
been observed that individuals at ultra-high risk of psychosis present significantly higher
salivary cortisol levels than healthy controls [36].

In the past two decades, numerous studies have focused on genetic polymorphisms
and epigenetic modifications that may influence the HPA axis reactivity to stress [37]. It
has previously been reported that four single nucleotide polymorphisms (SNPs), including
rs1360780, rs3800373, rs9296158 and rs9470080, are associated with decreased sensitivity of
GR to circulating cortisol, leading to diminished negative feedback of the HPA axis [38,39].
The FKBP5 gene contains several polymorphic sites that may affect stress response, and
thus a risk of psychosis [39]. It has been reported that specific SNPs of the FKBP5 gene
may have an impact on the severity of psychotic symptoms in patients with psychosis
after adjustment for exposure to TLEs [38,39]. Indeed, the study by Mihaljevic et al. [39]
revealed that the rs3800373 G allele carriers had presented a higher risk of schizophrenia
after accounting for childhood trauma exposure than the TT homozygotes. However,
individual SNPs of the FKBP5 gene may also play a role in the development of PLEs in
a non-clinical population [40-42]. Accordingly, the 1513860780 T allele carriers have been
shown to present higher levels of positive and negative PLEs after exposure to childhood
abuse [43,44]. A similar relationship was observed for the rs92961558 polymorphism
in non-clinical young adults exposed to bullying in childhood, where the A allele was



Brain Sci. 2021, 11, 561

30f12

positively correlated with the level of PLEs [45]. It has been observed that the rs3800373 C
allele carries exposed to trauma present decreased anxiety sensitivity [46]. Moreover, the
rs4713902 C allele carries have been found to show higher baseline cortisol level than the
rs4713902 TT homozygotes [47]. In turn, the rs737054 polymorphism is located within a
highly conserved region of the FKBP5 intron 5 that has high regulatory potential [48,49].

So far, studies investigating interactions of the FKBP5 gene with stress exposure in
individuals with psychosis and PLEs have mostly focused on childhood trauma experi-
ence [41,45,46,50]. Therefore, in this study we aimed to investigate the influence of the
FKBP5 gene polymorphisms on the association between the level of PLEs and lifetime
exposure to stress.

2. Materials and Methods
2.1. Participants

The sample included 535 individuals aged 18 to 30 (23.4 & 3.0 years) recruited from
university students of various faculties (computer science, mathematics, medicine, nursing,
pedagogy and psychology) from three big cities in Poland (Krakow, Wroclaw, and Szczecin).
All participants represented Caucasian ethnicity and were non-consanguineous. A history
of clinical diagnosis was provided with a self-report questionnaire designed for the study.
The Ethics Committee at Wroclaw Medical University (Wroclaw, Poland) approved the
study protocol, and all participants gave written informed consent (project number: STM
C230.018.34; approval number: 254/2018; issued on 19 July 2018).

2.2. Measures
2.2.1. The Traumatic Events Checklist (TEC)

The TEC was used to assess a history of TLEs [51]. It is a self-report questionnaire
that consists of 29 items. To measure emotional neglect (EN) we used the item: “When
you were a child or a teenager have you ever felt emotionally neglected (e.g., being left
alone, insufficient affection) by your parents, brothers or sisters?”. Emotional abuse (EA)
was assessed with the use of the item: “When you were a child or a teenager have you ever
felt emotionally abused (e.g., being belittled, teased, called names, threatened verbally, or
unjustly punished) by your parents, brothers or sisters?”. Physical abuse (PA) and bullying
was evaluated with the item: “When you were a child or teenager, did you experience
physical abuse (e.g., tormenting, beating, psychically hurting) from your parents, brothers
or sisters or peers?”. Sexual abuse (SA) was measured with the item: “When you were
a child or a teenager have you ever been sexually harassed or abused by your parents,
brothers or sisters or strangers?”.

2.2.2. The Prodromal Questionnaire 16 (PQ-16)

The PQ-16 is a 16-item self-report questionnaire screening for psychosis risk and the
presence of PLEs [52]. It consists of items assessing experiences of positive symptoms (nine
items investigating perceptual aberrations as well as five items screening for delusional
ideation, unusual thought content and paranoia) and two items focusing on negative
symptoms. The original questionnaire consists of two scales, where the first investigates
PLEs presence by “present” and “non-present”; the second measures associated emotional
distress by a four-point Likert scale. We used the Polish version of PQ-16, which was
developed with the use of a back-translocation procedure and also was used in our pre-
vious studies [53]. In the present study, the level of distress associated with experiencing
PLEs, further referred to as the PQ-16 score, was used as the outcome variable. Con-
sidering that perceptual abnormalities and delusional ideas are the first anomalies that
can lead to psychosis development, we excluded items “1” and “7”, which investigate
negative symptoms.
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2.3. Genotyping

In the present study, we selected six SNPs (rs3800373, rs9470080, rs4713902, rs737054,
rs1360780 and rs9296158) based on their functional impact on the FKBP5 gene and the HPA
axis activity. DNA samples were obtained using buccal swabs and the prepITeL2P kit (DNA
Genotek, Ottawa, ON, Canada). Although blood is usually collected to obtain DNA (it
provides not only nucleated cells containing DNA but also many other physiological factors
contained in plasma), the alternative, noninvasive sampling methods based on cheek-cell
collection (oral or buccal epithelial cells collected with swabs, brushes or mouthwashes) are
recommended in cases of large, population-based and multicentric studies [54]. Preference
of buccal cells to obtain DNA is also related to unavailability of medical staff required to
collect blood, and provides sufficient DNA quantity and quality. It should also be noted that
buccal swabs are less contaminated by proteins compared to other methods of collecting
oral biological material, and thus they enable improved quality and quantity of DNA [54,55].
Six common SNPs of the FKBP5 gene (rs3800373, rs9470080, rs4713902, rs737054, rs1360780
and rs9296158) were genotyped with the allelic discrimination technique using validated
and predesigned TagMan®SNP Genotyping Assays (C__27489960_10, C 92160_10,
C__30559929_10, C___1256778_10, C___8852038_10, and C___1256775_30, respectively)
according to the manufacturer’s instructions (ThermoFisher Scientific Inc., Waltham, MA,
U.S.). In accordance with current recommendations for buccal cell collection, we decided
to perform genotyping in duplicates for 25% of randomly selected samples to control for
genotyping accuracy [56,57]; we decided to control our results (25% of randomly chosen
samples from both groups) to check for genotyping accuracy. The results were controlled
(25% of randomly chosen samples from both groups) to check for genotyping accuracy.
Identical genotypes were identified in all duplicates. Subjects involved in genotyping
were blinded to ID of participants and the data collected by specific questionnaires used in
this study.

2.4. Statistics

The x? test was used to assess whether the distribution of genotypes followed the
Hardy—-Weinberg equilibrium (HWE). Bivariate comparisons were performed using the
Mann-Whitney U test. The analysis of covariance (ANCOVA) was performed to test the
effects of specific TLEs, SNPs and interactions between TLEs and SNPs on the PQ-16 score.
Age and gender were added as the covariates. Separate models for specific SNPs and
TLEs were tested. Post hoc comparisons were performed using the Games-Howell test in
case of significant two-way interactions. Due to multiple testing, the Benjamini-Hochberg
correction with the false discovery rate of 25% was applied. After this correction, results of
all tests were considered significant if the p-value was less < 0.022.

3. Results

Main characteristics of all participants are presented in Table 1. Out of 535 individuals
approached for participation, 461 individuals provided data on a history of TLEs and the
level of PQ-16 (86.2%). Sufficient quality of DNA was obtained for 441449 participants
(82.4-83.9%). Rates of EN, EA, PA and SA were as follows: 34.1%, 41.4%, 15.4%, and 8.2%
participants, respectively. As expected, a history of all categories of TLEs was associated
with significantly higher PQ-16 scores (Table 2). Clinical diagnosis (mood and anxiety
disorders) was reported by 8.2% of the sample. None of these participants reported being
diagnosed with psychotic disorders.

Main and interactive effects of the FKBP5 SNPs on the PQ-16 score are shown in
Table 3. There were significant effects of interactions between PA and two FKBP5 SNPs
(rs1360780 and rs9296158) on the PQ-16 score. Similarly, the interaction between EN and
the rs737054 polymorphism was significantly associated with the PQ-16 score. In the
majority of models, significant main effects of age and TLEs were found. In two models,
main effects of the rs3800373 (the model with EA) and the rs9296158 (the model with PA)
were observed.
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Table 1. General characteristics of the sample.

n Mean =+ SD or n (%)
Age, years 461 234+ 3.0
Gender, M/F 460 133/327 (40.7/59.3)
Clinical diagnosis 461 38 (8.2)
EN 461 157 (34.1)
EA 461 191 (41.4)
PA 461 71 (15.4)
SA 461 38 (8.2)
PQ-16 461 41+46
rs1360780 444
CcC 260 (58.56)
CT 159 (3.46)
1T 31 (6.98)
1s9296158 445
AA 26 (5.84)
AG 159 (35.73)
GG 260 (58.43)
rs3800373 443
GG 37 (8.35)
TG 144 (32.51)
1T 262 (59.14)
159470080 443
CcC 245 (55.30)
CT 151 (34.09)
TT 47 (10.61)
rs4713902 441
CC 50 (11.34)
CT 154 (34.92)
1T 237 (53.74)
rs737054 449
CC 224 (49.89)
CT 182 (40.53)
1T 43 (9.58)

Abbreviations: TEC, Traumatic Events Checklist; EN, emotional neglect; EA, emotional abuse; PA, physical abuse;
SA, sexual abuse; PQ-16, the Prodromal Questionnaire 16.

Table 2. The PQ-16 score with respect to a history of TLEs.

TLEs (+) TLEs (-) p
EA 5.10 £ 5.25 341 +£3.81 <0.001
EN 525 +£5.46 3.52+£391 <0.001
PA 524 £ 5.69 3.90 £ 4.30 0.022
SA 710 £ 6.76 3.83 £4.22 <0.001

Abbreviations: TLEs(+), positive history of traumatic life events; TLEs(-), negative history of traumatic life events;
EN, emotional neglect; EA, emotional abuse; PA, physical abuse; SA, sexual abuse.
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Table 3. Main and interactive effects of the FKBP5 variants on the PQ-16 score.

