UNIWERSYTET MEDYCZNY

IM. PIASTOW SLASKICH WE WROCLAWIU

Bartosz Bugaj

Okreslenie biomarkerow
zwigzanych z obrazem klinicznym
oraz odpowiedzig na leczenie
u chorych na spondyloartropatie osiowe

Rozprawa na stopien doktora nauk medycznych

Promotor: prof. dr hab. Jerzy Swierkot

Promotor pomocniczy: dr inz. Katarzyna Gorna

Wroctaw 2023



Podziekowania

Serdeczne podziekowania sktadam:

Promotorowi — Panu prof. Jerzemu Swierkotowi
Za otworzenie przede mnq drzwi do prawdziwej nauki,
inspiracje oraz niewyczerpane poktady cierpliwosci

Pracownikom Instytutu Immunologii i Terapii Doswiadczalnej PAN,
z ktérymi miatem przyjemnos$¢ wspétpracowac,
zwlaszcza Pani prof. Katarzynie Boguni-Kubik,
Pani dr inz. Katarzynie Gornej i Pani dr Joannie Wielinskiej
Za olbrzymi wkiad pracy w czes¢ laboratoryjnq badania
oraz pomoc merytorycznq i organizacyjnq — bez Was nie byloby tej rozprawy!

Rodzinie, zwlaszcza Rodzicom i Dziadkom
Za rozpalenie we mnie ciekawosci Swiata,
wsparcie przez caly okres realizacji tego projektu
oraz za mozliwos¢ spetniania marzen

Wszystkim Kolezankom i Kolegom z Kliniki Reumatologii Uniwersyteckiego Szpitala Klinicznego
Za pozytywnq motywacje

Nie dokonuje odkrycia, kto nie bada niemozliwosci
Albert Einstein



Spis tresci

1. Publikacje skladajace sie Na dySeItacj........ccceeueirierrieinieriiiinieeitente et et stesaeeseessreeseesneees 4
2. Wykaz SkrotOw UZYLYCh W teKSCIO...cccuviiieiiieeiieicee ettt e e e s aa e e s 5
3. Streszczenie W JEZYKU POISKIIM....c.uiiiiiiiiiiiiiieeieetee ettt as 6
4. Streszczenie W jeZyKu angielSKilM........ccuuiiiiiiiiiiiieiiecciecete ettt sre e sre e s aae e s aae e 8
5. WDTOWAAZEML. ......eeiiiiieeiieiiieeieesite ettt ste et e st e st e sabe e atessbee st essseesstesssaesstessseesssessaesssesnsessssesnses 10
5.1. Spondyloartropatie — podstawowe informacje...........cceecveevreeeieeiieeniieeneeee e 10

5.2, PALOZRNOZA. ......eueeeeiiiiiieeeeetteeeeett ettt ettt e e et e e s et e e e st e e e e e e e s e na e e e e nrneeeeeanres 11

TG T D F= 4 (0 1) 1 4 U O RRPPRRRRRR 12

5.4, LIBCZOMIL......eiiiiiiiiiiiieiteeete ettt ettt b e s eaae e s 13

5.5, BIOMATKETY...ccutiiiiiieiieeeie ettt ettt ste e e ste e et e e e saaeesaaeesssaeeeaaeesssaeessbeeensseeas 14

6. CRLE PIACY...ceiuiieiiieiieiteeteett ettt ettt s bt et s b e et e e st e e bt e s st e e b e e e st e e bt e ea b e e beeeabeesaeeateenbaeenseennas 16
7. CYKL PUDIKAC . eeietiieiiieeiieeieeee ettt ettt e et e e et e e e aae e s aaeeesaeesnsaaesssaaene o s 17
7.1. Searching for New Genetic Biomarkers of Axial Spondyloarthritis...........ccccceeeueenunenee. 18

7.2. VDR Polymorphic Variants Are Related to Improvements in CRP and Disease Activity

in Patients with Axial Spondyloarthritis That Undergo Anti-TNF Treatment................. 35

7.3. Genetic Research in Axial Spondyloarthropathies - What Do We Know™...................... 52

8. Charakterystyka PUDLIKACH.......cceevuiiriieiiiiieieeeeeeeeeete ettt e 64
9. Materialy i metodyka DadaWCzZa.........c.ueeeuiiiiiiiiiiieeiecceccee e aa e 64
9.1. Populacja badana........c.ceeeeeieeriiriiiiiieeieerteeie ettt sttt st e st sbeesaeeens 64

9.2. Pobieranie materiall i GeNOtYPOWANIE. ......ueevrruieiriiieeiieeeieeeiteeeiee et e e seae e s eae e 65

9.3. ANAlIZA StALYSTYCZINA. ce.uveitieriieeiieeieeiiesieesiee et eseesteesttesseesaeesseesssesssaesssessseesssessseesseenns 65

10. Przedstawienie WynikOw Dadan..........ccceeecuirieiiiiiiiiiieiieccieeesieccste e esre e aa e aae e s 66
11, DYSKUS A tutteeiieeiieniienieerit et este st e e st e st e st e e bt e st e st e e s st e esseessbessseesstesssaasssesasaenssesnseenssesnsaenssans 69
12, WIHOSKI ettt ettt et e st e bt e e st e st e e s a e e et e e s st e s b e e e ateeabeesaeeebeenaeean 75
ISR 23] 10 o4 - Vi - TR O OSSPSR 76
14. Oswiadczenia autora/WSPOTAULOTOW.........ccccuiiriuieieiieeeiieeeieeesieeesteeesaeeesreeessseesssneesssseesssseesssees 85



1. Publikacje skladajace sie na dysertacje

1. [publikacjal] Bartosz Bugaj, Joanna Wielifiska, Katarzyna Bogunia-Kubik, Jerzy Swierkot.
Searching for New Genetic Biomarkers of Axial Spondyloarthritis. J Clin Med. 2022;11(10):2912.
doi: 10.3390/jcm11102912.

2. [publikacja2] Bartosz Bugaj, Joanna Wielifiska, Jerzy Swierkot, Katarzyna Bogunia-Kubik,
Katarzyna Gorna. VDR Polymorphic Variants Are Related to Improvements in CRP and Disease
Activity in Patients with Axial Spondyloarthritis That Undergo Anti-TNF Treatment. Genes (Basel).
2022;13(10):1873. doi: 10.3390/genes1310187.

3. [publikacja3] Bartosz Bugaj, Katarzyna Bogunia-Kubik, Jerzy Swierkot. Genetic Research
in Axial Spondyloarthropathies - What Do We Know? Biomed J Sci & Tech Res. 2022;42(1).
doi: 10.26717/BJSTR.2022.42.006680.



2. Wykaz skrotow uzytych w tekscie

AAU (ang. acute anterior uveitis) — ostre zapalenie przedniego odcinka btony naczyniowej oka
ADAD (ang. antidrug antibodies) — przeciwciata przeciwlekowe

ASAS (ang. Assessment of SpondyloArthritis International Society) — Miedzynarodowe
Stowarzyszenie ds. Oceny Spondyloartropatii

AUC (ang. area under a curve) — obszar (pole powierzchni) pod krzywa

axSpA (ang. axial spondyloarthritis) — spondyloartropatia osiowa

BASDAI — ang. Bath Ankylosing Spondylitis Disease Activity Index

bDMARD (ang. biological disease-modifying antirheumatic drugs) — biologiczne leki modyfikujace
przebieg choroby

CNYV (ang. copy number variation) — polimorfizm liczby kopii

CRP - biatko C-reaktywne

DMARD (ang. disease-modifying antirheumatic drugs) — leki modyfikujace przebieg choroby
Enthesitis — zapalenie przyczepéw Sciegnistych

ESSG — ang. European Spondyloarthropathy Study Group

G-PROB - ang. Genetic Probability Tool

GRS (ang. genetic risk score) — genetyczne skale ryzyka

HLA-B27 (ang. human leukocyte antigen B-27) — ludzki antygen leukocytarny B-27

IBD (and. inflammatory bowel disease) — nieswoiste zapalenia jelit

IL — interleukina

IL-17i — inhibitor interleukiny-17

IL23R —receptor interleukiny-23

JAKi (ang. Janus kinase inhibitors) — inhibitory kinaz janusowych

MHC (ang. major histocompatibility complex) — gtowny uktad zgodnosci tkankowej

mNY (ang. Modified New York criteria) — zmodyfikowane kryteria nowojorskie

mSASSS — ang. modified Stoke Ankylosing Spondylitis Spinal Score

MR - rezonans magnetyczny

NLPZ — niesteroidowe leki przeciwzapalne

nr-axSpA — nieradiograficzna spondyloartropatia osiowa

OB - odczyn Biernackiego

PCR (ang. polymerase chain reaction) — fanncuchowa reakcja polimerazy

r-axSpA — radiograficzna spondyloartropatia osiowa

SIJ (ang. sacroiliac joints) — stawy krzyzowo-biodrowe

SNP (ang. single nucleotide polymorphism) — polimorfizm pojedynczego nukleotydu

SpA — spondyloartropatia

TNF (ang. tumour necrosis factor) — czynnik martwicy nowotworéw

TNFi — inhibitory czynnika martwicy nowotworéw

tsDMARD (ang. targeted synthetic disease-modifying antirheumatic drugs) — celowane syntetyczne
leki modyfikujace przebieg choroby

Uveitis — zapalenie blony naczyniowej oka

VAS (ang. Visual Analogue Scale) — wizualna skala analogowa (uzywana do pomiaru bélu plecow)
VS — Versus

Z7SK — zesztywniajace zapalenie stawow kregostupa



3. Streszczenie w jezyku polskim

Wstep

Spondyloartropatie (SpA) to grupa choréb, w ktérych dochodzi do zapalenia stawdw
kregostupa i tkanek okolokregostupowych, stawow obwodowych, przyczepoéw Sciegnistych
oraz zmian w narzadach poza ukladem ruchu. Wyro6znia sie posta¢ osiowa SpA (axSpA), w ktorej
dominuja objawy ze strony kregostupa oraz posta¢ obwodowaq, manifestujqcq sie gtéwnie zapaleniem
stawOw koniczyn dolnych, Sciegien i palcow. Wérod objawow pozastawowych najczesciej obserwuje
sie zapalenie btony naczyniowej oka (uveitis), nastepnie tuszczyce i nieswoiste zapalenia jelit (IBD,
ang. inflammatory bowel disease).

Patogeneza axSpA nie jest do konca poznana. Wazng role w rozwoju choroby odgrywaja
czynniki genetyczne i Srodowiskowe. Wérod genow duzy wklad w dziedziczno$¢ choroby ma ludzki
antygen leukocytarny B-27 (HLA-B27). Zidentyfikowano takze wiele loci poza gtéwnym uktadem
zgodnosci tkankowej (MHC). Funkcjonalnie niektére odpowiadaja za prezentacje antygendw, czes¢
bierze udziat w odpowiedzi Th17, a inne regulujq funkcje makrofagéw i komorek T.

Liczne pytania dotycza postepowania z chorymi w praktyce klinicznej. Ze wzgledu na brak
specyficznych biomarkeréw rozpoznanie oparte jest na potgczeniu objawow klinicznych, wynikéw
badan laboratoryjnych i obrazowych. Réwniez badanie fizykalne w przypadku axSpA czesto jest
niemiarodajne, lekarze nie sq w stanie ocenic zapalenia stawow kregostupa. Proces diagnozy moze
trwac wiele lat. W terapii problemem jest brak skutecznos$ci lekow u czeSci pacjentéw lub dziatania
niepozadane. Inne pytania dotycza wyboru leku dla konkretnego pacjenta lub dalszej terapii
w przypadku konieczno$ci zmiany farmaceutyku.

Cele badania

Celem badania byta préba znalezienia nowych biomarkerow zwigzanych z zachorowalnoscia
na axSpA, a takze prognozujacych wystapienie objawéw pozastawowych, czy skutecznos¢ terapii
anty-TNF (tumour necrosis factor). Ponadto poszukiwano czynnikow ryzyka aktywnej postaci
choroby.

Materiat i metody

Grupa badana skladata sie ze 106. chorych: 86. z rozpoznanym zesztywniajacym zapaleniem
stawow kregostupa wg zmodyfikowanych kryteriow nowojorskich oraz 20. z rozpoznaniem
nieradiograficznej axSpA wg kryteriow ASAS. Grupe kontrolng stanowito 110. zdrowych oséb.
Zebrano podstawowe dane kliniczne oraz informacje nt. obecnosci HLA-B27, wystepowania
zapalenia stawow obwodowych, czy farmakoterapii axSpA. Opisano wystepowanie nastepujacych
objawow pozastawowych: uveitis, zapalenia przyczepow S$ciegnistych (enthesitis), luszczycy
oraz IBD.

Obserwacja zaczela sie¢ w momencie rozpoczecia terapii biologicznej anty-TNF,
po stwierdzeniu nieskutecznosci leczenia pierwszego stopnia lub gdy istnialy przeciwwskazania
do takiej terapii. Oznaczono parametry laboratoryjne: CRP i OB, morfologie, kreatynine,
aminotransferazy alaninowq i asparaginianowa. Aktywno$¢ choroby oceniono za pomocg Bath
Ankylosing Spondylitis Disease Activity Index (BASDAI) oraz wizualnej skali analogowej bdlu
plecow (VAS, ang. Visual Analogue Scale). Kolejne badania monitorujgce odpowiedz na terapie anty-
TNF wykonano po dwunastu i dwudziestu czterech tygodniach (+ cztery tygodnie).

Do analizy genetycznej wybrano 10. polimorfizméw pojedynczego nukleotydu (SNP,
ang. single nucleotide polymorphism): ERAP1 rs2287987, ERAP2 rs2549782, FCGR2A rs1801274,
TNF 151800629, TNFRSF1A 15767455, TNFRSF1B 1rs1061622, VDR 1rs7975232, rs1544410,
1s2228570, rs731236.



Wyniki

Czestotliwosc¢ genotypow i alleli nie réznita sie miedzy populacjq badang a grupa kontrolna.
Analiza wystepowania objawéw pozastawowych wykazata zaleznosci dla genotypu ERAPI
1s2287987 AA i enthesitis (AA vs G+, p = 0,049) oraz TNFRSF1B rs1061622 GG i uveitis (GG vs TT,
p =0,042).

Opisano korelacje dotyczace aktywnosci choroby przed leczeniem anty-TNF dla TNFRSF1A
rs767455 TT oraz stezenia CRP (TT vs TC, p = 0,006), TNFRSF1B 151061622 GG oraz wartoSci
BASDAI (TT + TG vs GG, p = 0,005; TG vs GG, p = 0,004) i VAS bdlu kregostupa (TT + TG vs GG,
p =0,001; TG vs GG, p = 0,001; TT vs GG, p = 0,002), a takze dla BASDAI oraz polimorfizméw
VDR 152228570 TT (CT vs TT, p = 0,032; CC + CT vs TT, p = 0,036) i 1s7975232 AC (AA vs AC,
p =0,030).

Potencjal prognozowania skutecznosci leczenia anty-TNF wykazaly ERAPI1 1s2287987,
ERAP2 152549782 oraz TNFRSF1B 151061622 w przypadku pomiaru OB. Ponadto, gdy aktywnos¢
choroby oceniono za pomoca wartosci BASDALI, stwierdzono istotnie statystyczne zaleznosci dla
TNFRSF1B 51061622, FCGR2A rs1801274, VDR 1s731236 i VDR rs7975232 (p < 0,05).

Whioski

SNP maja potencjal, zeby zosta¢ biomarkerami przewidujacymi przebieg axSpA, co moze
pozwoli¢ zidentyfikowac¢ pacjentéw zagrozonych ciezkim przebiegiem choroby lub wystgpieniem
objawow pozastawowych i wczesniej zintensyfikowac leczenie w grupach ryzyka.

Genotyp ERAP1 152287987 AA wystepowal czeSciej u pacjentow z enthesitis, natomiast
TNFRSF1B 151061622 GG wsrdd chorych z uveitis.

Polimorfizmy TNFRSF1A 1s767455, TNFRSF1B rs1061622, VDR 1s2228570 oraz VDR
157975232 korelowaly z aktywnoscia choroby przed rozpoczeciem leczenia anty-TNF, mierzong
stezeniem CRP oraz parametrami BASDAI i VAS boélu kregostupa.

Biomarkerami przewidujacymi odpowiedZ na leczenie anty-TNF, oceniong za pomoca
BASDALI oraz warto$ci OB, byly: ERAP1 152287987, ERAPZ2 152549782, TNFRSF1B 151061622,
FCGR2A rs1801274, VDR 15731236 i 1s7975232. Profilowanie genetyczne moze pomo6c w doborze
wiasciwego leku dla konkretnego pacjenta, maksymalizujac dziatanie terapeutyczne i minimalizujac
efekty uboczne. Takie postepowanie otworzy droge do personalizacji terapii axSpA.



4. Streszczenie w jezyku angielskim

Introduction

Spondyloarthropathies (SpA) are a group of diseases in which there is inflammation
in the joints of the spine and peri-spinal tissues, peripheral joints, tendon attachments
and involvement of organs outside the musculoskeletal system. A distinction is made between
the axial form of SpA (axSpA), in which spinal symptoms predominate, and the peripheral form,
manifested mainly by inflammation of the joints of the lower limbs, tendons and fingers. Among
extra-articular manifestations, uveitis is the most common, followed by psoriasis and inflammatory
bowel disease (IBD).

The pathogenesis of axSpA is not fully understood. Genetic and environmental factors play
important roles in the development of the disease. Among the involved genes, human leukocyte
antigen B-27 (HLA-B27) has a large contribution to the heritability of the disease. A number of loci
outside the major histocompatibility complex (MHC) have also been identified. Functionally, some
are responsible for antigen presentation, some are involved in the Th17 response, and others regulate
macrophage and T-cell functions.

Numerous questions concern management in clinical practice. Due to the lack of specific
biomarkers, diagnosis is based on a combination of clinical symptoms as well as laboratory and
imaging results. Additionally, the physical examination for axSpA is often unreliable; doctors
are unable to assess arthritis of the spine. The diagnosis process can take many years. In therapy,
there are problems associated with a lack of efficacy of the drugs in some patients or drug-related
side effects. Other questions relate to the choice of medication for a particular patient or further
therapy if a change of pharmaceuticals is necessary.

Aim

The aim of this study was to find new biomarkers associated with the incidence of axSpA,
as well as predictors of extra-articular symptoms or the efficacy of anti-TNF (tumour necrosis factor)
therapy. In addition, risk factors for the active form of the disease were sought.

Materials and methods

The study group consisted of 106 patients: 86 patients with a diagnosis of ankylosing
spondylitis according to the modified New York criteria and 20 patients with a diagnosis
of nonradiographic axSpA according to the ASAS criteria. The control group consisted of 110 healthy
subjects. Basic clinical data and information on the presence of HLA-B27, occurrence of peripheral
arthritis and pharmacotherapy of axSpA were collected. The following extra-articular manifestations
have been reported: uveitis, enthesitis, psoriasis and IBD.

Observation began when anti-TNF biological therapy was initiated, after first-stage treatment
was found to be ineffective, or when there were contraindications to such therapy. Laboratory
parameters were determined: CRP and ESR, morphology, creatinine, alanine and aspartate
aminotransferases. Disease activity was assessed using the Bath Ankylosing Spondylitis Disease
Activity Index (BASDALI) and the Visual Analogue Scale (VAS) for back pain. Subsequent tests
monitoring the response to anti-TNF therapy were performed after twelve and twenty-four weeks
(£ four weeks).

Ten single nucleotide polymorphisms (SNPs) were selected for genetic analysis: ERAP1
152287987, ERAP2 1rs2549782, FCGR2A 151801274, TNF rs1800629, TNFRSF1A 1s767455,
TNFRSF1B rs1061622, VDR 157975232, rs1544410, rs2228570, and rs731236.

Results
Genotype and allele frequencies did not differ between the study population and the control
group. Analysis of the incidence of extra-articular symptoms showed correlations for ERAP1



genotype 152287987 AA and enthesitis (AA vs. G+, p = 0.049) as well as TNFRSF1B rs1061622 GG
and uveitis (GG vs. TT, p = 0.042).

Correlations were described regarding disease activity before anti-TNF treatment
for TNFRSF1A 1s767455 TT and CRP levels (TT vs. TC, p = 0.006), TNFRSF1B rs1061622 GG and
BASDAI values (TT + TG vs. GG, p = 0.005; TG vs. GG, p = 0. 004) and VAS back pain (TT + TG
vs. GG, p = 0.001; TG vs. GG, p = 0.001; TT vs. GG, p = 0.002), as well as for BASDAI and VDR
polymorphisms rs2228570 TT (CT vs. TT, p = 0.032; CC + CT vs. TT, p = 0.036) and rs7975232 AC
(AAvs. AC, p = 0.03).

The predictive potential of anti-TNF treatment efficacy was demonstrated by ERAPI
1s2287987, ERAP2 rs2549782 and TNFRSF1B 151061622 when measuring ESR. Moreover, when
disease activity was assessed by BASDALI score, statistically significant relationships were found
for TNFRSF1B rs1061622, FCGR2A rs1801274, VDR 15731236 and VDR rs7975232 (p < 0.05).

Conclusions

SNPs have the potential to become biomarkers predicting the course of axSpA, which can
identify patients at risk of severe disease or extra-articular manifestations and intensify treatment
earlier in at-risk patients.

The ERAP1 r1s2287987 AA genotype was more common in patients with enthesitis,
while TNFRSF1B rs1061622 GG was more common among patients with uveitis.

The TNFRSF1A 15767455, TNFRSF1B 151061622, VDR 152228570 and VDR 1s7975232
polymorphisms correlated with disease activity before anti-TNF treatment, as measured by CRP
levels as well as BASDAI and VAS of back pain parameters.

Biomarkers with a predictive response to anti-TNF treatment, as assessed by BASDAI
and OB values, were ERAP1 152287987, ERAP2 rs2549782, TNFRSF1B rs1061622, FCGR2A
rs1801274, VDR rs731236 and rs7975232. Based on genetic profiling, the right drug can be selected
for a particular patient, maximising the therapeutic effect and minimising side effects. This approach
will open the way to personalising axSpA therapy.



5. Wprowadzenie

5.1. Spondyloartropatie — podstawowe informacje

Zapalenia stawow z zajeciem kregostupa, okreslane jako spondyloartropatie (SpA), to grupa
chorob, w ktorych dochodzi do zapalenia stawéw kregostupa i tkanek okotokregostupowych, stawow
obwodowych, przyczepow sciegnistych oraz zmian zapalnych w wielu innych ukladach i narzadach.
W surowicy nie stwierdza sie czynnika reumatoidalnego klasy IgM. Wyro6znia sie postac osiowa SpA
(axSpA), w ktorej dominujq objawy ze strony kregostupa oraz posta¢ obwodowa, manifestujaca sie
glownie zapaleniem stawow konczyn dolnych, sciegien i palcow [1]. Tradycyjnie termin SpA odnosi
sie do choréb, ktdre charakteryzujq sie wspdlnym podtozem genetycznym i podobnymi objawami
klinicznymi, w tym do zesztywniajacego zapalenia stawow kregostupa (ZZSK), luszczycowego
zapalenia stawow, reaktywnego zapalenia stawéw, zapalenia stawéw zwiazanego z nieswoistymi
zapaleniami jelit i niezréznicowanej SpA [2].

AxSpA jest zwykle definiowana na podstawie kryteriéw klasyfikacyjnych Assessment
of SpondyloArthritis International Society (ASAS). Mozna ja podzieli¢ na radiograficzng axSpA
(r- axSpA), jesli stwierdzono zmiany radiograficzne w stawach krzyzowo-biodrowych
wg zmodyfikowanych kryteriow nowojorskich (mNY) ZZSK oraz na nieradiograficzng (nr-axSpA)
w pozostatych przypadkach [3]. Oznacza to, Ze pacjenci z r-axSpA, oprécz zapalnego bdlu krzyza,
majg zmiany strukturalne stawow krzyzowo-biodrowych widoczne w konwencjonalnym zdjeciu
rentgenowskim w stopniu 2-4 wg mNY obustronnie lub w stopniu 3-4 jednostronnie, a pacjenci
z nr- axSpA charakteryzuja sie objawami przewleklego bolu krzyza z cechami zapalenia stawow
krzyzowo-biodrowych w badaniu rezonansem magnetycznym (MR) przy braku zmian strukturalnych
spelniajacych kryteria ZZSK w badaniu rentgenowskim [1,4]. MR pozwala zobrazowa¢ zmiany
zapalne (obrzek szpiku kostnego/zapalenie koSci), ktére pojawiaja sie miesigce lub nawet lata przed
zmianami widocznymi w zdjeciu rentgenowskim [5]. U niektorych pacjentow z nr-axSpA moze dojsc¢
do progresji do r-axSpA, podczas gdy u innych taka ewolucja nigdy nie nastapi [4]. Wiekszos$¢ badan
ocenia szybkos¢ progresji na 10-40% w ciggu dwoch do dziesieciu lat [6].

Choroba dotyka przewaznie mtodych dorostych. Pacjenci w trzeciej dekadzie Zycia prezentuja
przewlekly bol i sztywnos¢ dolnego odcinka kregostupa, ktére zmniejszajq sie pod wptywem ¢wiczen,
anasilaja w spoczynku. Objawy obwodowe jak zapalenie stawéw, zapalenie przyczepdw Sciegnistych
(enthesitis) lub zapalenie palcow (dactylitis) obserwuje sie u 2-40% pacjentéw z axSpA [3]. Ponadto
axSpA wiaze sie z wystepowaniem objawOw pozastawowych, dotyczacych narzadow poza ukladem
ruchu. Najczesciej obserwuje sie zapalenie blony naczyniowej oka (uveitis) — dotyka 23% chorych
na ZZSK i 16% w przypadku nr-axSpA. Pozostate objawy wystepuja rzadziej: tuszczyca u 10%,
a nieswoiste zapalenia jelit (IBD, ang. inflammatory bowel disease) u 4% pacjentéw z ZZSK.
Czesto$¢ w nr-axSpA jest podobna [7]. Nieleczona choroba prowadzi do ograniczenia funkcji ruchu,
a nastepnie do niepelnosprawnosci.