TLEs IV or Covariate 1rs1360780 rs9296158 rs3800373 1rs9470080 1rs4713902 rs737054

F=4800, F=4728, F=4337, F=4287, F=4192, F=4536,
p<0001 p<0001 p<0001 p<0001 p<0.001 p<0.001

F=162, F=167, F=159, F=176, F=155  F=220,
p=0204 p=0197 p=0208 p=0186 p=0214 p=0.139

TLEs F=1548, F=1454, F=160, F=033, F=1648 F=1754,
EN p<0001 p<0001 p=0207 p=0564 p<0.001 p<0.001

F=115, F=196, F=324, F=107, F=024, F=0.19,
p=0285 p=0162 p=0073 p=0301 p=0627 p=0.660

F=104, F=121, F=143, F=535, F=245  F=784,
p=0309 p=0273 p=0232 p=021 p=0118 p=0.005

R? 0.142 0.141 0.150 0.144 0.134 0.141

F=4884, F=4794, F=4358, F=4256, F=4425 F=4582,
p<0001 p<0001 p<0001 p<0001 p<0001 p<0.001

F=248, F=253, F=220, F=214, F=222, F=267,
p=0116 p=0112 p=0139 p=0145 p=0137 p=0.103

TLEs F=20.13, F=1935 F=255 F=250, F=19.79, F=19.57,
EA p<0001 p<0001 p=0111 p=0115 p<0.001 p<0.001

F=010, F=048, F=464, F=245 F=189, F=067,
p=0747 p=0491 p=0032 p=0119 p=0170 p=0414

F=012, F=006, F=112, F=218, F=0.11, F=0832,
p=0731 p=0815 p=0290 p=0141 p=0739 p=0362

R? 0.147 0.145 0.155 0.147 0.138 0.143
F=49.06, F=4856, F=4246, F=4135 F=4152, F=4554,

Age

Gender

FKBP5

FKBP5 x TLEs

Age

Gender

FKBP5

FKBP5 x TLEs

Age p<0001 p<0001 p<0001 p<0001 p<0001 p<0.001

Cender F=443, F=407, F=359, F=333, F=315 F=379,

€ p=0038 p=0044 p=005 p=0069 p=0077 p=0052

TLEe F=887, F=744, F=183, F=217, F=578 F=8305,

PA p=0003 p=0007 p=0177 p=0142 p=0017 p=0.004
FKBPS F=412, F=590, F=195 F=123, F=090, F=012,

p=043 p=0016 p=0164 p=0269 p=0343 p=0729

F=553, F=680, F=010, F=001, F=000, F=188,
p=0019 p=0009 p=0752 p=0925 p=0927 p=0.171

R? 0.141 0.141 0.131 0.121 0.111 0.125
F=4509, F=4419, F=39.66, F=39.19, F=4052, F=4256,

FKBP5 x TLEs

Age p<0001 p<0001 p<0001 p<0001 p<0.001 p<0.001
Cender F=133, F=142, F=131, F=135 F=138 F=157,
p=0250 p=0235 p=0252 p=0245 p=0242 p=0211
F=1678, F=1505, F=595 F=670, F=1150, F=17.8,

TLEs

SA p<0001 p<0001 p=0015 p=0.010 p=0.001 p<0.001

F=119, F=09, F=105, F=179, F=147, F=018,
p=0275 p=0329 p=0305 p=0182 p=0227 p=0671

F=093, F=037, F=039, F=019, F=038 F=0093
p=0337 p=0543 p=0531 p=0732 p=0538 p=0336
R? 0.146 0.141 0.145 0.129 0.125 0.139

Abbreviations: IV, independent variable; TLEs, traumatic life events; EN—emotional neglect; EA—emotional
abuse; PA—physical abuse; SA—sexual abuse, PQ-16—Prodromal Questionnaire 16.

FKBP5

FKBP5 x TLEs
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PQ16 score

Results of post hoc analyses are presented in Figure 1. Among the rs1360780 CC
homozygotes, a history of PA was associated with significantly higher PQ-16 scores. This
difference was not significant in the rs1360780 T allele carriers. Similar findings were
observed for the rs9296158 polymorphism. Indeed, a history of PA was associated with
significantly higher PQ-16 scores in the rs9296158 GG homozygotes. The rs9296158 GG
homozygotes reporting a history of PA had also significantly higher PQ-16 scores in
comparison with the rs9296158 A allele carriers without a history of PA. Finally, EN was
related to significantly higher PQ-16 scores in the rs737054 T allele carriers but not in the
rs737054 CC homozygotes. The rs737054 T allele carriers had significantly higher PQ-16
scores with a history of EN in comparison with the rs737054 CC homozygotes who did not
report EN.

6004

Post-hoc comparisons: Post-hoc comparisons: Post-hoc comparisons:
CT+TT, PA(+) vs. CT+TT, PA(-): p = 1.000 AA+AG, PA(+) vs. AA+AG, PA(-): p = 1.000 CT+TT, EN(+) vs. CT+TT, EN(-): p < 0.001
CC, PA(+) vs. CC, PA(-): p=0.018 GG, PA(+) vs. GG, PA(-): p = 0.009 CC, EN(+) vs. CC, EN(-): p = 1.000
CT+TT, PA(+) vs. CC, PA(+): p = 0.308 AA+AG, PA(+) vs. GG, PA(+): p = 0.081 CT+TT, EN(+) vs. CC, EN(+): p=0.156
CT+TT, PA(-) vs. CC, PA(-): p = 1.000 AA+AG, PA(-) vs. GG, PA(-): p = 1.000 CT+TT, EN(-) vs. CC, EN(-): p=0.512
CT+TT, PA(+) vs. CC, PA(-): p = 1.000 AA+AG, PA(+) vs. GG, PA(-): p = 1.000 CT+TT, EN(+) vs. CC, EN(-): p = 0.005
CT+TT, PA(-) vs. CC, PA(+): p = 0.038 AA+AG, PA(-) vs. GG, PA(+): p = 0.011 CT+TT, EN(-) vs. CC, EN(+): p = 0.105
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Figure 1. Interactive effects of the FKBP5 genotype and TLEs on the PQ-16 score.

4. Discussion

Results of this study support previous findings from studies testing the moderating
effects of the FKBP5 gene polymorphisms on the association between trauma exposure
and a risk of psychosis or PLEs. More specifically, we found that a history of PA increases
a severity of PLEs in the rs1360780 CC and the rs9296158 GG homozygotes. This may
be explained by the role of the rs1380780 polymorphism in inducing the FKBP5 gene
transcription in response to GR activation [58] followed by stronger cortisol reactivity
in response to stress [59] in individuals exposed to trauma carrying the “risk” T allele.
Disinhibited induction of the FKBP5 mRNA is responsible for GR resistance and causes
diminished negative feedback of the HPA axis, leading to its dysregulation [60]. This
stays in line with previous research supporting the role of the rs1360780 and rs9296158 in
moderating the effects of childhood trauma on the development of positive PLEs [43—45].
However, these studies have reported that carries of rs1360780 T allele are more prone
to develop psychotic symptoms [44] or greater subclinical psychotic symptoms [49] after
exposure to childhood trauma, while we observed the opposite association, where the C
allele was associated with greater severity of PLEs in response to PA. These mixed findings
may be associated the fact that previous studies focused only on childhood trauma, while
we assessed lifetime TLEs. Interestingly, Yaylac et al. observed that the rs1380780 C allele
carriers and the rs9296158 G allele carriers exposed to childhood maltreatment develop
significantly more severe dissociative symptoms when compared to traumatized subjects
carrying the rs1380790 T allele and the rs9296158 A allele, respectively [61]. In turn,
dissociation has been associated with the development of overt psychosis and PLEs [62,63].
The study by Mitjans et al. investigated the effect of the FKBP5 gene polymorphisms on
treatment outcome in patients with schizophrenia showing that TT homozygotes for the
rs13860780 polymorphism have higher risk of non-response to clozapine than the C allele
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carries [64]. Previous studies have proposed that compound with the ability to interact with
FKBP5 could be beneficial in the treatment of stress-related disorders [57,65,66]. Taking
into account the body of studies supporting the role of FKBP5 in pathophysiology of stress-
related disorders, including schizophrenia, future studies could consider the FKBP5 gene
as a potential target for the treatment of psychosis.

The present study also demonstrated that the rs737054 T allele is associated with a
higher severity of PLEs in subjects exposed to EN. The effect of the rs737054 polymorphism
on the development of PLEs has not been widely addressed. The only study investigating
its role in the development of PLEs in response to childhood trauma failed to find significant
associations [39]. Moreover, there are only two studies examining this SNP. One study did
not confirm that the rs737054 polymorphism affects susceptibility to borderline personality
disorder after considering the role of childhood trauma [67]. In turn, it has been shown that
male carries of the T allele at this SNP, exposed to childhood trauma, present significantly
greater anxiety sensitivity when compared to the CC homozygotes [46], suggesting the role
of the rs737054 polymorphism in stress response by modulating the HPA axis reactivity.
Our results suggest that there is an association between variants of the FKBP), lifetime
traumatic events and risk of psychosis. The mechanism of genetic variability influencing
psychosis development in response to stress remains unclear. It has also been shown that
neurotrophic factors, including the brain-derived neurotrophic factor (BDNF), responsible
for neuroplasticity in the human brain, plays a moderating role in the development of
psychosis [1,68] and PLEs [69] in individuals exposed to psychosocial stress. Despite
multiple observations suggesting that gene-environment interactions may be responsible
for individual differences in response to TLESs, further studies are required to understand
the exact mechanisms underlying the effects of interactions between genes regulating
response to stress and neuroplasticity on the risk of psychosis.