Rozpowszechnienie ZZSK na Swiecie jest bardzo zr6znicowane — od 6,5/100 000 os6b
w populacji japoriskiej do 540/100 000 w Turcji [8]. Srednie wystepowanie szacuje sie na 0,2%
w Ameryce Péinocnej oraz na 0,25% w Europie [9]. Dane w literaturze opisujace axSpA sq mniejsze,
czestos¢ waha sie od 130/100 000 w Norwegii do 900 — 1 400/100 000 w Stanach Zjednoczonych,
w zaleznoSci od kryteriow [8]. W Polsce w latach 2008-2017 S$redni wskaznik chorobowosci
dla ZZSK wynosit 83 na 100 000 mieszkancow, a dla innych zapalnych spondyloartropatii — 50,6/100
000 [10]. Wartosci dla SpA moga by¢ niedoszacowane — w Stanach Zjednoczonych axSpA wystepuje
okoto dwa razy czeSciej niz jej podtyp ZZSK, co znajduje potwierdzenie w badaniach innych
populacji. Mozna spekulowa¢, ze przynajmniej w niektérych regionach Swiata axSpA jako catos¢
moze by¢ bardziej rozpowszechniona niz reumatoidalne zapalenie stawow [9].

Chociaz axSpA nie jest bezposrednia przyczyna zgonu, opisano zwiekszone ryzyko zawatu
serca i udaru u pacjentow z ZZSK oraz z innymi SpA [11,12]. Dodatkowo chorzy z ZZSK majq
wieksze ryzyko wystgpienia migotania przedsionkow i bloku przedsionkowo-komorowego [13,14].
W przypadku ZZSK ryzyko sercowo-naczyniowe zalezy prawdopodobnie od wielu czynnikow.
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W chorobach reumatycznych kluczowa role odgrywa ogélnoustrojowy stan zapalny. Jednak u czesci
chorych nie stwierdza sie aktywnego procesu zapalenia. Innym mozliwym wyjasnieniem jest
proaterogenny profil pacjentow z ZZSK, ktorzy sa palaczami z nadcisnieniem i niekorzystnym
profilem lipidowym. Wyniki te wskazuja na potrzebe kontroli aktywnosci choroby i stanu zapalnego
za pomocg skutecznego leczenia oraz redukcji innych czynnikow ryzyka sercowo-naczyniowego,
takich jak dyslipidemia czy nadcis$nienie tetnicze [11]. Wykazano, ze chorzy na ZZSK zagrozeni
chorobg sercowo-naczyniowg mogq odnieS¢ korzysci z dlugotrwalego stosowania inhibitoréw
czynnika martwicy nowotworéw (TNFi), gdy stan zapalny jest pod kontrolg [15]. Leki te zmniejszaja
subkliniczng miazdzyce u pacjentéw z SpA [16]. Ponadto niska aktywnos¢ ZZSK jest zwigzana
z opdznionym rozwojem miazdzycy [17].

5.2. Patogeneza

Pomimo nowych odkry¢ na poziomie molekularnym patogeneza axSpA nie jest do konca
poznana. W rozwoju choroby biorg udziat czynniki genetyczne i srodowiskowe, prawdopodobnie
takie jak obcigzenie mechaniczne oraz dysbioza jelitowa. Obecnie zidentyfikowano ponad 100 loci
zwiazanych z ryzykiem rozwoju ZZSK, ktore lacznie odpowiadaja za 27,8% dziedzicznoSci,
przy czym ludzki antygen leukocytarny B-27 (HLA-B27, ang. human leukocyte antigen) przyczynia
sie samodzielnie do 20,4%. Tak wiec wiele pozostaje do odkrycia, w tym okreslenie wariantow
ryzyka choroby w wielu zidentyfikowanych loci [18]. Wsréd czynnikéw ttumaczacych "brakujaca
dziedziczno$¢" wymienia sie takze rzadkie i ultra rzadkie warianty genetyczne, modyfikacje
strukturalne — takie jak polimorfizmy liczby kopii (CNV, ang. copy number variation), delecje
i inwersje, oraz ztozone interakcje typu gen-gen lub gen-srodowisko [19].

Zaleznos¢ miedzy HLA-B27 a ZZSK jest prawdopodobnie najsilniejsza zaleznoSciq
genetyczng sposrod wszystkich ztozonych wielogenowych choréb
autoimmunologicznych/zapalnych, z wartoSciami p mniejszymi niz 101 [18]. Nadal jednak
nie wiemy do konca na czym polega ten zwigzek. Najczestsze hipotezy obejmuja prezentacje
martrogennych”  peptydow, indukowanie stresu ~w  retikulum  endoplazmatycznym
przez nieprawidlowo uformowane czasteczki HLA-B27 oraz oddzialywanie miedzy wolnymi
lancuchami ciezkimi lub homodimerami }ancuchéw ciezkich HLA-B27 a receptorami ukiadu
immunologicznego, co wyzwala odpowiedZ zalezng od interleukiny 17 (IL-17) [20]. Loci
poza gtownym ukladem zgodnosci tkankowej (MHC, ang. major histocompatibility complex) mozna
podzieli¢ na nastepujace grupy: cytokiny i receptory cytokinowe, czynniki odpornosci bton
Sluzowych, M1-aminopeptydazy, czynniki transkrypcyjne oraz regiony intergeniczne [21].
Funkcjonalnie niektére sa zaangazowane w prezentacje antygenow (HLA-B27, ERAP1 i ERAP2),
cze$¢ bierze udziat w odpowiedzi Th17 (IL6R, IL23R, TYK2 i STAT3), a inne reguluja funkcje
makrofagéw i komorek T (IL7R, CSF2, RUNX3 i GPR65) [22]. Konieczne sa dalsze badania w celu
okreslenia mechanizméw dzialania polimorfizméw genetycznych i przelozenia tych wynikéw
na mozliwosci leczenia [21].

Stan zapalny charakterystyczny dla SpA wystepuje na styku chrzastki i kosci, glownie
w stawach krzyzowo-biodrowych, kregostupie i w duzych stawach konczyn dolnych. Wazna role
dla rozwoju zapalenia (i prawdopodobnie dla jego podtrzymania) odgrywa obcigzenie mechaniczne,
co moze wyjasnia¢ dlaczego proces chorobowy dotyczy przede wszystkim czesci szkieletu
przenoszacych ciezar ciala. Poza stanem zapalnym, axSpA charakteryzuje sie rowniez
koSciotworzeniem w stawach krzyzowo-biodrowych i w kregostupie. Tworzenie nowej kosci wydaje
sie by¢ konsekwencja wczesniejszego uszkodzenia i moze by¢ elementem procesu naprawy [23].
W obecnosci pewnych czynnikdw genetycznych lub S$rodowiskowych, takich jak HLA-B27,
przypuszcza sie ze proces naprawy moze byc¢ zbyt intensywny, co wyzwala klinicznie istotny stan
zapalny [24].

Ocenia sie, ze u 70% pacjentow z ZZSK wystepuje stan zapalny btony sluzowej jelit, a w 5%
przypadkéw prowadzi do klinicznych objaw6ow IBD. Choroba Lesniowskiego-Crohna i wrzodziejace
zapalenie jelita grubego charakteryzuja sie wystepowaniem dysbiozy jelitowej (jakoSciowego
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lub ilosciowego zaburzenia réwnowagi mikrobiologicznej), ktora jest rowniez obserwowana
w ZZSK. Badania naukowe sugeruja zwigzek miedzy stanem zapalnym jelit a patogenezq ZZSK.
Jedna z teorii zaklada, Ze ciggla stymulacja antygenowa moze aktywowac¢ komorki T, co prowadzi
do przewleklego zapalenia jelit. Inne badania wskazuja, Ze pacjenci z ZZSK (i ich krewni pierwszego
stopnia) odznaczaja sie wysoka przepuszczalnoscia jelit, co zwieksza ekspozycje na mikroorganizmy
jelitowe [25]. Dysbioza jelitowa moze prowadzi¢ do aktywacji komorek dendrytycznych
i zwiekszonej produkcji IL-23 [26].

Dzieki sukcesom terapeutycznym duze zainteresowanie wzbudzily dwa szlaki odpowiedzi
zapalnej, prawdopodobnie znajdujace sie raczej na koncu odpowiedzi immunologicznej: oS czynnika
martwicy nowotworéw (TNF, ang. tumour necrosis factor)-o oraz o$ interleukina-23/interleukina-17
(IL-23/IL-17). Nie jest jasne, jak te szlaki sg polaczone i czy oddzialujga wzajemnie na siebie [23].
IL- 23 jest kluczowa cytoking prozapalna, ktéra stymuluje rozwdéj pobudzonych komorek T
do komorek Th17, gtownego podtypu komorek T produkujacych IL-17. Komorki te wytwarzajq
réwniez inne cytokiny prozapalne, takie jak TNF-a, IL-6 i IL-1p. W tkankach uzyskanych ze stawow
krzyzowo-biodrowych (S1J, ang. sacroiliac joint) pacjentow z ZZSK zaobserwowano zwiekszone
stezenia biatka TNF-a w poréwnaniu z prawidtowymi SIJ [27]. Obecnie najbardziej prawdopodobna
jest hipoteza, ze ZZSK taczy cechy choroby autoimmunologicznej i autozapalnej, w ktorej odpornos¢
wrodzona sprzyja wystapieniu choroby, a odpornos¢ nabyta odpowiada za utrzymanie stanu
zapalnego. Dokladna identyfikacja pacjentéw, u ktérych dominuje skladowa autozapalna
lub autoimmunologiczna, moze przyczyni¢ sie do lepszego zrozumienia patogenezy choroby
i potencjalnej klasyfikacji pacjentéw do odpowiedniego leczenia [24].

Warto zwroci¢ uwage na réznice miedzy piciami. AxSpA jest choroba, ktéora zwykle
rozpoczyna sie u mtodych dorostych i wystepuje rownie czesto u mezczyzn i kobiet. Natomiast ZZSK
wystepuje czesSciej u mezczyzn, przy czym wedlug obecnych szacunkow stosunek mezczyzn
do kobiet wynosi 2-3:1. Sugeruje to, ze pte¢ meska odpowiada raczej za progresje do uszkodzenia
strukturalnego niz za powstanie stanu zapalnego szkieletu osiowego [18]. Rdznice istnieja rowniez
w fenotypie axSpA. Mezczyzni czesciej wykazujq szybszq progresje radiograficzng zmian
kregostupa (mierzona mSASSS — ang. modified Stoke Ankylosing Spondylitis Spinal Score)
i bardziej nasilonym tworzeniem syndesmofitow. Czesciej zglaszaja zapalny bol plecéw jako
pierwszy objaw axSpA. Natomiast u kobiet czeSciej wystepuja dactylitis, enthesitis oraz objawy
pozastawowe, takie jak IBD i tuszczyca. Ponadto u mezczyzn stwierdzono wyzsze stezenie 1L-17
i TNF-a [28].

5.3. Diagnostyka

Rozpoznanie axSpA ciggle pozostaje wyzwaniem, nawet dla reumatologow. Ze wzgledu
na brak charakterystycznych biomarkeréw powinno by¢ oparte na potaczeniu objaw6w klinicznych,
wynikéw badan laboratoryjnych i obrazowych, ktore tacznie sugerujg axSpA [29]. Proces diagnozy
moze trwac wiele lat, w 64. badaniach z catego Swiata wynosit Srednio 6,7 roku [30]. Opracowano
rozne kryteria klasyfikacyjne, w tym mNY [31], Amora [32], European Spondyloarthropathy Study
Group (ESSG) [33] oraz ostatnie ASAS [34]. Wykorzystywane sa gtdwnie do tworzenia jednolitych
grup pacjentow w badaniach klinicznych, stosowanie w celach diagnostycznych wigze sie z pewnymi
ograniczeniami. Kryteria mNY cechuja sie niska czuloscig i niemoznoscia identyfikacji pacjentéw
w nieradiograficznym stadium choroby. Kryteria Amora i ESSG réwniez nie uwzgledniaja rezonansu
magnetycznego. Kryteria klasyfikacyjne ASAS maja bardzo dobrg czulo$¢ i swoistosc,
jednak nie do konca sq obiektywne — zawierajg wywiad rodzinny w kierunku SpA, dobra odpowiedz
na niesteroidowe leki przeciwzapalne (NLPZ), obecno$¢ enthesitis, czy zapalnego bdlu krzyza.
W diagnostyce réznicowej bélu plecow nalezy bra¢ pod uwage réwniez fibromialgie i bole
przeciazeniowe, czasem blednie klasyfikowane jako nr-axSpA. Ponadto, definicja ,,dodatniego
obrazu” MR wg kryteriow ASAS jest do$¢ niespecyficzna — tagodne zmiany zapalne stawéw
krzyzowo-biodrowych moga by¢ obserwowane u 0s6b zdrowych i sportowcow, jak rowniez
w szerokim zakresie patologii (np. w przecigzeniach mechanicznych, urazach, w chorobie
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zwyrodnieniowej stawOw). Ograniczenie diagnostyki tylko do pozytywnych wynikéw MR moze
prowadzi¢ do znacznej nadrozpoznawalnosci axSpA. Dodatkowym problemem sa rdéznice
w interpretacji zdje¢ rentgenowskich i obrazow MR przez specjalistow [35].