The present study has several methodological limitations that should be taken into
consideration when interpreting our findings. In our study, we determined only six variants
that may not cover the whole FKBP5 gene. It is likely that genome-wide association studies
would provide more comprehensive insight into the effects of variation in the FKBP5
and its interaction with variants in other genes. Some of them did not follow the HWE,
suggesting that representativeness of the sample might be limited. Secondly, the proportion
of variance in the level of PLEs was also relatively low, suggesting that other factors not
recorded by our study might be associated with PLEs. These factors might include familial
liability for psychosis, depressive and anxiety symptoms and the level of perceived stress.
Third, the data collected from the participants were based on self-reports, which might
be characterized by a recall bias. However, reliability of trauma self-reports has been
found to be stable over time in patients with psychosis [70]. Another limitation is that our
sample had limited size, and independent replication of our findings was not performed.
Moreover, this study was based on a non-clinical population, and thus generalization
of findings cannot be made. Finally, a cross-sectional design does not allow for making
conclusions on causal associations. Nevertheless, it is important to highlight that in contrary
to multiple previous studies investigating the role of childhood trauma in the development
of psychosis, this study focused also on cumulative lifetime traumatic experiences. To date,
the body of studies on adulthood trauma in association with psychosis is very poor. It
has previously been reported that TLEs in adulthood may have a different influence on
the development of psychosis than childhood trauma. For instance, the study by Liu et al.
observed that traumatic events occurring in the adulthood are associated with more severe
positive symptoms in patients with schizophrenia, whereas childhood trauma is rather
related to more severe depressive symptoms [71].

5. Conclusions

The present study indicates that variation in the FKBP5 gene also moderates the effects
of lifetime traumatic events on psychosis proneness. These findings provide grounds
for developing more personalized approaches in predicting the outcomes of TLEs and
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selecting interventions that aim to restore psychological well-being in this population.
However, before their application, larger longitudinal studies that combine results of
genetic testing based on high throughput technologies with detailed assessment of com-
plex psychological processes mediating the association between traumatic life events and
psychosis are needed.
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Abstract: Numerous studies have reported that stressful life experiences increase the risk of psychosis
and psychotic-like experiences (PLEs). Common variations of the FKBP5 gene have been reported to
impact the risk of psychosis by moderating the effects of environmental exposures. Moreover, anxious
and avoidant attachment styles have been shown to increase both the level of perceived stress and the
risk for psychosis development. In the present cross-sectional study, we aimed to investigate whether
variants of the FKBP5 gene moderate the effects of attachment styles and the level of perceived stress
on the development of PLEs. A total of 535 non-clinical undergraduates were genotyped for six
FKBP5 single nucleotide polymorphisms (SNPs) (rs3800373, rs9470080, rs4713902, rs737054, rs1360780
and rs9296158). The Psychosis Attachment Measure (PAM), the Perceived Stress Scale-10 (PSS-10)
and the Prodromal Questionnaire 16 (PQ-16) were administered to assess attachment styles, the
level of perceived stress and PLEs, respectively. Anxious attachment style, lower levels of perceived
self-efficacy and higher levels of perceived helplessness were associated with a significantly higher
number of PLEs. The main effects of attachment style on the severity of PLEs were significant in
models testing for the associations with perceived self-efficacy and three FKBP5 SNPs (rs1360780,
r$9296158 and rs9470080). The main effect of rs38003733 on the number of PLEs was observed, with
GG homozygotes reporting a significantly higher number of PLEs in comparison to T allele carriers.
In individuals with dominant anxious attachment style, there was a significant effect of the interaction
between the FKBP5 rs4713902 SNP and self-efficacy on the severity of PLEs. Among rs4713902 TT
homozygotes, a low level of perceived self-efficacy was associated with higher severity of PLEs. In
subjects with non-dominant anxious attachment, a low level of perceived self-efficacy was associated
with a higher number of PLEs, regardless of the genotype. Our results indicate that the FKBP5 gene
might moderate the relationship between attachment, perceived stress and PLEs.
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1. Introduction

In past decades, numerous studies have focused on risk factors for the development
of psychosis and have demonstrated the importance of genetic and environmental fac-
tors [1-3]. According to the continuum model [4], psychotic-like experiences (PLEs) are
being described as subclinical psychotic symptoms which can be present in non-clinical
populations with the prevalence rate estimated at 7.2% in the general population [5].

Several models have been proposed so far in the development of PLEs, showing
the association of genetic background [6,7], cannabis use [8], cognitive biases [9,10], self-
disturbances [11], insecure attachment style [12] and early traumatic adversities [13] with
the higher risk of PLEs [14]. Moreover, it has been reported that childhood trauma and
PLEs are associated with increased suicidal risk in young adults [15].

Elevated levels of stress and increased stress sensitivity have been found to serve as
important psychosocial risk factors for psychosis development. Exposure to stressful life
experiences in childhood has been reported more frequently in individuals with PLEs than
in the general population [16]. A greater level of perceived stress has been correlated with
a higher frequency of PLEs, and this relationship has been found to be mediated by mal-
adaptive coping strategies [17]. It has been shown that using maladaptive coping strategies
makes individuals more prone to evaluate a neutral situation as stressful and increases
the level of perceived stress [17]. On the other hand, the level of perceived stress has been
found to be associated with a greater likelihood to report PLEs [18]. Moreover, several
studies have shown that individuals with anxious attachment styles tend to use more
ineffective coping strategies, and are more likely to perceive higher levels of stress [19-21].

Among psychosocial factors involved in psychosis development, insecure attachment
styles have been shown to increase the risk for clinical psychosis [22-26] as well as the risk
of PLEs [23,24,27]. Attachment theory proposed by Bowlby describes the impact of early
interactions of a newborn with their primary caregivers on an individual’s psychological
functioning in later life and defines attachment style as a mental representation of the
self in relation to others [28]. Insecure attachment—that includes anxious and avoidant
attachment style—is characterized by the failure to relieve distress by proximity seeking
and triggers the use of secondary attachment strategies [29]. Attachment anxiety involves a
strong need for closeness, worries about relationships, and fear of being rejected, leading to
the development of hyperactive strategies for regulating distress, such as intense attempts
to maintain proximity and support in the relation to others [29,30]. In turn, the avoidant
attachment style is associated with compulsive self-reliance, and preference for emotional
distance from others, need for being independent as well as difficulties with close relations
and intimacy [29,30].

Since the hypothalamic—pituitary—adrenal (HPA) axis is the main endogenous system
involved in the stress response, it is likely to play a key role in mediating the effect of attach-
ment style on the human stress response [31]. Stress directly activates the HPA axis activity
and triggers several other hormonal responses. Exposure to early-life stress, entailing the
dysregulation of HPA axis activity has an important influence on stress response later in
life, which corresponds to an increased level of diurnal cortisol [32]. Elevated cortisol levels
have been observed both in patients with first-episode psychosis [33,34] and in non-clinical
at-risk subjects [35] when compared to heathy controls. Chronically elevated cortisol levels
resulting from adverse environments and poor parenting can affect the functioning of the
HPA axis and has been associated with insecure attachment development [31,36].

It has been found that the HPA axis activity is modulated by a number of FKBP5
gene variants. The FKBP5 gene encodes the FK506 binding protein 51 (FKBP5), which
is a co-chaperone of the glucocorticoid receptor (GR) [37]. The FKBP5 binds to GR and
diminishes its affinity to cortisol, which modulates individual stress response [38]. Several
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single nucleotide polymorphisms (SNPs) in the FKBP5 gene have been found to affect
stress-related psychiatric conditions [39] mostly by moderating the effect of traumatic
experiences on the severity of the psychiatric symptomatology [40]. SNPs rs9296158 and
rs4713016 were found to increase the risk for psychosis development by affecting cortisol
levels in response to trauma and rs9296158 was associated with the development of more
severe psychotic symptoms [41]. Our recent study on a non-clinical sample supports the
moderating role of SNPs rs9296158, rs1360780 and rs737054 on PLEs severity in response
to early life trauma [42].

Although there are reports showing relationships between the FKBP5 gene polymor-
phisms, attachment styles, perceived stress, and the severity of PLEs, to our knowledge,
there has been no study analyzing all these variables interacting together in one compre-
hensive model. In accordance with previous studies, we hypothesized that the effect of
attachment style and level of perceived stress on PLEs development might be moderated
by specific SNPs of the FKBP5 gene in a non-clinical sample of young adults.

2. Materials and Methods
2.1. Participants

A total of 535 participants aged 23.4 £ 3.4 years (range: 18-30 years) were recruited
among university students of various faculties from three large Polish cities (Krakoéw,
Wroclaw and Szczecin) in the years 2017-2019. All participants represented Caucasian
ethnicity and were not related to each other. The history of clinical diagnosis and frequency
of substance use were provided with a self-report questionnaire designed for this study.
No participant reported a history of psychosis spectrum disorder. Frequent substance
use was defined as the use of any psychoactive substance, including alcohol, more than
once a week. The study has a cross-sectional design. The Ethics Committee at Wroclaw
Medical University in Poland approved the study (approval number: 254/2018; issued
on 19th July 2018). All participants gave written informed consent for participation in
the study.

2.2. Measures
2.2.1. The Prodromal Questionnaire 16 (PQ-16)

The 16-item PQ-16 is a self-report screening tool for at-risk mental states and the
presence of PLEs with sensitivity and specificity estimated at 87% [43]. It consists of
nine items assessing perceptual alterations, five items to investigate delusional ideation,
paranoia and unusual thought, and two items to screen for attenuated negative symptoms.
In our study, we used the Polish version of the questionnaire that was prepared using a
back-translation procedure and was used in our several previous studies [6,12,18]. The
original PQ-16 consists of two scales, where the first one records whether PLEs are “present”
or “non-present”, and the second one assesses the level of distress associated with PLEs
on a four-point Likert-like scale. In the present study, we focused on the number of PLEs
being reported by each participant. Therefore, the total score on the PQ-16 was calculated
by adding up the agreed items. The Cronbach’s alpha of the PQ-16 was 0.75 in our sample,
indicating acceptable internal consistency.