W procesie diagnostyki medycznej bardzo wazna role odgrywa badanie przedmiotowe.
Jednak w przypadku axSpA czesto jest niemiarodajne, zwlaszcza we wczesnym stadium choroby.
Lekarze nie sqa w stanie oceni¢ zapalenia stawow kregostupa w badaniu fizykalnym. Istnieje wiele
dowodow na to, Ze wczesniejsza diagnoza wigze sie z lepszym rokowaniem dla pacjentow. Przeglad
systematyczny wykazal, ze dluzsze op6znienie bylo zwiazane z wiekszg aktywnoscia choroby, gorsza
sprawnoscia fizyczna, nasilonym lekiem i depresja u chorych oraz z wiekszymi kosztami opieki
zdrowotnej. Op6znienie skutkuje takze wiekszymi zmianami strukturalnymi kregostupa widocznymi
w badaniach radiologicznych, co odzwierciedla postep choroby przy braku szybkiego leczenia [36].

Jedynymi biomarkerami laboratoryjnymi axSpA stosowanymi powszechnie w praktyce
klinicznej sg biatko C-reaktywne (CRP), odczyn Biernackiego (OB) oraz testy w kierunku antygenu
HLA-B27. Chociaz wykazujq pewne wartosci diagnostyczne i prognostyczne, ich czutos¢ i swoistos¢
nie jest optymalna. Oceniono rowniez inne parametry stanu zapalnego, takie jak kalprotektyna,
jednak brakuje odpowiedniej standaryzacji oraz koreluja one z CRP, ktére u czesci pacjentow
z aktywng chorobg pozostaje w normie. Markery metabolizmu kostnego, takie jak metaloproteinazy
macierzy pozakomorkowej i biatka Dickkopf, wykazaly rozbiezne wyniki dotyczace aktywnoSci
i progresji choroby. Przeciwciata przeciwlekowe (ADADb, ang. antidrug antibodies) i monitorowanie
stezen lekéw s odpowiednimi narzedziami do podejmowania decyzji o leczeniu, ale nie sq przydatne
do identyfikowania pacjentéw podatnych na szybsza progresje zmian strukturalnych. Szansa
na poprawe diagnostyki axSpA moga by¢ genetyczne skale ryzyka (GRS, ang. genetic risk score),
wykorzystujgce rowniez loci spoza uktadu HLA [37,38].

5.4. Leczenie

NLPZ stanowig pierwsza linie leczenia farmakologicznego w axSpA. Niezaleznie podkresla
sie wartos¢ ¢wiczen fizycznych [39], wykazujacych pozytywny efekt w zakresie aktywnosci choroby,
poziomu bdlu, mobilnosci, sprawnosci i jakosci zycia [40]. Konwencjonalne syntetyczne leki
modyfikujace przebieg choroby (DMARD, ang. disease-modifying antirheumatic drugs) nie sg
zalecane w osiowej postaci choroby (sulfasalazyna, metotreksat, leflunomid). Jednak sa wskazane
u pacjentébw z zapaleniem stawow obwodowych, przy czym preferowana jest sulfasalazyna
ze wzgledu na potwierdzong skutecznos¢. W przypadku miejscowego zapalenia w ukladzie
miesniowo-szkieletowym mozna rozwazyC iniekcje glikokortykoidow. Nalezy pamietac,
ze przypadku axSpA dlugotrwale leczenie systemowymi glikokortykoidami nie jest zalecane [39].
Z drugiej strony steroidy miejscowe i doustne sq czesto stosowane w leczeniu zaostrzen objawow
pozastawowych, takich jak uveitis lub zapalenie jelit [41].

U pacjentéw z utrzymujacq sie wysoka aktywnoscig choroby pomimo konwencjonalnego
leczenia mozna zastosowac biologiczne/celowane syntetyczne DMARD (bDMARD/tsDMARD, ang.
biological DMARD/targeted synthetic DMARD). Do grupy bDMARD nalezq TNFi oraz inhibitory
interleukiny-17 (IL-17i), a do tsDMARD - inhibitory kinaz janusowych (JAKi, ang. Janus kinase
inhibitors). Ze wzgledu na brak badan poréwnujacych leki miedzy sobg trudno wskaza¢ przewage
konkretnego farmaceutyku w przypadku osiowej postaci choroby. Obecna praktyka zaklada
rozpoczecie leczenia od TNFi lub IL-17i. Zalecenie to oparte jest jedynie na dluzszym czasie
od wprowadzenia lekéw do uzytku, wiekszej ilosci dowodéw naukowych oraz na wykorzystaniu
u pacjentow z wielochorobowoscia [39].

W kontekscie terapii axSpA pojawia sie wiele problemo6w. Po pierwsze leki nie sg skuteczne
u wszystkich pacjentow, tracg swojq skutecznos¢ lub wykazujq dziatania niepozgdane. W zaleznosSci
od momentu wystapienia niepowodzenia mozna wyrozni¢ dwa rodzaje: nieskuteczno$¢ pierwotna
(brak odpowiedzi w ciggu 6. miesiecy od rozpoczecia leczenia) oraz nieskuteczno$¢ wtoérng (poprawa
w ciagu 6. miesiecy, z utratg skutecznosci w dalszym czasie) [42]. Nieskutecznosc¢ leczenia dotyczy
zarowno lekow konwencjonalnych jak i bDMARD. Wysoka aktywnos¢ choroby utrzymuje sie nawet
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u 40% pacjentow po czterech tygodniach terapii NLPZ [43]. W dlugoterminowej analizie pacjentow
obciazonych SpA, rozpoczynajacych pierwszy cykl terapii TNFi, stwierdzono skutecznos¢ leczenia
na poziomie 60% i 49% odpowiednio po 5. i 10. latach [44]. W przypadku ZZSK po roku 74%
pacjentow pozostato na swoim pierwszym TNFi. Jednak po 5. latach odsetek ten wynosit juz tylko
46% [45]. W grupie chorych na ZZSK obserwowano wyzsze odsetki kontynuowania TNFi
w poréwnaniu z niezréznicowana SpA lub tuszczycowym zapaleniem stawéw [44]. Inne badania
typu follow-up podczas leczenia TNFi wykazaly, ze do 50% pacjentéw z axSpA wymaga zmiany
na inny lek biologiczny lub tsDMARD. Obecnie nie okreslono biomarkera, metody obrazowania
lub parametru  klinicznego, ktéry moglby wiarygodnie przewidzie¢ prawdopodobienstwo
niepowodzenia leczenia TNFi [46].

Inne pytania dotycza wyboru leku w konkretnej sytuacji. Ktory bedzie najlepszy dla danego
pacjenta? Zaleca sie TNFi jako bDMARD pierwszego rzutu, glownie ze wzgledu na wieksze
doswiadczenie kliniczne i lepsza znajomos¢ profilu bezpieczenistwa [42]. Nowe wytyczne ASAS-
EULAR z 2022 roku zawierajq elementy personalizacji terapii w przypadku wystapienia objawéw
pozastawowych. Nawracajgce zapalenie blony naczyniowej oka lub aktywne IBD sq wskazaniami
do TNFi bedacego przeciwcialem monoklonalnym. U pacjentow z tuszczyca preferowany jest IL-17i
[39]. Pojawiajg sie jednak nowe opcje leczenia. Nie wiemy, ktory lek da pacjentowi najwieksza
korzys¢ w kontekscie kontroli procesu zapalnego. Watpliwosci dotycza réwniez kontynuowania
terapii. Nieliczne badania wskazuja, ze terapia skojarzona bDMARD i tsDMARD jest skuteczniejsza
niz monoterapia bDMARD w axSpA [41]. Dane dotyczace skutecznosci danego leku (klasy)
po niepowodzeniu poprzedniego réwniez sa bardzo ograniczone [39]. W przeciwienstwie
do reumatoidalnego zapalenia stawdw, doniesienia dotyczace optymalizacji lekow biologicznych
u chorych na SpA w fazie remisji sq niewielkie i wcigz stanowia przedmiot dyskusji. Pojawiajqce sie
publikacje wskazuja, Ze dostosowana do potrzeb pacjenta redukcja dawki TNFi moze by¢ skuteczna
w utrzymaniu stabilnej, niskiej aktywnosci choroby [47]. Pozostale znaki zapytania pojawiajq
w nastepujacych kwestiach: czy wczesne intensywne leczenie jest zwigzane z mniejsza progresja
radiograficzng? Czy do uzyskania wysokich wskaznikéw remisji w SpA konieczne jest
"natychmiastowe" rozpoczecie terapii celowanych, czy tez wystarczyloby skrocenie odstepow
czasowych pomiedzy poszczeg6lnymi "stopniami" terapii? [48]

5.5. Biomarkery

Pojecie "biomarker" moze by¢ zdefiniowane w nastepujacy sposéb: biologiczna obserwacja,
ktora zastepuje i idealnie przewiduje klinicznie istotny punkt koncowy lub posredni wynik, ktéry jest
trudniejszy do zaobserwowania. Biomarkery sa prostsze i tafisze w pomiarze niz ostateczne punkty
koncowe i moga by¢ analizowane wielokrotnie i w krotszym czasie. Moggq by¢ stosowane
w badaniach przesiewowych, diagnostyce, monitorowaniu choréb, jako wskazniki prognostyczne,
do opracowywania zindywidualizowanych interwencji terapeutycznych, do przewidywania
niepozadanych reakcji na leki oraz do badan farmakodynamicznych i badan zaleznosci dawka-
odpowiedz. Aby zrozumie¢ wartos¢ biomarkera, konieczna jest znajomo$¢ patofizjologicznej
zalezno$ci pomiedzy biomarkerem a odpowiednim klinicznym punktem konicowym [49]. W celu
poprawy diagnostyki i odpowiedniego doboru leczenia dla pacjentow obserwuje sie rosngce
zainteresowanie odkryciem nowych biomarkeréw. W przypadku ZZSK poza biatkiem CRP i HLA-
B27, ktére sa powszechnie stosowane, wiekszo$¢ jest nadal w fazie badan i nie jest jeszcze stosowana
w praktyce klinicznej [50].

Polimorfizmy pojedynczych nukleotydow (SNP, ang. single nucleotide polymorphism)
odnosza sie do zmian w sekwencji DNA na poziomie pojedynczych nukleotydéw. Sa najczestsza
zmiennos$cig genetyczng — w ludzkim genomie wystepuje ponad 10 milionow SNP. W wiekszoSci
przypadkdw sa nieme, nie zmieniaja funkcji lub ekspresji gen6w, natomiast niektére moga byc¢
biologicznie funkcjonalne i prowadzi¢ do zmienionej funkcji biatka lub nawet do rozwoju choroby.
Poszukiwanie SNP, ktore wplywaja na podatnosc¢ na choroby i ich przebieg jest obszarem aktywnych
badan [51].
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Liczne pytania dotyczace postepowania diagnostycznego i terapeutycznego u chorych
na axSpA zachecilty mnie do podjecia préby znalezienia nowych biomarker6w, potencjalnie
mozliwych do wykorzystania w praktyce kliniczne;j.
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6. Cele pracy
1. Ocena genotypoéw zwigzanych z wystepowaniem spondyloartropatii osiowej
w polskiej populacji.
2. Okreslenie genetycznych czynnikdw ryzyka aktywnej postaci choroby.
3. Opisanie biomarker6w prognozujacych wystapienie objawéw pozastawowych.

4. Poszukiwanie biomarkeréw pozwalajacych na ocene skutecznosci terapii anty-TNF.
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Abstract: Background: Axial spondyloarthritis (axSpA) is a chronic inflammatory condition of the
spine. In addition to musculoskeletal symptoms, there are also extra-articular manifestations. The
aim of this study was to search for new biomarkers associated with the clinical presentation and
treatment response in axSpA patients. Methods: In this study, 106 axSpA patients and 110 healthy
controls were enrolled. Six single-nucleotide polymorphisms (SNPs) were selected for genotyping:
ERAP1 152287987, ERAP2 152549782, TNF 151800629, TNFRSF1A rs767455, TNFRSF1B rs1061622, and
FCGR2A rs1801274. Participants were examined at baseline and after 12 and 24 weeks of anti-TNF
therapy. Results: SNPs associated with high axSpA initial activity were TNFRSF1A rs767455 and
TNFRSF1B rs1061622 (p < 0.008). The ERAP1 rs2287987 AA genotype was more frequently observed
in patients with enthesitis (AA vs. G+, p = 0.049), while the TNFRSF1B rs1061622 GG genotype was
more common in participants with uveitis (GG vs. TT, p = 0.042). Potential in predicting anti-TNF
treatment response was demonstrated by ERAPI rs2287987, ERAP2 rs2549782, TNFRSF1B rs1061622,
and FCGR2A rs1801274. Conclusions: SNPs can be used to identify patients at risk of severe disease to
initiate treatment earlier. Genetic testing will allow clinicians to choose the right drug for the patient.