2.2.2. Psychosis Attachment Measure (PAM)

The Psychosis Attachment Measure (PAM) is a 16-item self-report questionnaire [44].
It records two different attachment styles: anxious and avoidant. There are eight items mea-
suring attachment anxiety and eight items recording attachment avoidance. Participants
are asked how they relate to the key people from their life on a four-point Likert. Internal
consistency was acceptable (Cronbach’s alpha = 0.80) for the anxious attachment subscale
and good (Cronbach’s alpha = 0.82) for the avoidance attachment subscale. In the present
study, we used the Polish version of the questionnaire [45]. Based on the PAM scoring, we
divided the respondents into those with dominant attachment anxiety and others.
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2.2.3. Perceived Stress Scale-10 (PSS-10)

The level of perceived stress was assessed using the Perceived Stress Scale-10 (PSS-10) [46].
The PSS-10 is a 10-item self-report questionnaire designed to measure the degree that re-
spondents find their life unpredictable, uncontrollable, and overwhelming in the preceding
month. It consists of 10 items rating the frequency with which participants experience
certain situations. The items are scored on a five-point Likert-like scale with responses
ranging from “never” to “very often”. The PSS-10 consists of two subscales measuring the
level of self-efficacy (PSE) and helplessness (PHS). Internal consistency of the PSS-10 in our
sample was acceptable (the Cronbach’s alpha = 0.74). We used the Polish version of the
PSS-10 and measured the intensity of perceived stress related to the current life situation,
specifically 30 days prior to the assessment. Participants were divided into those with the
PSS-10 score above and below the mean value.

2.3. Genotyping

Based on the functional impact on the FKBP5 gene and HPA-axis activity, we selected
six SNPs (rs3800373, rs9470080, rs4713902, rs737054, rs1360780 and rs9296158). DNA
samples were collected by swabs from the inner cheeks. We confirmed the accuracy of
genotypes by performing duplicate genotyping for 25% of randomly selected samples.
Subjects performing the genotyping were blinded to the ID of participants and the data
collected using specific questionaries. The details of the genetic analysis were described in
our previous study [42].

2.4. Statistical Analysis

The x? test was used to assess the agreement of genotype distribution with the Hardy—
Weinberg equilibrium (HWE). Correlations between continuous variables were tested
using the Spearman rank correlation coefficients. The Mann-Whitney U test was em-
ployed to perform bivariate comparisons. Due to potential effects of age, sex, a history
of clinical diagnosis and substance use, the analysis of co-variance (ANCOVA) was per-
formed. Before running the ANCOVA, participants were divided into individuals with
predominant anxious attachment (scores of anxious attachment higher than those for
avoidant attachment) and those employing other attachment styles (scores of avoidant
attachment higher than or equal to those for anxious attachment). Similarly, the PSS scores
of both subscales (perceived helplessness and perceived self-efficacy) were dichotomized
based on the mean values (i.e., participants were divided into those with the PSS scores
above and below the mean value). In the first step, the association between exposure
(low vs. high PSS score) and outcome (the PQ-16 score) was tested. Next, covariates
(age, gender, a history of clinical diagnosis and frequent substance use) were added to
the model. Finally, the following moderators were added: (1) main effects (the FKBP5
gene polymorphisms and predominant attachment style); (2) two-way interactions (the
FKBPS5 polymorphism x the PSS score; the FKBP5 polymorphism x predominant anxious
attachment and the PSS score x predominant anxious attachment) and (3) the three-way in-
teraction (the FKBP5 polymorphism x the PSS score x predominant anxious attachment).
In case of significant interactions, the Games—-Howell test was applied to perform post-hoc
comparisons. The level of significance was set at p < 0.05. All analyses were carried out
using the Statistical Package for Social Sciences, version 20 (SPSS Inc., Chicago, IL, USA).

3. Results

The general characteristics of all participants are presented in Table 1. Out of 535 par-
ticipants enrolled in the present study, 460 individuals provided complete data on the
occurrence of PLEs, attachment styles and the level of perceived stress (86.2%). Sufficient
quality and quantity of DNA was obtained for 441-450 participants (82.4-83.9%) depending
on the specific SNPs. Predominant anxious attachment style was reported by 186 individu-
als (40.4%). The PSS-10 scores of perceived self-efficacy and helplessness were 10 &= 2.90
and 12 + 5.19, respectively. Clinical diagnosis, including mood or anxiety disorders, was
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reported by 8.2% of the participants. None of these respondents reported to be diagnosed
with a psychotic spectrum disorder. Frequent use of substances was reported by 21.1% of
all participants.

Table 1. General characteristics of the sample.

Mean =+ SD or n (%)

Age, years 234+ 3.0
Gender, M/F 133/327 (40.7/59.3)
Clinical diagnosis 38 (8.2)
Anxious attachment 1.22 £ 0.65
Avoidant attachment 1.21 +0.65
Predominant anxious attachment 186 (40.4)
Perceived helplessness 12 £5.19
Perceived self-efficacy 10 £+ 2.90
Frequent use of substances (>once per week) 97 (21.1)
PQ-16 41+46
rs1360780 450

CC 260 (58.56)
CT 159 (34.46)
TT 31 (6.98)
rs9296158 444

AA 26 (5.84)
AG 159 (35.73)
GG 260 (58.43)
rs3800373 443

GG 37 (8.35)
TG 144 (32.51)
TT 262 (59.14)
rs9470080 443

CcC 245 (55.30)
CT 151 (34.09)
TT 47 (10.61)
rs4713902 441

CcC 50 (11.34)
CT 154 (34.92)
TT 237 (53.74)
rs737054 449

CcC 224 (49.89)
CT 182 (40.53)
TT 43 (9.58)

Direct effects of exposure (categories of perceived stress) are shown in Table 2. Par-
ticipants with lower levels of perceived self-efficacy had a significantly higher number of
PLEs (4.1 £ 2.9 vs. 2.9 & 2.6), even after controlling for age, gender, a history of clinical
diagnosis and frequent substance use. Similarly, higher levels of perceived helplessness
were associated with a significantly higher number of PLEs (4.3 + 2.9 vs. 2.8 £ 2.5), even
after co-varying for age, gender, a history of clinical diagnosis and frequent substance
use. Individuals with a predominant anxious attachment style had a significantly higher
number of PLEs (4.0 2.9 vs. 3.2 2.7, p = 0.001).
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PQ-16 score

A. Post-hoc comparisons:

TT, low PSE vs. TT, high PSE: p < 0.001
CC+CT, low PSE vs. CC + CT, high PSE: p = 0.965
TT, low PSE vs. CC + CT, high PSE: p = 0.049
TT, low PSE vs. CC + CT low PSE: p = 0.100
TT, high PSE vs. CC + CT high PSE: p = 0.144
TT, high PSE vs. CC + CT low PSE: p = 0.024

Table 2. Effects of perceived stress on the PQ-16 score after adjustment for general characteristics of

the sample.
Perceived Perceived
Model Effect Helplessness Self-Efficacy
Perceived stress F=43.90, p <0.001 F=25.90, p <0.001
Model 1 (exposure) R2 0.088 0.054
Perceived stress F=24.62,p<0.001 F=1290, p <0.001
Age F=39.21,p < 0.001 F =42.35,p <0.001
Model 2 (exposure Sex F=0.68 p=0412 F=0.60,p=0.441

and covariates)

Clinical diagnosis

Frequent substance use

RZ

F =4.63,p=0.032
F=209,p=0.149
0.178

F=5.29,p=0022
F=292,p =009
0.155

Table 3 presents the results from the analysis of the relationships between the SNPs of
the FKBP5 gene, attachment styles and perceived stress. There were significant effects of the
two-way interaction (FKBP5 154713902 polymorphism x perceived self-efficacy) and the three-
way interaction (FKBP5 rs4713902 polymorphism X perceived self-efficacy x attachment) on
the number of PLEs. The main effects of age, perceived stress and clinical diagnosis were
significant in all models. The main effects of predominant attachment were significant
only in three models testing for the associations with perceived self-efficacy and three
FKBP5 polymorphisms (rs1360780, rs9296158 and rs9470080). A significant main effect
of the rs3800373 polymorphism on the number of PLEs was observed. Specifically, the
rs3800373 GG homozygotes reported a significantly higher number of PLEs compared to
the rs3800373 T allele carriers (5.1 = 3.0 vs. 3.4 £ 2.7, p < 0.001).

Post-hoc comparisons are reported in Figure 1. Among the rs4713902 TT homozygotes,
a low level of perceived self-efficacy was associated with a significantly higher number
of PLEs. The rs4713902 TT homozygotes with a low level of perceived self-efficacy had a
significantly higher number of PLEs compared to the rs4713902 C allele carriers with high
and low levels of perceived self-efficacy. Further stratification of the sample demonstrated
that a low level of perceived self-efficacy is associated with a significantly higher number of
PLEs only in subjects with the rs4713902 TT genotype and predominant anxious attachment
style. Among individuals with non-dominant anxious attachment style, a low level of
perceived self-efficacy was associated with a significantly higher number of PLEs, regardless
of the rs4713902 genotype.

B. Post-hoc comparisons: C. Post-hoc comparisons:
TT, low PSE vs. TT, high PSE: p = 0.014
CC+CT, low PSE vs. CC + CT, high PSE: p = 0.021
TT, low PSE vs. CC + CT, high PSE: p = 0.157
TT, low PSE vs. CC + CT low PSE: p = 0.689
TT, high PSE vs. CC + CT high PSE: p = 0.888
TT, high PSE vs. CC + CT low PSE: p = 0.302

TT, low PSE vs. TT, high PSE: p = 0.002
CC+CT, low PSE vs. CC + CT, high PSE: p = 0.999
TT, low PSE vs. CC + CT, high PSE: p = 0.351
TT, low PSE vs. CC + CT low PSE: p = 0.138
TT, high PSE vs. CC + CT high PSE: p = 0.228
TT, high PSE vs. CC + CT low PSE: p = 0.172

Non-dominant anxious attachment Dominant anxious

PSE

high
low

PSE
high
low

PSE Lo

high
low

PQ-16 score
§
PQ-16 score
8

rs4713902

T
CC+CT T

T
cc+CT
rsd713902

cc l CcT T
rsd713902
Figure 1. Post-hoc comparisons of interactions between FKBP5 rs4713903 polymorphism total PQ-
16 score and attachment style. Abbreviations: PSE—perceived self-efficacy, PQ-16—Prodromal
Questionnaire 16.
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Table 3. Interactions between the FKBP5 gene polymorphisms, perceived stress and attachment style (effects of exposure, covariates and moderators).
Stress
Category Effect 151360780 1s9296158 rs3800373 rs9470080 154713902 15737054

Age F=3411;p<0.001  F=3328;p<0.001 F=2909p<0001 F=3096;p<0001 F=2961;p<0.001 F=2983;p<0.001
Gender F <0.01; p=0.940 F <0.01; p=0.956 F=0.02;, p=0.889 F=0.01;p=0.922 F=0.01;p=00915 F=0.03; p=0.854
Clinical diagnosis F=451;p=0.034 F=4.32;p=0.038 F=5.76;p =0.017 F=4.64;p =0.032 F=4.88;p=0.028 F=4.19;p=0.041
Frequent substance use F=2.85;p=0.092 F=290; p=0.089 F=221;p=0.138 F=2.05p=0.153 F=1.28p=025 F=193;,p=0.165
Perceived helplessness F=19.68; p < 0.001 F=21.62; p <0.001 F =7.00; p = 0.009 F =20.53; p < 0.001 F=20.70; p < 0.001 F=23.14; p < 0.001
Attachment F=3.23;p=0073 F =3.25; p = 0.072 F=0.62; p = 0433 F =3.62; p =0.058 F =2.79; p = 0.09 F = 2.85; p=0.092

Perceived FKBP5 F=111;p=0.29% F=236;p=0.126 F=28.82;p=0.003 F=0.81;p=0.370 F=0.10; p=0.748 F=0.16; p = 0.687

elplessness Perceived F =0.15; p = 0.696 F = 0.06; p = 0.811 F =0.39; p = 0.534 F=0.17;p = 0.684 F = 0.80; p = 0.779 F=0.08; p =0.776
helplessness x attachment R ’ " ’ R ’ R ’ R ’ o ’
FKBP5 x attachment F=0.23;p=0.629 F=10.06; p=0.808 F=0.03;p=0.875 F=012;,p=0.732 F=0.25p=0.615 F=0.52;,p=0473
féﬁ 655 ;fses“eived F <0.01; p = 0.99 F =0.06; p = 0.813 F <0.01; p = 0.989 F=0.23; p =0.634 F =3.49; p = 0.062 F =1.66; p = 0.199
ifg 855 ;g’s‘;rcxei;ijchment F =0.57; p = 0452 F=1.02;p=0314 F=134;p=0238 F =132 p=0251 F =1.64; p = 0.201 F =1.80; p = 0.180
R? 0.189 0.192 0.207 0.182 0.184 0.192
Age F=236.37;,p <0.001 F=235.61, p <0.001 F=231.18;, p < 0.001 F =33.53; p <0.001 F =31.60; p < 0.001 F =33.00; p < 0.001
Gender F <0.01; p=0.991 F<0.01;p=0.985 F <0.01; p =0.990 F <0.01;p=0.937 F=0.00; p=0.979 F=0.02; p=0.901
Clinical diagnosis F=5.69;p=0.018 F =5.46; p = 0.020 F=6.11;p=0.014 F=5.70; p =0.017 F=6.33;p =0.012 F=5.32; p =0.022

Perceived Frequent substance use F=3.71;p=0.055 F =3.59; p=0.059 F=328;,p=0.071 F=275;p=0.098 F=197,p=0.161 F=2.84;p=0.093

self-efficacy Perceived self-efficacy F=10.72; p = 0.001 F=11.46; p =0.001 F=4.60; p =0.033 F=11.00; p = 0.001 F=12.00; p = 0.001 F=11.04; p =0.001

Attachment F = 3.96; p = 0.047 F = 4.46; p = 0.035 F=052;p=0474 F = 4.39; p = 0.037 F=3.02;p =0.083 F=3.71;p = 0.055
FKBP5 F=0.73;p=03% F=174;p=0.188 F=8.78 p =0.003 F=0.24;p=0.626 F <0.01; p = 1.000 F=0.18; p = 0.668
Perceived

self-efficacy x attachment

F=10.06; p=0.803

F =0.01; p = 0.920

F=0.02; p = 0.884

F=0,02; p = 0.882

F=001; p=0945

F=0.17;p=0.678
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Table 3. Cont.
Stress
Effect rs1360780 rs9296158 rs3800373 19470080 rs4713902 1s737054
Category
FKBP5 x attachment F=0.01;p=0924 F=0.19; p = 0.891 F=0.14;p=0714 F=0.01;p=0917 F=042;p=0519 F = 0.40; p = 0.528
_ FKBP5 x perceived F=253p=0113 F=193;p=0.166 F =0.09; p = 0.762 F=114;p=0286 F = 6.64; p = 0.010 F=244;p=0.119
Perceived self—efflcacy
self-efficacy FKBP5 x ived
perceive 014y _317-pe 0.06: 1 = 157 p 618 p = 918y
elf efficacy  attachment T = 2147 =0.144 F=3.17;p=0.076 F = 0.06; p = 0.805 F=157p=0211 F =6.18; p = 0.013 F=218;p=0.141
R2 0.170 0.172 0.183 0.160 0.175 0.169
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4. Discussion

We found that the predominant anxious attachment style is associated with a sig-
nificantly higher number of PLEs. The development of an anxious attachment style is
an effect of unprotective parenting corresponding to early life environmental stressors.
This may contribute to neurodevelopmental alterations which lead to a higher likelihood
of PLEs development [47]. This stays in line with previous studies showing that anx-
ious attachment style increases the risk for PLEs development in individuals exposed to
poor parenting [23,24]. Associations between attachment style and PLEs development are
supported by studies on patients with schizophrenia-spectrum disorders showing that
insecure attachment style mediates the influence of traumatic experiences on the severity
of psychotic symptoms in schizophrenia-spectrum disorders [22,26,48].

It is worth noting that we observed a specific influence of attachment anxiety rather
than attachment avoidance on PLEs development. This has been previously proposed
as an explanation of why symptoms remain subthreshold with individuals with anxious
attachment and do not lead to full blown psychosis. Avoidant behaviors observed in
negative psychotic symptoms predispose to social withdrawal which leads to growing
relational impairments while people with anxious attachment remain involved in social
life which may protect them to develop clinical psychosis [49].

Moreover, we observed that participants with lower levels of perceived self-efficacy
and higher levels of perceived helplessness reported a higher number of PLEs which sup-
ports previous reports on the positive correlation between perceived stress level and PLEs
development [17,18,50]. This may indicate that increased stress level makes individuals
more vulnerable to developing PLEs. However, it might also signify that PLEs themselves
are responsible for elevated levels of perceived stress.

We observed that rs3800373 GG homozygotes are more likely to report a higher number
of PLEs in comparison to the rs3800373 T allele carriers. This stays in line with a previous
study showing that carrying the rs3800373 G allele of the FKBP5 gene is associated with a
higher risk for schizophrenia development [51]. Moreover, the C allele of rs3800373 has been
found to promote higher attachment insecurity in response to parenting insensitivity [52].
These results suggest that FKBP5 rs3800373 SNP plays an important role in the phenomenon
of the psychosis continuum. Considering that the FKBP5 gene moderates the brain response
and HPA-axis reactivity to stress, it seems reasonable that it is also responsible for the
variable susceptibility to PLEs development. However, the body of research on FKBP5
polymorphism is too small to draw conclusions about the exact mechanisms of specific
SNPs on PLEs.

We have found that the main effects of attachment style on the severity of PLEs were
significant in models testing for the associations with perceived self-efficacy and three
FKBP5 SNPs (rs1360780, rs9296158 and rs9470080). The results of the present study support
previous reports showing the relationship between FKBP5 gene polymorphisms and at-
tachment [52-55]. Only a few studies assessed FKBP5 gene polymorphism in the context of
attachment. It has been demonstrated that insecure attachment is associated with greater
cortisol reactivity levels in T allele carriers of rs1360780 FKBP5 gene polymorphism [53-55].
Accordingly, individuals carrying the T allele of rs1360780 were more likely to develop an
insecure attachment style, and thus experience more difficulties in coping when compared
to the CC homozygotes [54]. This may suggest that early life adversities like poor parent-
ing and an unprotective environment are responsible for altered neurodevelopment and
dysregulation of the stress-response system which results in higher proneness to PLEs and
impaired stress perception in adult life.

In individuals with dominant anxious attachment style, there was a significant effect of
the interaction between the FKBP5 rs4713902 SNP and self-efficacy on the severity of PLEs.
Among rs4713902 TT homozygotes, a low level of perceived self-efficacy was associated
with higher severity of PLEs. In subjects with non-dominant anxious attachment, a low
level of perceived self-efficacy was associated with a higher number of PLEs, regardless
of the genotype. Both attachment anxiety and a high level of perceived stress have been
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found to be associated with greater development of PLEs [56,57]. Therefore, considering
that the FKBP5 gene has been implicated in the development and severity of psychosis
and PLEs [41,42], it may suggest that anxious attachment style is associated with different
neurobiological mechanisms compared to other insecure attachment styles i.e., avoidant
attachment. Although we observed significant relationships between attachment, level
of perceived stress and PLEs it is impossible to establish the exact causality of PLEs
development. Disturbed attachment results from harmful and non-supportive environment
considered as early life adversity and may itself predispose to greater stress perception,
maladaptive coping strategies and leads to higher psychosis proneness. Nevertheless,
our results indicate that FKBP5 gene polymorphisms are responsible mostly for different
stress responses and HPA-axis reactivity plays a moderating role in these relationships.
Therefore, it can be hypothesized that carrying the T allele of SNP rs4713902 of the FKBP5
gene increases the risk for attachment anxiety which may further lead to both increased
level of perceived stress and greater risk for PLEs.