Keywords: spondyloarthritis; ankylosing spondylitis; SNP; genetic biomarker; extra-articular
manifestations; uveitis; treatment effectiveness; biologics

1. Introduction

Axial spondyloarthritis (axSpA) is a chronic inflammatory condition of the axial skele-
ton that can lead to chronic pain, structural damage, disability, and a loss of quality of life.
axSpA can present with or without peripheral arthritis. The introduction of MR in diag-
nostics has made it possible to detect patients with early disease before the establishment
of structural damage. axSpA encompasses both radiographic axSpA, in which patients
have definite structural damage on radiographic assessment, and nonradiographic axSpA
(nr-axSpA), in which patients typically have symptoms of chronic (often inflammatory)
back pain with evidence of sacroiliitis on MRI in the absence of definite X-ray structural
changes. Some patients with nr-axSpA may progress to r-axSpA, while others will never
experience such progression [1]. In addition to musculoskeletal symptoms, there are also
extra-articular manifestations, of which uveitis is the most common, with a prevalence of
23% in ankylosing spondylitis (AS) and 16% in nr-axSpA. Other extra-articular manifesta-
tions, such as psoriasis and IBD, are less common, occurring in 10% and 4% of AS patients,
respectively. The incidence in nr-axSpA is similar [2].

Despite new methods, the average time to a correct diagnosis of AS has been estimated
to be approximately eight years, with some estimates as high as fourteen years. Delayed
diagnosis results in delayed treatment, which is related to higher disease activity, poorer
quality of life, greater radiographic damage, and increased economic burden [3]. The large
heterogeneity of patients, including in severity, long-term outcomes, and extra-articular
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symptoms, has also increased the awareness of the need for biomarkers to help predict
clinical outcomes. Currently used biomarkers, such as HLA-B27 status, C-reactive protein
(CRP), and erythrocyte sedimentation rate (ESR), have, at best, moderate diagnostic and
predictive value. Inflammatory markers, such as calprotectin, have been investigated, but
standardization is lacking, and they mirror CRP. Markers of bone metabolism, such as
matrix metalloproteinase (MMP) and dickkopf-1 (Dkk-1), have shown diverging results on
disease activity and progression. The polygenic risk score was shown to predict disease risk
more accurately than HLA-B27 alone [4,5]. In addition, genetic biomarkers may provide an
opportunity to identify patients at higher risk of severe disease.

Several questions arise about axSpA treatment. The current licensed drugs are nons-
teroidal anti-inflammatory drugs (NSAIDs) used in the first-line treatment, and biologic
disease-modifying antirheumatic drugs (PDMARDs) targeting tumor necrosis factor (TNF)-
o or interleukin (IL)-17A, which are used in the following lines: Janus kinase (JAK) in-
hibitors are another promising therapeutic modality for axSpA. There is a lack of guidance
on which biologic drug to use in a particular patient [6]. Further relevant questions concern
whether drug treatment can be reduced in patients responding well, especially those in
remission [7]. A question of whether a combination of an NSAID with a TNF-blocking
agent is better than a TNF-blocking agent alone still awaits an answer in a prospective trial.
We do not have data to help us decide which biologic or targeted synthetic DMARD to
start or whether specific patients would be better candidates for one or the other DMARD.
Similarly, we do not know the optimal sequence of switching between biologics or whether
a combination of biologics (or a biologic and a targeted synthetic DMARD) might be an
option in patients who have failed one or two biologics [8]. It is estimated NSAIDs may be
ineffective in over 40% of patients, some of whom have to use reduced doses partly due to
intolerance [9]. Ineffectiveness is also a problem with biologic drugs. A meta-analysis found
that the drug survival for all TNF inhibitors was approximately 0.76 at year 1 and gradually
decreased to approximately 0.51 at year 5 [10]. There is a need to find biomarkers that will
make it easier to match the drug to the patient based on the prognosis of effectiveness.

The triggers and pathogenesis of axSpA are not yet completely understood. Many
factors are involved. Due to external factors such, as mechanical stress or gut microbiome
disturbances, genetic susceptibility amplifies multiple inflammatory innate and acquired
immune responses, eventually leading to musculoskeletal damage and repair [11]. Two
pathways in the inflammatory responses have attracted much interest—the TNF-« axis
and the IL-23/IL-17 axis [12]. AS, the prototypical form of axSpA, is highly heritable. To
date, apart from HLA-B27, over 100 non-MHC loci have been identified, contributing to
28% of the genetic variation in the disease [13].

One of genetic variants that was found to be associated with susceptibility to AS is
ERAP1 rs2287987 was firstly described in the genome-wide association study performed
on British individuals (OR = 0.75, p < 0.001) [14]. The association between these polymor-
phisms and AS was observed in Spanish [15], Portuguese [16], Hungarian [17], Polish [18],
and Iranian [19] populations. Meta-analysis studies also linked the minor alleles of the
152287987 with AS development in European patients (OR = 0.708, 95% CI = 0.658-0.762,
p < 1.0 x 107%) [20]. Another meta-analysis showed that 152287987 seems to be associated
with AS in Caucasians (OR = 0.643, 95% CI = 0.543-0.762, p < 0.001) and overall populations
(OR = 0.650, 95% CI = 0.559-0.756, p < 0.001) but not in Asians [21]. The molecular model
of ERAP1 suggests a three-domain protein structure surrounding a central Zn atom. The
152287987 (Met349Val) is located close to the catalytic center and affects enzyme activity [22].

In contrast to the ERAPI polymorphism, ERAP2 rs2549782 is not associated with
AS risk [23]. However, the amino acid variation leads to activity changes as well as
specificity of the enzyme and thus influences the ability to cooperate with ERAP1 in antigen
presentation [24].

A recent publication described the potential role of the rs1800629 variant located within
TNF-a gene with an increased AS risk in Caucasians [25]. TNF-o receptors polymorphism,
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namely TNFRSF1A rs767455 and TNFRSF1B rs1061622, are associated with susceptibility,
too [26].

Although polymorphisms associated with the risk of the disease may not influence
severity, response to treatment, or clinical features, they constitute an important factor
of immune response variability in humans. The above-mentioned studies prompt us to
investigate those single-nucleotide polymorphisms (SNPs) in the homogeneous Polish
population. Therefore, the aim of this study was to search for biomarkers associated with
the clinical presentation and response to treatment of axSpA patients.

2. Materials and Methods
2.1. Study Group

The current study enrolled 106 patients with axSpA. All of them were Caucasians and
were recruited from the Department of Rheumatology and Internal Medicine at Wroctaw
Medical University, Poland. The study group consisted of AS patients diagnosed according
to modified New York criteria [27] and patients diagnosed with nr-axSpA using ASAS
criteria [28]. All of them gave their informed consent to participate in the study. Clinical
data such as age, body mass index (BMI), disease onset, HLA-B27 presence, peripheral
arthritis history, and medication history were collected. The most commonly used DMARD
was methotrexate (MTX), usually in patients with peripheral disease. Among them, some
also used corticosteroids, mainly methylprednisolone at doses less than 10 mg converted
to prednisone. Moreover, the following extra-articular manifestations were described:
uveitis; enthesitis; psoriasis; and inflammatory bowel disease (IBD), defined as Crohn’s
disease or ulcerative colitis. Patient characteristics are shown in Table 1. The exclusion
criteria were underage, cancer, pregnancy or breastfeeding, chronic disease or organ failure
exacerbation, mental retardation, and alcohol or drug abuse. The observation was started
at the beginning of anti-TNF treatment after two NSAIDs were found to be ineffective or
when contraindications to such treatment were present. Laboratory parameters such as
CRP and ESR were measured. Disease activity was determined using the Bath Ankylos-
ing Spondylitis Disease Activity Index (BASDAI) (range 0-10) [29], and back pain was
quantified using the Visual Analogue Scale (VAS) (range 0-100 mm). The initial axSpA
activity was high (BASDAI > 4). Patients received one of the following anti-TNF drugs:
adalimumab, etanercept, certolizumab, golimumab, and infliximab. Participants were
examined at baseline and after 12 and 24 weeks of therapy.

The control group consisted of 110 healthy individuals from the Regional Centre
of Transfusion Medicine and Blood Bank in Wroclaw. Participants in the control group,
without a history of rheumatic diseases, were matched to participants in the patient group
in terms of age and sex.

Our research obtained permission from the Wroclaw Medical University Ethics Committee.

Table 1. Clinical characteristics of the patients” cohort.

Number of Patients (N) 106
Age mean in years (+SD) 42.7 (£12.9)
Disease duration mean in years (+SD) 9.29 (£8.49)
Disease onset mean in years (£SD) 32.7 (£10.2)

Sex E/M (%) 28/78 (73.6%)

BMI mean (£SD) 25.5 (£4.59)

HLA-B27 positive patients, % 88%

Form axial/axially peripheral (%) 58 (54.7%) /48 (45.3%)

nr-axSpA /AS (%) 20 (18.9%)/86 (81.1%)
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Table 1. Cont.

Extra-articular manifestations: N (%)
Uveitis 33 (31.1%)
Inflammatory bowel disease 18 (17.0%)
Enthesitis 17 (16.0%)
Psoriasis 6 (5.66%)
Patients with at least one manifestation 53 (50.0%)
Patients with two manifestations or more 17 (16.0%)
Concomitant treatment at the start of biologic treatment: N (%)
NSAIDs 73 (69.5%)
MTX 32 (30.2%)
Sulfasalazine /Mesalazine 28 (26.42%)
Corticosteroids 17 (16.0%)
Other 2 (1.89%)
Anti-TNF drugs: N (%)
Adalimumab 43 (40.6%)
Etanercept 28 (26.4%)
Certolizumab 24 (22.6%)
Golimumab 9 (8.49%)
Infliximab 2 (1.89%)
Disease activity:
BASDAI before treatment, median (range) 7.45 (4.05-10)
BASDALI after 6 months of treatment, median (range) 2.30 (0-10)
Low activity * after 6 months of treatment, N (%) 97 (93.3%)

SD, standard deviation; F, female; M, male; nr-axSpA, non-radiographic axial spondyloarthritis; AS, ankylosing
spondylitis; BMI, body mass index; HLA-B27, human leukocyte antigen B27; MTX, methotrexate; NSAIDs,
nonsteroidal anti-inflammatory drugs; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index. * defined as
BASDAI < 3.

2.2. SNP Selection and Genotyping

Tested genetic variants were selected based on previous publications analysis and
search results from NCBI Database of Short Genetic Variations (dbSNP) and SNPinfo
Web Server [30]. Minor allele frequency (MAF) in EUR was above 10% (1000 Genomes
Project) [31].

We selected six single nucleotide polymorphisms (SNPs) for genetic analysis: ERAP1
152287987, ERAP2 rs2549782, TNF rs1800629, TNFRSF1A rs767455, TNFRSF1B rs1061622,
and FCGR2A rs1801274.

ERAP1 rs2287987, ERAP2 rs2549782, TNFRSF1B rs1061622, and FCGR2A rs1801274
polymorphisms are within protein-coding regions that can cause amino acid change (non-
synonymous coding SNPs). In addition, TNFRSF1B rs1061622, ERAP1 rs2287987, ERAP2
rs2549782, and TNFRSF1A rs767455 are located at two base pair of intron-exon junction
region, while exonic splicing enhancer (ESE) or exonic splicing silencer (ESS) may disrupt
splicing activity and cause alternative splicing. Additionally, TNF rs1800629 location is
predicted as transcription factor binding site (TFBS). Table 2 shows the SNPs’ characteristics.

Whole-blood samples were collected into ethylenediaminetetraacetic acid (EDTA)
anticoagulant BD Vacutainer® tubes (Becton, Dickinson and Company, Franklin Lakes, NJ,
USA). Genomic DNA was extracted from blood using a QIAmp DNA Blood Kit (Qiagen,
Hilden, Germany) according to the manufacturer’s protocols. Genotyping was performed
employing LightSNiP assays (TIB MOLBIOL, Berlin, Germany) on the LightCycler 480 II
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Real-Time PCR Instrument (Roche Diagnostics, Basel, Switzerland). From amplification
and detection with specific probes by melting curve analysis, it is possible to obtain vi-
sual discrimination of normal and variant alleles in the homozygous and heterozygous
status [32]. Genotyping was conducted according to the manufacturer’s instructions.

Table 2. Characteristics of selected SNPs.