However, the findings of the present study should be interpreted in the light of several
limitations. First, we assessed only six SNPs. Hence, this may not fully represent the
moderating effect of the FKBP5 gene on assessed variables. Second, our study had a
relatively limited sample size. Furthermore, it is important to note that the assessment
of the variables was based on self-report questionnaires. This could cause recall bias
which might be characterized by overestimation of PLEs reported by respondents [58].
Moreover, we did not exclude participants with a history of clinical diagnosis. Taking into
consideration that the proportion of variance in the level of PLEs was relatively low, this
may suggest that other factors might be associated with PLEs. However, it is important to
highlight that none of the participants reported to be diagnosed with psychosis spectrum
disorders. Although the study was based on a non-clinical sample which may increase
generalizability to the general population, it might also limit the translation of findings to
clinical samples. However, the generalizability of the present results may also be limited
by a slightly higher number of female participants. Finally, a cross-sectional study design
does not allow to draw conclusions on causal effects. Further research should investigate
both non-clinical and clinical samples to identify whether the moderating effect of variants
in the FKBP5 gene on presented associations is relevant for the whole psychosis continuum.
Likewise, future studies may assess a higher number of SNPs in larger samples to enable
a relevant generalization of findings. Although we did not observe direct relationships
between specific insecure attachment styles and negative and positive PLEs it might be
worth considering examining these relationships in further research.

5. Conclusions

Despite several limitations, our results provide a novel contribution by showing that
the FKBP5 gene plays a moderating role in the relationships between perceived stress and
attachment style in the context of PLEs, increasing the risk of their development in TT
homozygotes of single nucleotide polymorphism rs4713902 with both low-level self-efficacy
and anxious attachment style when compared to C allele carriers. The GG homozygotes
of SNP rs3800373 are more likely to report PLEs than T allele carriers. Non-dominant
anxious attachment style and a low level of perceived self-efficacy were associated with a
higher number of reported PLEs. These results may indicate the importance of exploring
the field of the FKBP5 gene role in the development of PLEs to enable the design of novel
therapeutic directions which may focus on psychosis prevention. The present results
suggest that simple relations between attachment style and perceived stress level may
not be sufficient to comprehend its impact on the development of subthreshold psychotic
symptoms. The findings imply that candidate genes involved in stress-response may play
a pivotal role in moderating these associations. Future studies on larger samples and based
on extensive genetic assessment should consider replication of the findings and include
also other domains of the psychosis continuum.
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X. Zalaczniki

e Zalacznik nr 1 — zrodlo finansowania badan

Badanie to zostalo zrealizowane w ramach Projektu dla Mtodych Naukowcow
finansowanego przez Uniwersytet Medyczny we Wroctawiu (numer projektu:
STM.C230.18.034), projektu OPUS ,Interakcja pomigdzy traumg, osobowoscia a
funkcjami poznawczymi jako predyktor zwigkszonego rozwoju psychozy w populacji
0sob w wieku 18 — 35 lat. Badanie prospektywne” realizowanego w latach 2017-2021
(nr projektu: 2016/21/B/HS6/03210) oraz programu realizowanego przez Ministerstwo
Nauki 1 Szkolnictwa Wyzszego ,,Regionalna Inicjatywa Doskonato$ci” na lata 2019-
2022.
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e Zalagcznik nr 2 — o§wiadczenia wspotautorow

Prof. dr. hab. n. med. Andrzej Cechnicki Krakéw, 31.03.2022

Uniwersytet Jagiellonski-Collegium Medicum
Katedra Psychiatrii
Qérodek Psychiatrii Srodowiskowej
i Badan nad Psychozami
31-115 Krakow: pl. Sikorskiego 2/8
tel. 12 422+50-67
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Samochowiec J., Szczygiet K., Pawlak E., Szmida E., Skiba P., Cechnicki A., Misiak B. (2021). The Impact
of the FKBP5 Gene Polymorphisms on the Relationship between Traumatic Life Events and Psychotic-
Like Experiences in Non-Clinical Adults, Brain Sci. 2021, Apr 28;11(5):561 mdj udziat polegat na

przygotowaniu tekstu manuskryptu, a takze jego korekcie i ostatecznej akceptacji
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review. Archives of Psychiatry and Psychotherapy 2020, 22(3):7-16 m¢j udziat polegat na

przygotowaniu tekstu manuskryptu, jego korekcie, oraz jego ostateczne akceptacji.

<

Podpis Ylm
Oséwiadczam, ze w pracy Stramecki F., Frydecka D., Gaweda t., Prochwicz K., Ktosowska J.,
Samochowiec J., Szczygiet K., Pawlak E., Szmida E., Skiba P., Cechnicki A., Misiak B. (2021). The Impact
of the FKBP5 Gene Polymorphisms on the Relationship between Traumatic Life Events and Psychotic-
Like Experiences in Non-Clinical Adults, Brain Sci. 2021, Apr 28;11(5):561 mdj udziat polegat na
zaplanowaniu metodologii badar, analizie oraz krytycznej ocenie projektu, analizie zebranych danych

oraz ich interpretacji, przygotowaniu tekstu manuskryptu, a takze jego korekcie i ostatecznej akceptacii

¢
Podp Vl{Q&

Oséwiadczam, ze w pracy Stramecki F., Misiak, B., Gaweda t., Prochwicz K., Ktosowska J., Samochowiec
J., Samochowiec A., Pawlak E., Szmida E., Skiba P., Cechnicki A., Frydecka D. (2022). The Moderating
Role of the FKBP5 Gene Polymorphisms in the Relationship between Attachment Style, Perceived
Stress and Psychotic-like Experiences in Non-Clinical Young Adults, J. Clin. Med. 2022, 11(6), 1614 mdj
udziat polegat na zaplanowaniu metodologii badan, analizie oraz krytycznej ocenie projektu, analizie

zebranych danych oraz ich interpretacji, przygotowaniu tekstu manuskryptu, a takze jego korekcie i

ostatecznej akceptacji

Podpis

ot
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Dr hab. n. med. Dorota Frydecka, Prof. UMW Wroctaw, 31.03.2022
Katedra i Klinika Psychiatrii
Uniwersytetu Medycznego we Wroctawiu

OSWIADCZENIE

Oswiadczam, ze w pracy Stramecki F., Frydecka D., Misiak B. (2020). The role of the interaction
between the FKBP5 gene and stressful life events in the pathophysiology of schizophrenia: A
narrative review. Archives of Psychiatry and Psychotherapy 2020, 22(3):7-16. méj udziat polegat na

przygotowaniu tekstu manuskryptu, jego korekcie, oraz jego ostateczne akceptacji.

dr hab. n

specje

Podpis 1535993

Oswiadczam, ze w pracy Stramecki F., Frydecka D., Gaweda t., Prochwicz K., Ktosowska J.,
Samochowiec J., Szczygiet K., Pawlak E., Szmida E., Skiba P., Cechnicki A., Misiak B. (2021). The Impact
of the FKBPS Gene Polymorphisms on the Relationship between Traumatic Life Events and Psychotic-
Like Experiences in Non-Clinical Adults, Brain Sci. 2021, Apr 28;11(5):561 m¢j udziat polegat na
kierowaniu projektem naukowym, analizie oraz krytycznej ocenie projektu, analizie zebranych danych
oraz ich interpretacji, przygotowaniu tekstu manuskryptu, a takze jego korekcie i ostatecznej

akceptacji
dr ha

Podpis

Oswiadczam, ze w pracy Stramecki F., Misiak, B.,, Gaweda t., Prochwicz K., Kiosowska J.,
Samochowiec J., Samochowiec A., Pawlak E., Szmida E., Skiba P., Cechnicki A., Frydecka D. (2022). The
Moderating Role of the FKBP5 Gene Polymorphisms in the Relationship between Attachment Style,
Perceived Stress and Psychotic-like Experiences in Non-Clinical Young Adults, J. Clin. Med. 2022,
11(6), 1614 mdj udziat polegat na kierowaniu projektem naukowym, zaplanowaniu metodologii
badan, analizie oraz krytycznej ocenie projektu, analizie zebranych danych oraz ich interpretacji,

przygotowaniu tekstu manuskryptu, a takze jego korekcie i ostatecznej akceptacji

ed. Doroga Trydecka

n. med. Dorgja
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Megr. Inz. Elzbieta Szmida Wroctaw, 31.03.2022
Katedra i Zaktad Genetyki
Uniwersytetu Medycznego we Wroctawiu

OSWIADCZENIE

Odwiadczam, ze w pracy Stramecki F., Frydecka D., Gaweda t., Prochwicz K. Ktosowska J.,
Samochowiec J., Szczygiet K., Pawlak E., Szmida E., Skiba P., Cechnicki A., Misiak B. (2021). The Impact
of the FKBPS Gene Polymorphisms on the Relationship between Traumatic Life Events and Psychotic-
Like Experiences in Non-Clinical Adults, Brain Sci. 2021, Apr 28;11(5):561 mdj udziat polegat na
wykonaniu czesci badan, przygotowaniu tekstu manuskryptu, a takze jego korekcie i ostatecznej
akceptacji

Ukt S<AQ

Podpis

Oéwiadczam, ze w pracy Stramecki F., Misiak, B., Gaweda t., Prochwicz K. Kiosowska J.,
Samochowiec J., Samochowiec A., Pawlak E., Szmida E., Skiba P., Cechnicki A., Frydecka D. (2022). The
Moderating Role of the FKBP5 Gene Polymorphisms in the Relationship between Attachment Style,
Perceived Stress and Psychotic-like Experiences in Non-Clinical Young Adults, J. Clin. Med. 2022,
11(6), 1614 méj udziat polegat na wykonaniu czes$éi badan, przygotowaniu tekstu manuskryptu, a

takze jego korekcie i ostatecznej akceptacji

Ul lboe ool
Podpis
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Dr hab. n. med. tukasz Gaweda, Prof. IP PAN Warszawa, 31.03.2022
Pracownia Psychopatologii Eksperymentalnej
Instytut Psychologii, Polska Akademia Nauki