1000 Genomes
Gene SNPID Allele Location Variant Allele_ Function of Encoded Protein
Frequencies
(EUR)
missense variant Trimming peptides before their
A>G A(T): 0.775 binding to MHC class I molecules.
ERAPL 182287987 (T>0) Chr5, exon 6 M (Met) >V G((C)): 0.225 ERAPlgand ERAP2 can physically
(Val) interact forming a heterodimer. They
are [FNy- and TNF«-inducible
enzymes. ERAP1 preferentially
Missense variant G: 0.480 cleaves peptides with C-terminal
ERAP2 rs2549782  G>T Chr5, exon 7 K (Lys) >N T'. 0 '520 amino acids, whereas ERAP2
(Asn) o presents a marked preference for
N-terminal and shorter peptides.
] Proinflammatory cytokine that plays
ngggjila rs1800629 G>A  Chr6, promoter ups’::jir:n%ene i gfgi a crucial. role in inﬂammatory and
immune diseases.
TNFRSFIA  rs767455 T>C  Chrl2, exon 1 synonymous T:0.571 Receptors for the TNF cytokine.
variant C: 0429 TNFRSF1A is a dominant receptor
involved in inflammatory and innate
missense variant T 0.782 immune responses. TNFRSF1B
TNFRSF1B 151061622 >G Chrl, exon 6 M (Met) >R G 0218 mediates anti-inﬂammatory and
(Arg) o homeostatic functions of TNF.
Removing antigen-antibody
complexes in the circulation and
transduction activating signals into
missense variant A: 0489 cells via immune receptor when
FCGR2A  rs1801274 A>G Chrl, exon 4 H (His) >R G: 0‘511 ligated with immune complexes.
(Arg) o FCGR2A activate immune cell

functions, including phagocytosis
and the release of
inflammatory mediators.

Based on: [33-36].

2.3. Statistical Analysis

The distribution of continuous variables was tested for normality by the Shapiro—
Wilk test. The results are presented as medians with interquartile ranges for nonnormally
distributed data or as numbers with percentages for categorical variables. The chi-square
or Fisher’s exact test was applied to compare genotypes and allele frequencies between
the patient and control groups. The nonparametric Kruskal-Wallis test followed by an
unpaired two-sample Wilcoxon test was performed to identify associations between genetic
variants and clinical parameters. To analyze relationships between categorical data (e.g.,
treatment response) and genotypes, Fisher’s exact test was used.

Hardy-Weinberg equilibrium (HWE) was tested using an online calculator (Michael
H. Court (2005-2008)).

A p-value lower than 0.05 (p < 0.05) was considered statistically significant. Bonferroni
correction was used to adjust the significance of the p-value after the Mann-Whitney test.

Statistical analysis was performed using R software version 4.0.3 (http://www.r-
project.org, accessed on 7 April 2022) and GraphPad Prism 7 for Windows.
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3. Results
3.1. Genotype Distribution

The genotype distributions of the examined polymorphisms were in Hardy-Weinberg
equilibrium (p-value range for controls: 0.11-0.72 and patients: 0.26-0.79). The frequency
of genotypes and alleles did not differ between patients and healthy controls (Table 3).
Data in Table 3 are presented as the number and percentage of individuals carrying a given
genotype. The numbers and frequencies of alleles are also shown. It is worth noting that
for the TNF rs1800629 polymorphism, the p-value was 0.06, which may indicate some trend
between this polymorphism and the occurrence of axSpA. A more detailed analysis of men
in the group showed that the TNF rs1800629 GG genotype was more common in patients
than in controls (GG vs. GA + AA, p = 0.020, OR = 2.71, 95% CI 1.25-5.76).

Table 3. The distribution of genotypes and alleles in AS patients and the control group.

e e PR e OR 95°% C1
ERAP1 152287987
AA 70 66.0% 71 64.5%
AG 33 31.1% 34 30.9% 0.799
GG 3 2.8% 5 4.5%
A 173 81.6% 176 80.0%
e 9 8.4% “ 20.0% 0.715 1.11 (0.687-1.81)
ERAP2 rs2549782
GG 25 23.6% 29 26.4%
GT 50 47.2% 52 47.3% 0.849
TT 31 29.2% 29 26.4%
G 100 47 2% 110 50.0%
T 112 52.8% 110 50.0% 0-565 0-893 (0615-1.29)
TNFRSF1B 151061622
TT 64 60.4% 68 61.8%
TG 34 32.1% 39 35.5% 0.264
GG 8 7.5% 3 2.7%
T 162 76.4% 175 79.5%
G = 6 IE 5% 0.486 0.833 (0.522-1.32)
TNF 151800629
GG 86 81.1% 80 72.7%
GA 20 18.9% 25 22.7% 0.058
AA 0 0.0% 5 45%
G 192 90.6% 185 84.1%
A 20 04 = 159% 0.060 1.82 (0.999-3.25)
TNFRSFIA 1s767455
TT 34 32.1% 30 27.3%
TC 47 44.3% 51 46.4% 0.728
cC 25 23.6% 29 26.4%
T 115 54.2% 111 50.5%
C 97 45.8% 109 49.5% 0442 116 (0-803-1.69)
FCGR2A rs1801274
AA 38 35.8% 39 35.5%
AG 52 49.1% 57 51.8% 0.860
GG 16 15.1% 14 12.7%
A 128 60.4% 135 61.4%
G 84 39.6% 85 38.6% 0844 0-959 (0.65-142)

OR, odds ratio; CI, confidence interval.
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3.2. Analysis of Potential Associations with Clinical Parameters

Initial analysis showed the following statistically significant associations between
clinical parameters and polymorphisms: (i) ERAP1 rs2287987 and CRP levels before and
after twelve and twenty-four weeks of anti-TNF treatment; (ii) TNFRSF1B rs1061622 and
BASDALI and VAS values before treatment; (iii) TNFRSF1A rs767455 and CRP and ESR
levels before treatment; and (iv) FCGR2A rs1801274 and ESR levels after twenty-four weeks
of therapy.

For the ERAP1 polymorphism, higher initial CRP values were observed among AA
homozygotes (AA vs. AG + GG, p = 0.012) than among patients with the G allele. AG
heterozygotes presented lower median CRP levels before therapy (AA + GG vs. AG,
p =0.009; AA vs. AG, p = 0.010) and after three (AA + GG vs. AG, p =0.018; AA vs. AG,
p = 0.025) and six months of anti-TNF treatment (AA + GG vs. AG, p = 0.009; AA vs. AG,
p =0.014; AG vs. GG, p = 0.048).

An analysis of the rs1061622 polymorphism within the TNFRSF1B gene showed that
GG homozygotes were associated with higher VAS values (TT + TG vs. GG, p = 0.001; TG
vs. GG, p =0.001; ITT vs. GG, p = 0.002) and BASDAI (TT + TG vs. GG, p = 0.005; TG vs. GG,
p =0.004; TT vs. GG, p = 0.009) before treatment than T allele carriers, either heterozygotes
or TT homozygotes.

The genetic variants of the second TNF receptor gene, TNFRSF1A rs767455, also
influenced the disease course. In the dominant (TT vs. TC + CC) and codominant (TT vs.
TC) models, TT homozygotes had higher levels of CRP (p = 0.009 and p = 0.006) and ESR
(p =0.013 and p = 0.010) before therapy:.

In a recessive model of the FCGR2A rs1801274 gene, ESR levels were lower in homozy-
gotes than in carriers of the A allele (AA + AG vs. GG, p = 0.030) after six months of therapy.
Investigating associations between described polymorphisms and clinical parameters are
shown in Supplementary Material—Table S1.

However, after Bonferroni correction, only the associations described herein that linked
the TNFRSF1B rs1061622 polymorphism with VAS and BASDAI parameters at baseline,
as well as TNFRSF1A rs767455 with CRP levels before treatment, remained statistically
significant (p < 0.008), and they are presented in Table 4.

Table 4. Statistically significant associations between ERAP1, TNFRSF1B, TNFRSF1A, AND FCGR2A
genotypes and clinical parameters.

N Min Q1 MedianQ3 Max IQR p? p®
TNFRSF1B 151061622

TT vs. TG + GG 0.653

TT 4 7 1 1
58 > 0 80 8 00 > TT+TGvs. GG 0.001*
TT + GG vs. TG 0.144

VAS at baseline (mm) TG 34 48 70 79 83 93 123  0.003

TT vs. TG 0.451
TG vs. GG 0.001 *

4. 9 9 1 10.
GG 8 80  84.8 3 5 00 103 TTve. GC 0,002 %
TT vs. TG + GG 0.696

TT 64 405 59 73 82 98 23
TT + TG vs. GG 0.005 *
TT + GG vs. TG 0.236

BASDAI at baseline TG 34 395 58 705 793 92 209 0015

TT vs. TG 0.523
TG vs. GG 0.004 *

GG 8 635 778 86 93 10 153
TT vs. GG 0.009




J. Clin. Med. 2022, 11,2912

8of 17

Table 4. Cont.

N Min Q1 MedianQ3 Max IQR p? p?

TNFRSF1A rs767455

CRP at baseline (mg/L)

T 34 068 425 182 401 99.8 359

TT vs. TC + CC 0.009
TT+TCvs. CC 0.991

TC 46 035 169 529 148 59.7 131 0.017

TT+CCvs. TC 0.014

TT vs. TC 0.006 *
TCvs. CC 0.231
2 7 2.7 7. 18.7 1. 15.9
CcC 5 0.76 9 85 8 51.9 5 TTvs. CC 0120

N, number of patients in groups; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; VAS, Visual
Analogue Scale; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; Q1, lower quartile; Q3, upper
quartile; IQR, interquartile range. @ Kruskal-Wallis test. > Mann-Whitney test, p < 0.008 was considered significant
(according to Bonferroni correction) and marked by asterisk (*).

3.3. Extra-Articular Manifestations and Form of the Disease

The occurrence of extra-articular manifestations in relation to genotype frequencies
was analyzed. We observed that patients with the ERAP1 rs2287987 AA genotype more
frequently presented with enthesitis (AA vs. G+, p = 0.049, OR = 4.636, 95% CI 1.101-21.24).
The GG genotype of TNFRSF1B rs1061622 was more common in patients with uveitis than
the TT genotype (GG vs. TT, p = 0.042, OR = 5, 95% CI 1.08-20). The same genetic variants
in both polymorphisms were associated with higher CRP and VAS values. There were no
significant relationships between the polymorphisms and IBD.

We also found that the ERAPI rs2287987 A allele (AG + AA vs. GG, p =0.037,OR =174,
95% CI 1.79-253; AA vs. GG, p = 0.026, OR = 24, 95% CI 2.23-349) and the TNFRSF1B
rs1061622 TT homozygotes (TT vs. GG, p = 0.032, OR = 8.25, 95% CI 1.62-42.3) were more
common among patients with HLA-B27 positivity. Other genetic associations with the
presence of HLA-B27 were the more frequent appearance of the ERAP2 rs2549782 T allele
(T + vs. GG, p=0.035, OR = 3.89, 95% CI 1.01-13) and the GT genotype (GT vs. GG + TT,
p =0.032, OR = 5.23, 95% CI 1.28-24.6; GT vs. GG, p = 0.015, OR = 7.5, 95% CI 1.60-38).

The disease was divided into two forms, namely axial and axial-peripheral, according
to the involvement of spinal joints only or spinal and peripheral joints. The axial form
was more common in TNFRSF1A rs767455 heterozygotes (TC vs. TT + CC, p = 0.0498,
OR = 2.296, 95% CI 1.05-4.95). It is worth paying attention to this genotype. As mentioned
above, TC carriers also had lower CRP and ESR levels before treatment. Furthermore, the
only statistically significant relationship between medication used and genotypes was less
frequent steroid intake in patients with the C allele (TC + CC vs. TT, p = 0.003, OR = 0.1901,
95% CI 0.061-0.54) and the TC genotype, as described in the codominant (TC vs. TT,
p =0.003, OR = 0.143, 95% CI 0.040-0.57) and overdominant (I'C vs. TT + CC, p = 0.018,
OR = 0.219, 95% CI 0.064-0.74) models.

3.4. Anti-TNF Treatment Effectiveness

The analysis of disease activity after three (3 mo) and six months (6 mo) of anti-TNF
treatment assessed therapy outcome concerning the investigated genotypes. An absolute
BASDAI score lower than three (<3) and two (<2) as well as disease activity reductions
of more than 50% (>50%) and 75% (>75%) were evaluated. Values below 2 are defined as
low disease activity and between 2—4 as moderate [37]. In other countries such as Spain,
a value of <2 is taken as inactive disease and <4 as low activity [38]. According to the
criteria of the Polish National Health Fund, we adopted the absolute value of 3. It is
worth mentioning that patients with a BASDAI 2.8 to <4 seem to have significant benefit of
anti-TNF therapy. Patient Acceptable Symptomatic State—the highest level of symptoms
beyond which patients consider themselves well—after 3 months was rated in a dedicated
study at 3.45 [39]. In our study, statistically significant relationships were found for four
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polymorphisms: ERAPI rs2287987, ERAP2 rs2549782, TNFRSF1B rs1061622, and FCGR2A
rs1801274. Statistically significant data are presented in Table 5.

Table 5. Statistically significant relationships in the assessment of anti-TNF treatment effectiveness.

Genetic Variants

ERAP1 rs2287987 AA AG GG
(+) 49 (72.06%) @ 15 (48.39%) 2 (66.67%)
ESR improvement at 6 months > 50%
(-) 19 (27.94%) 16 (51.61%) 1 (33.33%)
ERAP2 rs2549782 GG GT TT
(+) 9 (37.5%) 31 (64.58%) ® 17 (58.62%)
ESR improvement at 6 months > 50%
(-) 15 (62.5%) 17 (35.42%) 12 (41.38%)
TNFRSF1B rs1061622 GG TG TT
(+) 6 (75%) 27 (79.41%) © 33 (55%)
ESR improvement at 6 months > 50%
(-) 2 (25%) 7 (20.59%) 27 (45%)
(+) 1 (12.5%) 19 (55.88%) (@ 31 (48.44%)
BASDAI 3 months < 3
(-) 7 (87.5%) 15 (44.12%) 33 (51.56%)
(+) 2 (25%) 15 (44.12%) © 15 (24.19%)
BASDAI improvement 6 months > 75%
(-) 6 (75%) 19 (55.88%) 47 (75.81%)
FCGR2A 151801274 AA AG GG
(+) 17 (44.74%) 24 (48%) 3 (18.75%)
BASDAI 6 months < 2
(-) 21 (55.26%) 26 (52%) 13 (81.25%)
(+) 34 (89.47%) 46 (92%) 11 (68.75%) ®
BASDAI 6 months < 3
(-) 4 (10.53%) 4 (8%) 5 (31.25%)
(+) 34 (89.47%) 48 (96%) 11 (68.75%) M
BASDAI improvement 6 months > 50%
(-) 4 (10.53%) 2 (4%) 5 (31.25%)

(+): the presence of assessed parameter; (—): no parameter assessed; ESR, erythrocyte sedimentation rate;
BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; 3 months, evaluation in the third month of anti-
TNF treatment; 6 months, evaluation in the sixth month of anti-TNF treatment. @ AA vs. AG + GG, p =0.047,
OR = 2.58, 95% CI 1.098-6.26; AA vs. AG, p = 0.026, OR = 2.75, 95% CI 1.11-6.31, AA + GG vs. AG, p = 0.027,
OR =2.72,95% CI 1.12-6.14; ® GT + TT vs. GG, p =0.037, OR = 2.76, 95% CI1 1.13-6.72, GT vs. GG, p = 0.044,
OR = 3.04, 95% CI 1.09-8.45; © TG + GG vs. TT, p =0.020, OR =3, 95% CI 1.27-6.9; TG vs. TT, p = 0.025, OR = 3.16,
95% CI11.18-7.88; TG vs. TT + GG, p = 0.030, OR = 2.87, 95% CI 1.11-7.16; @ TG vs. GG, p =0.047, OR = 8.87,
95% CI1.21-104; © TG vs. TT + GG, p = 0.045, OR = 2.46, 95% CI 1.00-6.11; ® GG vs. AG, p = 0.046, OR = 0.25,
95% CI 0.070-0.979; ® GG vs. AA + AG, p =0.028, OR = 0.22, 95% CI 0.062-0.748; GG vs. AG, p = 0.032, OR = 0.19,
95% CI0.053-0.833; ™ GG vs. AA + AG, p =0.012, OR = 0.161, 95% CI 0.489-0.594; GG vs. AG, p = 0.007, OR = 0.092,
95% CI 0.017-0.557.

Associations between ESR improvement of more than 50% were observed within
ERAP1, ERAP2, and TNFRSF1B gene polymorphisms. ERAPI rs2287987 AA homozygotes
were more likely to achieve improvement at six months (AA vs. AG + GG, p = 0.047,
OR =258, 95% CI 1.098-6.26; AA vs. AG, p = 0.026, OR = 2.751, 95% CI 1.11-6.31), whereas
ERAP2 rs2549782 T allele carriers were more frequently observed to show improvement at
three months (GT + TT vs. GG, p = 0.037, OR = 2.76, 95% C1 1.13-6.72, GT vs. GG, p = 0.044,
OR = 3.04, 95% CI 1.09-8.45). The TNFRSF1B rs1061622 G variant was associated with
ESR improvement at six months (TG + GG vs. TT, p = 0.020, OR = 3, 95% CI 1.27-6.9; TG
vs. TT, p = 0.025, OR = 3.16, 95% CI 1.18-7.88). Additionally, for the TNFRSF1B rs1061622
polymorphism, an association with the clinical scale BASDAI was noted. Heterozygotes
were more commonly characterized by low BASDAI scores (<3) (TG vs. GG, p = 0.047,
OR = 8.87, 95% CI 1.21-104) and better treatment response (IG vs. TT + GG, p = 0.045,
OR = 2.46, 95% CI 1.00-6.11).
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For treatment effectiveness, the highest number of statistical relationships concerns
FCGR2A rs1801274. This polymorphism may be a marker of the long-term response to
anti-TNF treatment, as measured by the BASDAI. GG homozygotes were less frequently
observed to have BASDAI scores lower than 2 (GG vs. AG, p = 0.046, OR = 0.25, 95% CI
0.070-0.979). Similarly, the GG genotype was less commonly identified with low disease
activity, defined as a BASDAI score < 3 (GG vs. AA + AG, p = 0.028, OR = 0.22, 95% CI
0.062-0.748; GG vs. AG, p = 0.032, OR = 0.19, 95% CI 0.053-0.833). In addition, the same
genotype was less common among patients with a BASDAI improvement of more than
50% (GG vs. AA + AG, p = 0.012, OR = 0.161, 95% CI 0.489-0.594; GG vs. AG, p = 0.007,
OR =0.092, 95% CI 0.017-0.557).

4. Discussion

There are > 13 known AS-associated SNPs that span the ERAPI gene locus, including
rs3734016, 1526653, 1527895, 152287987, rs27434, rs30187, rs10050860, rs17482078, rs27044,
rs1065407, rs27980, rs7711564, and rs27037, which have been used as genetic markers in
multiple association studies. A total of eight SNPs (rs3734016, rs26653, rs27895, rs2287987,
rs30187, rs10050860, rs17482078, and rs27044) are nonsynonymous substitutions in the
coding region of the ERAP1 gene, which implies that the corresponding amino acid substitu-
tions exhibit functional effects [40]. Ethnic differences are important, as some relationships
are limited to Caucasians or Asians [21,41]. Significant differences in the minor allele and
genotype distribution between patients and controls were found in the Polish population
for ERAP1 rs2287987, rs30187, and rs27044. These results were consistent with those in other
European populations, whereas an association of rs2287987 was not observed in Portuguese
and Koreans. In contrast to ERAP1, no effect of the ERAP2 rs2248374 SNP was observed
in Polish patients with AS. However, ERAP1-ERAP2? haplotype analysis demonstrated a
possible association of both genes with AS. Interestingly, unlike ERAP1, ERAP2 seems to
play a role in both HLA-B27-positive and HLA-B27-negative AS patients [18]. The restric-
tion of the association of ERAP1 with ankylosing spondylitis to HLA-B27-positive patients
is consistent with disease models in which aberrant trimming of peptides or presentation
by ERAP1 and HLA-B27 are involved in the pathogenesis of HLA-B27-associated disease.
HLA-B27- and ERAP1-negative disease is unlikely to be caused by a similar mechanism,
and the fact that the overexpression of TNF alone is sufficient to cause spondyloarthritis in
mice suggests that overexpression or signaling by proinflammatory cytokines alone may
be sufficient to cause ankylosing spondylitis [42].

Markedly fewer studies have focused on the ERAP2 gene, and the data are conflicting.
The meta-analysis did not support any evidence on the associations for rs2248374 and
rs2549782 polymorphisms in the ERAP2 gene and susceptibility to AS. The authors indi-
cated the need for further studies in large-sample populations and in diverse ethnicities [43].
The interactions between genes are more complex. Interesting are the results of haplo-
type research. ERAP2 haplotypes rs2910686/rs2248374 /1s2549782 [44] and ERAP1/ERAP2
rs27044 /rs30187 /rs2549782 [45] were shown to be more frequent in AS patients. We have
expanded the ERAP studies of Polish population with ERAP2 rs2549782.

TNEF-« plays a vital role in the typical immune response through the regulation of a
number of pathways encompassing an immediate inflammatory reaction with significant
innate immune involvement as well as cellular activation with subsequent proliferation and
programmed cell death or necrosis [46]. The literature suggests that genetically determined
high activity of the TNF-« pathway is associated with an increased risk of AS [47]. A meta-
analysis suggested that TNF-a polymorphisms rs361525, rs1800629, rs1799724, rs1799964,
and rs769178 could influence AS susceptibility in the total population. Some results in
the subgroups were not consistent with those in the total population [48]. There was no
association in the HLA-B27-positive AS group and HLA-B27-positive control group [34,43].
Another meta-analysis consisting of a larger number of studies proposed that the rs1800629
polymorphism is associated with an increased AS risk in Caucasians and that the rs361525
and rs1800630 polymorphisms are linked to an elevated AS susceptibility in Asians [25]. In
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our study, we observed some trend in rs1800629, but the p-value in the general population
was above 0.05. Further analysis showed that the TNF rs1800629-GG genotype was more
common in male patients. Apart from our study, we found no other sex-related correlations
in the literature. Available data concern mainly patients with AS. Our study group consists
of axSpA patients—both AS and nr-SpA patients.

Most of the research on TNF receptor polymorphisms comes from Asia. In AS,
TFRSF1A rs4149570 [49], rs4149577 [50], rs767455 [26], and TNFRSF1B rs1061622 [51]
polymorphisms have been demonstrated. In an extended study in a Caucasian population,
there were associations with TNFRSF1A rs4149576 and rs4149577 [52]. Reveille et al. found
TNFRSF1A rs1800693 in individuals of European descent [53].

There are a few data on the prevalence of FCGR2A SNPs in AS. The occurrence of
rs1801274 among Europeans has been confirmed [54]. Considering other autoimmune
diseases, associations with Kawasaki disease and ulcerative colitis have also been demon-
strated for FCGR2A rs1801274 [35].

There are fewer data in the literature about disease activity dependent on genetic poly-
morphisms. Nossent et al. showed an association between the ERAP1 rs27044 C/rs30187 T
haplotype and a reduced risk for extraspinal disease and a lower risk of systemic inflam-
mation in HLA-B27-positive patients. However, this was not explained by any association
between the ERAP1 haplotype and proinflammatory cytokine levels. Other studies have
shown lower syndesmophyte formation for rs30187 and the C allele in Taiwan and lower
BASFI scores for rs27044 and the C allele in Spain [55]. On the other hand, no relation-
ship was found between six ERAP1 SNPs, namely rs30187, rs27044, rs27434, rs17482078,
rs10050860, and rs2287987 and AS activity as measured by sacroiliac joint inflammation
on MRI, BASDAI score, ASDAS-CRP, and CRP in the French population [56]. In contrast,
we focused on ERAPI rs2287987, which affected the initial CRP value among Polish pa-
tients, but this relationship was not statistically significant after Bonferroni correction. A
relationship for CRP was also described for ERAP1 rs27044 in Iran [57].

TNF rs1800629 has been described to be associated with disease activity in South and
Central American populations [58]. In China, this SNP may be a weak indicator reflecting
the active state of AS. The haplotype GACTCG of five SNPs in TNF-« and one in TNF-f3
may indicate both the susceptibility and the activity of AS [59]. We did not confirm these
data in Caucasians.

Similar to the study by Xing-Rong et al., we confirmed the relationship between
the TNFRSF1B rs1061622 polymorphism and disease activity but assessed it by other
parameters. In the Chinese study, apart from chest expansion, no significant difference was
found in disease duration, BASDAI and BASFI scores, the duration of morning stiffness,
the distance from the occiput to the wall, Schober’s test score, the number of swollen joints,
or the number of tender joints [26]. In our study, we found initial VAS and BASDAI score
associations with rs1061622. Moreover, we expanded the study to include inflammatory
parameters, which were affected by TNFRSF1A rs767455. In the abovementioned paper,
this polymorphism was not assessed due to the small size of the group of patients with one
of the genotypes. Another described polymorphism of TNFRSF1A is rs1800693, which is
associated with the BASDALI score [60].

Research on the FCGR2A gene is related to other inflammatory diseases, such as
chronic periaortitis [61] or severe pneumonia in A/H1N1 influenza infection [62]. Other
described polymorphisms associated with disease activity are located, for example, within
genes coding for IL-33 [63], IL-17F, and IL-17RA [64]. A detailed understanding of the
pathogenesis of disease, including the functions of genes involved in this process, will allow
the development of drugs with new mechanisms of action. Early selection of patients at
risk for severe disease, based on genetic markers, will improve axSpA treatment strategies.