OSWIADCZENIE

Oswiadczam, ze w pracy Stramecki F., Frydecka D., Gaweda t., Prochwicz K., Ktosowska J.,
Samochowiec J., Szczygiet K., Pawlak E., Szmida E., Skiba P., Cechnicki A., Misiak B. (2021). The Impact
of the FKBPS Gene Polymorphisms on the Relationship between Traumatic Life Events and Psychotic-
Like Experiences in Non-Clinical Adults, Brain Sci. 2021, Apr 28;11(5):561 mdj udziat polegat na analizie
oraz krytycznej ocenie projektu, zbieraniu danych oraz ich analizie i interpretacji, przygotowaniu tekstu

manuskryptu, a takze jego korekcie i ostatecznej akceptacji
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Podpis

Oswiadczam, ze w pracy Stramecki F., Misiak, B., Gaweda t., Prochwicz K., Ktosowska J., Samochowiec
J., Samochowiec A., Pawlak E., Szmida E., Skiba P., Cechnicki A., Frydecka D. (2022). The Moderating
Role of the FKBP5 Gene Polymorphisms in the Relationship between Attachment Style, Perceived
Stress and Psychotic-like Experiences in Non-Clinical Young Adults, J. Clin. Med. 2022, 11(6), 1614 mdj
udziat polegat na analizie oraz krytycznej ocenie projektu, zbieraniu danych oraz ich analizie i

interpretacji, przygotowaniu tekstu manuskryptu, a takze jego korekcie i ostatecznej akceptacji
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Podpis
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Prof. dr hab. Agnieszka Samochowiec Szczecin, 31.03.2022
Katedra Psychologii Klinicznej i Psychoprofilaktyki
Instytut Psychologii, Uniwersytet Szczeciniski

OSWIADCZENIE

Oswiadczam, 7e w pracy Stramecki F., Misiak, B., Gaweda t., Prochwicz K., Kfosowska J.,
Samochowiec J., Samochowiec A., Pawlak E., Szmida E., Skiba P., Cechnicki A., Frydecka D. (2022). The
Moderating Role of the FKBP5 Gene Polymorphisms in the Relationship between Attachment Style,
Perceived Stress and Psychotic-like Experiences in Non-Clinical Young Adults, J. Clin. Med. 2022,
11(6), 1614 moj udziat polegat na przygotowaniu tekstu manuskryptu, jego korekcie, oraz jego

ostatecznej akceptacji.
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Prof. Dr hab. n. med. Jerzy Samochowiec Szczecin, 31.03.2022
Katedra i Klinika Psychiatrii
Pomorski Uniwersytet Medyczny w Szczecinie

OSWIADCZENIE

Oéwiadczam, ze w pracy Stramecki F., Frydecka D., Gaweda t., Prochwicz K., Kiosowska ).,
Samochowiec J., Szczygiet K., Pawlak E., Szmida E., Skiba P., Cechnicki A., Misiak B. (2021}. The Impact
of the FKBP5 Gene Polymorphisms on the Relationship between Traumatic Life Events and Psychotic-
. Like Experiences in Non-Clinical Adults, Brain Sci. 2021, Apr 28;11(5):561 mdj udziat polegat na

przygotowaniu tekstu manuskryptu, a takze jego korekcie i ostatecznej akceptacji
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Oéwiadczam, ze w pracy Stramecki F., Misiak, B., Gaweda t., Prochwicz K., Ktosowska J., Samochowiec
1., Samochowiec A., Pawlak E., Szmida E., Skiba P., Cechnicki A., Frydecka D. (2022). The Moderating
Role of the FKBP5 Gene Polymorphisms in the Relationship between Attachment Style, Perceived
Stress and Psychotic-like Experiences in Non-Clinical Young Adults, J. Clin. Med. 2022, 11(6), 1614 mdj

udziat polegat na przygotowaniu tekstu manuskryptu, a takze jego korekcie i ostatecznej akceptacji
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mgr Pawet Skiba Wroctaw, 31.03.2022
Katedra i Zaktad Genetyki
Uniwersytet Medyczny we Wroctawiu

OSWIADCZENIE

Oswiadczam, ze w pracy Stramecki F., Frydecka D., Gaweda t., Prochwicz K., Ktosowska J.,
Samochowiec J., Szczygiet K., Pawlak E., Szmida E., Skiba P., Cechnicki A., Misiak B. (2021). The Impact
of the FKBP5 Gene Polymorphisms on the Relationship between Traumatic Life Events and Psychotic-
Like Experiences in Non-Clinical Adults, Brain Sci. 2021, Apr 28;11(5):561 mdj udziat polegat na
przeprowadzeniu czesci badan, przygotowaniu tekstu manuskryptu, a takze jego korekcie i ostatecznej
akceptacji

7
Podpis

Oéwiadczam, ze w pracy Stramecki F., Misiak, B., Gaweda t., Prochwicz K., Ktosowska J., Samochowiec
J., Samochowiec A., Pawlak E., Szmida E., Skiba P., Cechnicki A., Frydecka D. (2022). The Moderating
Role of the FKBP5 Gene Polymorphisms in the Relationship between Attachment Style, Perceived
Stress and Psychotic-like Experiences in Non-Clinical Young Adults, J. Clin. Med. 2022, 11(6), 1614 moj
udziat polegat na przeprowadzeniu czesci badari, przygotowaniu tekstu manuskryptu, a takze jego

korekcie i ostatecznej akceptacji
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Dr hab. Katarzyna Prochwicz, prof. UJ Krakéw, 31.03.2022
Zaktad Psychologii Klinicznej
Uniwersytet Jagielloriski w Krakowie

OSWIADCZENIE

Oswiadczam, ze w pracy Stramecki F., Frydecka D., Gaweda t., Prochwicz K., Ktosowska J.,
Samochowiec J., Szczygiet K., Pawlak E., Szmida E., Skiba P., Cechnicki A., Misiak B. (2021). The Impact
of the FKBP5 Gene Polymorphisms on the Relationship between Traumatic Life Events and Psychotic-
Like Experiences in Non-Clinical Adults, Brain Sci. 2021, Apr 28;11(5):561 mdj udziat polegat na
przeprowadzeniu czesci badan, edycji tekstu manuskryptu, a takze jego korekcie i ostatecznej

akceptacji
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Podpis

Oswiadczam, ze w pracy Stramecki F., Misiak, B., Gaweda t., Prochwicz K., Ktosowska J., Samochowiec
J., Samochowiec A., Pawlak E., Szmida E., Skiba P., Cechnicki A., Frydecka D. (2022). The Moderating
Role of the FKBP5 Gene Polymorphisms in the Relationship between Attachment Style, Perceived
Stress and Psychotic-like Experiences in Non-Clinical Young Adults, J. Clin. Med. 2022, 11(6), 1614 mdj
udziat polegat na przeprowadzeniu czesci badan, edycji tekstu manuskryptu, a takze jego korekcie i

ostatecznej akceptacji
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INSTYTUT IMMUNOLOGII I TERAPII DOSWIADCZALNE]
IM. LUDWIKA HIRSZFELDA
POLSKIE]J AKADEMII NAUK
Centrum Doskonalosci : IMMUNE
Rudolfa Weigla 12, 53-114 Wroclaw, POLSKA
Telefon: (+48-71) 337 1172, (+48-71)3709930 Fax: (+48-71) 3372171
www.iitd. pan.wroc.pl

Wroctaw, 31.03.2022

dr hab. n. med. Edyta Pawlak, prof. PAN

Instytut Immunologii i Terapii Do§wiadczalnej im. L. Hirszfelda
Polskiej Akademii Nauk

Wroctaw

OSWIADCZENIE

Oswiadczam, ze w pracy Stramecki F., Frydecka D., Gaweda L., Prochwicz K., Ktosowska J.,
Samochowiec J., Szczygiet K., Pawlak E., Szmida E., Skiba P., Cechnicki A., Misiak B. (2021).
The Impact of the FKBP5 Gene Polymorphisms on the Relationship between Traumatic Life
Events and Psychotic-Like Experiences in Non-Clinical Adults, Brain Sci. 2021, Apr
28;11(5):561, méj udziat polegat na przeprowadzeniu cze$ci badan, przygotowaniu tekstu
manuskryptu, a takze jego korekcie i ostatecznej akceptacii

MESTYTUT IMMUNOLOGII !J:k/\\) QL -

1l DOSWIADCZALNEJ Podpis
vika Hirszfelda
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Oswiadczam, ze w pracy Stramecki F., Misiak, B., Gaweda .., Prochwicz K., Klosowska J.,
Samochowiec J., Samochowiec A., Pawlak E., Szmida E., Skiba P., Cechnicki A., Frydecka D.
(2022). The Moderating Role of the FKBP5 Gene Polymorphisms in the Relationship between
Attachment Style, Perceived Stress and Psychotic-like Experiences in Non-Clinical Young
Adults, J. Clin. Med. 2022, 11(6), 1614, méj udziat polegat na przeprowadzeniu czgsci badan,
przygotowaniu tekstu manuskryptu, a takze jego korekcie i ostatecznej akceptacj 1

im. Ludwi i

Ve
! : i Podpis
53-114 Wr w, ul. Rudolfa Weigla 12
tel. 71 337-11-72, fax: 71 337-13-82

X
INSTYTUT IMMUNOLOG!H! - /S IQ//
| TERAPII DOSW!ADCZ/SLNEJ L{/@JN\W\ CnK o M
i irszfelda

NPE65-606-56-3

KNOYy

Krajowy Naukowy Osrodek Wiodacy (KNOW) Wroctawskie Centrum Biotechnologii 2014-2018

77



Prof. Dr hab. n. med. lerzy Samochowiec Szczecin, 31.03.2022
Katedra i Klinika Psychiatrii

Pomorski Uniwersytet Medyczny w Szczecinie

OSWIADCZENIE

Oséwiadczam, ze udziat lek. Krzysztofa Szczygta w pracy Stramecki F., Frydecka D., Gaweda t., Prochwicz
K., Ktosowska J., Samochowiec J., Szczygiet K., Pawlak E., Szmida E., Skiba P., Cechnicki A., Misiak B.
(2021). The Impact of the FKBP5 Gene Polymorphisms on the Relationship between Traumatic Life
Events and Psychotic-Like Experiences in Non-Clinical Adults, Brain Sci. 2021, Apr 28;11(5):561 polegat

na przygotowaniu tekstu manuskryptu, a takze jego korekcie i ostatecznej akceptacji.

Podpis
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dr Joanna Ktosowska Krakow, 31.03.2022
Zaktad Psychologii Klinicznej
Uniwersytet Jagiellonski w Krakowie

OSWIADCZENIE

Oswiadczam, ze w pracy Stramecki F. Frydecka D., Gaweda t., Prochwicz K., Kiosowska I,
Samochowiec J., Szczygiet K., Pawlak E., Szmida E., Skiba P., Cechnicki A., Misiak B, (2021). The Impact
of the FKBP5 Gene Polymorphisms on the Relationship between Traumatic Life Events and Psychotic-
Like Experiences in Non-Clinical Adults, Brain Sci. 2021, Apr 28;11(5):561 méj udziat polegat na
przeprowadzeniu czesci badad, edycji tekstu manuskryptu, a takze jego korekcie i ostatecznej

akceptacji
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Podpis

Oswiadczam, ze w pracy Stramecki F., Misiak, B., Gaweda t., Prochwicz K., Ktosowska J., Samochowiec
J., Samochowiec A., Pawlak E., Szmida E., Skiba P., Cechnicki A., Frydecka D. (2022). The Moderating
Role of the FKBP5 Gene Polymorphisms in the Relationship between Attachment Style, Perceived
Stress and Psychotic-like Experiences in Non-Clinical Young Adults, J. Clin. Med. 2022, 11(6), 1614 moj
udziat polegat na przeprowadzeniu czgsci badan, edycji tekstu manuskryptu, a takze jego korekcie i

ostatecznej akceptacji
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e Zalacznik nr 3 - nota biograficzna autora

Filip Stramecki urodzit si¢ 6 maja 1991 r. we Wroctawiu. W roku 2016 ukonczyt studia
na Wydziale Lekarskim Uniwersytety Medycznego we Wroclawiu i uzyskat tytut i prawo
wykonywania zawodu lekarza. Od 2017 roku jest doktorantem w Katedrze i Klinice Psychiatrii
Uniwersytetu Medycznego we Wroctawiu. W 2018 roku rozpoczat szkolenie specjalizacyjne
z psychiatrii w Dolnoslaskim Centrum Zdrowia Psychicznego we Wroctawiu. Od 2019 roku
pracuje w Oddziale Psychiatrycznym dla Dzieci i Mlodziezy Sudeckiego Centrum Zdrowia
w Pieszycach, w Centrum Medycznym Ginemedica we Wroctawiu i Centrum Diagnozy
1 Psychoterapii CEBET w Nysie. Do§wiadczenie zawodowe i naukowe zdobyt uczestniczac
czynnie w projektach Narodowego Centrum Nauki w mig¢dzynarodowych konferencjach
mi¢dzynarodowych naukowych. Filip Stramecki jest autorem 17 publikacji pelnotekstowych
o liczbie punktéw MNiSW 1268 (IF=56.084).
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Zatacznik nr 4 — wykaz publikacji autora

Wykaz publikacji

Filip Stramecki

Pelne prace:

Lp.

Tytul, autorzy, zrodlo

IF

PK

1.

Adjuvant anti-inflammatory therapy in schizophrenia - current evidence =
Adjuwantowa terapia przeciwzapalna w schizofrenii - aktualny stan wiedzy. [AUT.]
FILIP STRAMECKI, BLAZE] MISIAK, DOROTA FRYDECKA.

Farmakoter. Psychiatr.Neurol. 2017 Vol.33 nr 3-4 5.225-238, bibliogr. 59 poz., streszcz.,
summ. DOI: 10.17393/fpn.2017.12.008

0,000

8,00

Obszary stygmatyzacji i dyskryminacji 0s6b chorujgcych psychicznie wéréd
respondentéw internetowych w Polsce (Areas of stigma and discrimination of
mentally ill people among Internet respondents in Poland). [AUT.] MATEUSZ
BABICKI, KAMILA KOTOWICZ, PATRYK PIOTROWSKI, FILIP STRAMECK]I,
AGNIESZKA KOBYLKO, JOANNA RYMASZEWSKA. Psychiatr.Pol. 2018 T.52 nr 1
5.93-102, ryc., tab., bibliogr. 18 poz., summ. DOI: 10.12740/PP/76861

1,311

15,00

Assessment of the association between cigarette smoking and cognitive performance in
patients with schizophrenia-spectrum disorders: a case-control study. [AUT.] FILIP
STRAMECKI, KAMILA D. KOTOWICZ, PATRYK PIOTROWSKI, DOROTA
FRYDECKA, JOANNA RYMASZEWSKA, JAN ALEKSANDER BESZLEJ, JERZY
SAMOCHOWIEC, MARCIN JABLONSKI, MICHAL WRONSKI, AHMED A.
MOUSTAFA, BLAZEJ MISIAK. Front.Psychiatr. 2018 Vol.9 art.642 [7 s.], tab., bibliogr.
49 poz., summ. DOI: 10.3389/fpsyt.2018.00642

3,161

10,00

Decreased use of active coping styles contributes to elevated allostatic load index in
first-episode psychosis. [AUT.] BLAZEJ MISIAK, KAMILA KOTOWICZ, OLGA
LOSKA, FILIP STRAMECKI, JAN ALEKSANDER BESZLEJ, JERZY
SAMOCHOWIEC, MARCIN JABLONSKI, PIOTR PODWALSKI, KATARZYNA
WASZCZUK, MICHAL WRONSKI, ANNA MICHALCZYK, LESZEK SAGAN,
PATRYK PIOTROWSKI. Psychoneuroendocrinology 2018 Vol.96 s.166-172, ryc., tab.,
bibliogr., summ. DOI: 10.1016/j.psyneuen.2018.06.021

4,013

40,00

Vascular endothelial growth factor in patients with schizophrenia: a systematic review
and meta-analysis. [AUT.] BLAZEJ MISIAK, FILIP STRAMECKI, BARTLOMIEJ
STANCZYKIEWICZ, DOROTA FRYDECKA, ALBA LUBEIRO. Prog.Neuro-
Psychopharmacol. Biol. Psychiatry 2018 Vol.86 s.24-29, ryc., tab., bibliogt., summ. DOI:
10.1016/j.pnpbp.2018.05.005

4,315

35,00

Interactions between variation in candidate genes and environmental factors in the
etiology of schizophrenia and bipolar disorder: a systematic review. [AUT.] BLAZE]
MISIAK, FILIP STRAMECKI, LUKASZ GAWEDA, KATARZYNA PROCHWICZ,
MARIA M. SASIADEK, AHMED A. MOUSTAFA, DOROTA FRYDECKA.
Mol.Neurobiol. 2018 Vol.55 n0.6 5.5075-5100, ryc., tab., bibliogr. 174 poz., summ. DOI:
10.1007/s12035-017-0708-y

4,586

40,00

Profiling inflammatory signatures of schizophrenia: a cross-sectional and meta-
analysis study. [AUT.] DOROTA FRYDECKA, MALGORZATA KRZYSTEK-
KORPACKA, ALBA LUBEIRO, FILIP STRAMECKI, BARTLOMIEJ
STANCZYKIEWICZ, JAN ALEKSANDER BESZLEJ, PATRYK PIOTROWSKI,
KAMILA KOTOWICZ, MONIKA SZEWCZUK-BOGUSLAWSKA, EDYTA PAWLAK-

ADAMSKA, BLAZEJ MISIAK. Brain Behav.Immun. 2018 Vol.71 s.28-36, tab., bibliogr.
summ. DOI: 10.1016/j.bbi.2018.05.002

6,170

40,00

81



Coping styles and symptomatic manifestation of first-episode psychosis: focus on
cognitive performance. [AUT.] FILIP STRAMECKI, KAMILA KOTOWICZ, PATRYK
PIOTROWSKI, JAN ALEKSANDER BESZLEJ, JOANNA RYMASZEWSKA, JERZY
SAMOCHOWIEC, AGNIESZKA SAMOCHOWIEC, AHMED A. MOUSTAFA,
MARCIN JABLONSKI, PIOTR PODWALSKI, KATARZYNA WASZCZUK, MICHAL
WRONSKI, BLAZEJ MISIAK. Psychiatry Res. 2019 Vol.272 5.246-251, tab., bibliogr.,
summ. DOIL: 10.1016/j.psychres.2018.12.083

2,118

100,00

Elevated allostatic load index is associated with working memory deficits in first-
episode psychosis [letter to the editor]. [AUT.] BLAZEJ MISIAK, KAMILA
KOTOWICZ, OLGA LOSKA, FILIP STRAMECKI, JAN ALEKSANDER BESZLEJ,
JERZY SAMOCHOWIEC, AGNIESZKA SAMOCHOWIEC, MARCIN JABLONSKI,
PIOTR PODWALSKI, KATARZYNA WASZCZUK, MICHAL WRONSKI, ANNA
MICHALCZYK, LESZEK SAGAN, PATRYK PIOTROWSKI. Schizophr.Res. 2019
Vol.204 5.439-441, tab., bibliogr. DOI: 10.1016/j.schres.2018.09.003

3,759

140,00

10.

Adiponectin levels in patients with bipolar disorder: a systematic review and meta-
analysis. [AUT.] BLAZEJ MISIAK, FILIP STRAMECKI, JUSTYNA KASZNIA,
MICHAL LIS, BARTLOMIEJ STANCZYKIEWICZ. Psychoneuroendocrinology 2019
Vol.104 5.74-79, ryc., tab., bibliogr., summ. DOI: 10.1016/j.psyneuen.2019.02.019

4,732

140,00

11.

Appetite regulating hormones in first-episode psychosis: a systematic review and
meta-analysis. [AUT.] BLAZEJ MISIAK, FRANCESCO BARTOLI, FILIP
STRAMECKI, JERZY SAMOCHOWIEC, MICHAL LIS, JUSTYNA KASZNIA,
KONRAD JAROSZ, BARTLOMIEJ STANCZYKIEWICZ. Neurosci. Biobehav.Rev. 2019
Vol.102 5.362-370, ryc., tab., bibliogr., summ. DOI: 10.1016/j.neubiorev.2019.05.018
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