Uveitis is the most common, clinically important extra-articular manifestation of AS.
The phenotype characteristic for AS (sudden onset, anterior, unilateral, recurrent, more
often male) may differ from the phenotype often seen with either psoriatic arthritis or
inflammatory bowel disease (insidious onset, anterior and intermediate, bilateral, chronic,
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and/or more often female) [65]. Genes associated with the risk of developing uveitis include
ERAP1, intergenic region 2p15, IL23R, IL10-IL19, IL18R1-IL1R1, IL6R, KIF21B, and EYS. This
means that overlapping but also distinct genetic susceptibility loci for uveitis and AS were
demonstrated [66]. Among the ERAPI polymorphisms associated with the risk of uveitis
are rs2032890, rs27529, rs30187, and rs2287987 (the relationship is greater for the rs2287987/-
rs10044354 haplotype) [67-69]. In our study, we did not confirm the relationship between
ERAP1 rs2287987 and the occurrence of uveitis but rather with enthesitis. On the other
hand, we showed a relationship between TNFRSF1B rs1061622 and uveitis. Consistent with
the high heritability, a genome-wide polygenic risk score shows strong power in identifying
individuals at high risk of either AS with uveitis or AS alone [67].

There are fewer data on the possibility of peripheral arthritis in axSpA. Among the
polymorphisms found more frequently in AS patients with arthritis, JAK2 rs7857730, IL-
23R 1511209008 and rs10489630, CYP1B1 rs1056836, NELL1 rs8176786, KL rs564481, MEFV
15224204, IL-2RB rs743777, and IL-1A rs1800587 have been described [70]. Another study
showed an association of the ERAPI rs27044 C/rs30187 T haplotype with a lower risk of
extraspinal disease, defined as one of the following: peripheral arthritis, psoriasis, uveitis,
and IBD [55].

The FCGR2A rs1801274 A allele is a good candidate for a potential biomarker of
anti-TNF treatment response after six months. Using BASDAI score, we confirmed the
relationship for disease activity. For autoimmune rheumatic diseases, the data are mainly
related to rheumatoid arthritis, and two meta-analyses have been performed showing
the impact of FCGR2A rs1801274 [71,72]. The high predictive potential of this gene has
also been demonstrated by studies with other biologic drugs, such as rituximab [73] and
abatacept [74]. The effect of FCGR2A rs1801274 on treatment efficacy in SpAs is more
difficult to assess due to the inconsistent results of previous studies. A meta-analysis by Lee
et al. did not confirm a relationship in patients with spondyloarthropathy, psoriasis, and
Crohn’s disease. However, this was confirmed in a single long-term follow-up study with a
follow-up time > 6 months. Similarly, in our study group of axSpA patients, we confirmed
the relationship only in the case of a longer period after 6 months of treatment. The
mechanism of this relationship was explained: the FCGR2A rs1801274 polymorphism affects
the affinity of the receptor for IgG. Homozygous neutrophils having a histidine at position
131 have a threefold higher phagocytosis rate and sevenfold higher bactericidal activity
than homozygous neutrophils with the arginine 131 genotype. The Fc portions of anti-
TNFs bind to FCGR on the cell surface, which may affect cellular functional processes, such
as phagocytosis, cytokine release, degranulation, and antibody-dependent cell-mediated
cytotoxicity. Anti-TNFs share an IgG1 Fc fragment and may neutralize the biologic activity
of TNF-o [75]. It may be possible to use genetic variants to determine prognosis and
potentially guide treatment decisions. A key step towards their use would be external
validation as well as an investigation of their integration with existing clinical prognostic
scores [76].

As mentioned above, the effect of ERAP genetic variants on AS prevalence has been
widely described. It is worth noting the relationship of rs151823 and rs26653 polymor-
phisms in the ERAP1 gene with a good response to ustekinumab, an anti-IL-12/23 agent,
in psoriatic patients with early onset of the disease [77]. In the present study, we analyzed
another ERAP1 polymorphism, rs2287987, for which AA homozygosity was found to be
associated with better ESR improvement.

The hypothesis regarding the effect of TNF-axis gene variation on anti-TNF efficacy
seems obvious. Studies in this direction have been conducted. A meta-analysis showed
that the presence of the TNF rs1800629 G allele and the rs361525 G allele predicted a good
response to TNF blockers and that it was dependent on the response criteria used. However,
the prediction of the response to etanercept was much more powerful than the prediction of
the response to infliximab/adalimumab. These drugs have a different molecular structure.
TNF rs1799724 could not predict the response in either subgroup [78]. It is legitimate to ask
about genes encoding TNF receptors, such as TNFRSF1A and TNFRSF1B, and whether they
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also affect treatment efficacy. In both cases, variants with and without a confirmed relation-
ship can be found. The first group includes TNFRSF1A rs1800693 and TNFRSF1B rs1061622,
and the second group includes TNFRSF1A rs767455, rs2234649, and rs4149570 [26,49,79]. Of
the three TNF-axis genes tested in our study, namely TNF rs1800629, TNFRSF1A rs767455,
and TNFRSF1B rs1061622, only TNFRSF1B rs1061622 showed predictive potential for treat-
ment response, measured by an ESR reduction in the six-month follow-up, a BASDAI
score < 3 in the third month, and BASDAI improvement > 75% in the sixth month.

There has already been a successful attempt to create a model of anti-TNF nonresponse
combining genotype and clinical features. It included the following characteristics: female
sex, elevated baseline BASFI scores, and the CHUK gene rs11591741-GG SNP. The identifica-
tion of predictors of nonresponse could assist in decision making for an alternative therapy
in patients with SpA; it would also help to improve the risk/benefit ratio in patients who are
candidates for initiating treatment with anti-TNF agents [80]. A model containing several
or more genetic polymorphisms could even more precisely predict treatment response.

The main limitation of the study was the small group size. Genetic studies require a
large number of patients. For this reason, we counted the correlations for different anti-TNF
drugs together. Racial variability must be borne in mind, and results may differ for other
populations around the world.

5. Conclusions

This is one of the few genetic studies that addresses axSpA in a comprehensive man-
ner. We assessed genetic polymorphisms in terms of disease prevalence, clinical features,
activity, extra-articular symptoms presence, and treatment effectiveness in a short and long
period of time. SNPs have the potential to predict the disease course. We report genetic
polymorphisms associated with high initial axSpA activity; after Bonferroni correction, TN-
FRSF1A rs767455 and TNFRSF1B rs1061622 remained statistically significant. The ERAP1
rs2287987 GG genotype was more frequently observed in patients with enthesitis, while
the TNFRSF1B rs1061622 GG genotype was more common in participants with uveitis than
the TT genotype. Potential in predicting anti-TNF treatment response was demonstrated
by ERAP1 152287987, ERAP2 rs2549782, TNFRSF1B rs1061622, and FCGR2A rs1801274. A
greater improvement in ESR was observed for ERAP1 rs2287987 AA homozygotes, carriers
of the ERAP2 rs2549782 T allele, and carriers of the TNFRSF1B rs1061622 G allele. Moreover,
TNFRSF1B rs1061622 heterozygotes were more commonly characterized by low BASDAI
scores and better treatment responses.

In clinical practice, such biomarkers can be used to identify patients at risk of severe
disease to initiate treatment earlier. Predicting the effectiveness of therapy based on genetic
testing will allow clinicians to choose the right drug for the patient, thus personalizing
treatment. To develop treatment algorithms, more studies on larger groups of patients
are needed.
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Abstract: Vitamin D deficiency is related with susceptibility or progression of various autoimmune
diseases. The aim of the study was to assess potential relations between single nucleotide polymor-
phisms (SNPs) in the vitamin D receptor-coding gene (VDR): rs1544410 (Bsml), rs2228570 (FokI),
rs731236 (Tagl), rs7975232 (Apal), and disease activity in patients with axial spondyloarthritis (axSpA)
undergoing anti-TNF therapy. The VDR rs731236 CT genotype was statistically more common among
female patients (p = 0.027). An improvement of CRP equal to or higher than 50% after 3 months of
anti-TNF therapy was observed for rs2228570 T allele (p = 0.002). After 6 months, CRP improvement
equal to or higher than 75% was related to presence of the rs1544410 AA genotype (p = 0.027) and the
15731236 CC homozygotes (p = 0.047). Baseline BASDAI values were lower in individuals with the
152228570 TT genotype (p = 0.036) and 157975232 C allele (p = 0.029). After 6 months of treatment,
lower BASDAI values were observed in AC heterozygotes (p = 0.005). The same AC genotype was
more frequently detected in patients with remission (BASDAI < 2) (p = 0.001) and in those achieving
BASDAI improvement equal to or higher than 75% (p = 0.006). In conclusion, VDR SNPs were found
to relate to CRP and BASDALI values at different time points of anti-TNF therapy.

Keywords: axial spondyloarthritis (axSpA); ankylosing spondylitis (AS); vitamin D receptor (VDR);
single nucleotide polymorphism (SNP); disease progression; anti-TNF therapy

1. Introduction

Vitamin D is a steroid hormone originating from cholesterol. Few foods naturally
contain vitamin D, which is mostly synthesized in human skin through sun exposure. The
biologically inactive precursor is converted in the liver and kidney to the biologically active
form: 1,25-dihydroxy vitamin D (1,25(OH)2D), also known as calcitriol. The 1,25(0OH)2D
enters target cells and binds to the vitamin D receptor (VDR). This intracellular polypep-
tide acts as VDR/VDR homodimers or VDR /retinoic acid receptor (RXR) heterodimers
(VDR/RXR) to target cell DNA, leading to special protein syntheses [1].

The primary function of 1,25(0OH)2D is to regulate calcium and phosphorus homeosta-
sis via actions in the intestines, kidneys, and bone [2,3]. Moreover, vitamin D signaling
has an effect on many physiologic processes, including normal and malignant cell growth
and differentiation, the innate and adaptive immune function, improved cardiovascular
function, diabetes prevention, and the complex interplay with other hormones [4,5]. As
for immunomodulatory actions of 1,25(0OH)2D, it enhances the innate immune system and
inhibits adaptative immune responses, which is associated with increased synthesis of inter-
leukins by T helper (Th)-2 lymphocytes and the upregulation of regulatory T lymphocytes
(T-reg) [6]. Vitamin D has also been reported to inhibit expression of TNF-c [7]. Clinical
studies have indicated that vitamin D deficiency is positively correlated with the onset or
exacerbation of various autoimmune diseases, such as type I diabetes mellitus, autoimmune
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thyroid diseases, multiple sclerosis, autoimmune rheumatic diseases, inflammatory bowel
diseases, and psoriasis [8-10]. Experiments seeking to define the mechanisms underlying
this finding are ongoing [11].

VDR gene polymorphisms may lead to functional changes reducing vitamin D reg-
ulatory effects on the immune response. Some associations have been identified with
the onset of specific immune-mediated diseases: rs1544410 or rs731236 single nucleotide
polymorphisms (SNPs) with autoimmune thyroid disease, rs1544410 and rs2228570 with
systemic lupus erythematosus (SLE), rs2228570 with diabetic nephropathy, and finally,
157975232, rs1544410, and rs731236 with rheumatoid arthritis (RA) [12]. A meta-analysis
of studies confirmed the correlation of rs1544410 and rs731236 for RA patients, especially
among Asians [13]. Additionally, the association of the VDR rs1544410 polymorphism with
RA activity is interesting, as described by Gomez-Vaquero et al. [14]. High disease activity
with low vitamin D levels has been described more extensively [9,15,16].

The findings on the impact of VDR polymorphisms on various rheumatic disorders
encouraged us to investigate these potential relationships in another chronic inflammatory
disease: axial spondyloarthritis (axSpA).

2. Materials and Methods
2.1. Participants

The study group consisted of 106 patients of Caucasian origin diagnosed with ax-
ial spondyloarthritis (axSpA) at Department of Rheumatology and Internal Medicine of
Wroctaw Medical University, Poland. The female to male ratio among the patients was 28:78.
The study group included 86 ankylosing spondylitis (AS) patients and 20 persons with
non-radiographic axSpA (nr-axSpA). AS patients were diagnosed according to modified
New York criteria [17], while those with nr-axSpA were diagnosed using ASAS criteria [18].
All of the participants gave their informed consent regarding the study. Patients were
excluded from the study according to the following criteria: age < 18 years, pregnancy or
breastfeeding, cancer, chronic disease, organ failure exacerbation, mental retardation, and
alcohol or drug abuse.

Clinical data of the qualified participants, such as age, body mass index (BMI), dis-
ease onset, peripheral arthritis history, and medication history were collected (Table 1)
and used for downstream statistical analysis. In addition to musculoskeletal symptoms,
extra-articular manifestations (such as uveitis, psoriasis, or inflammatory bowel disease)
were also noted. All participants received one of the following anti-TNF treatments: adal-
imumab, certolizumab, etanercept, golimumab, or infliximab. After two nonsteroidal
anti-inflammatory drugs (NSAIDs) were found to be ineffective or when contraindica-
tions to such treatment were present, then anti-TNF treatment was implemented. This
marked the beginning of the participants’ observation for the current study. Apart from
the mentioned baseline (day 0), the examination took place also after 12 weeks (3 months)
and 24 weeks (6 months) of the anti-TNF therapy. Parameters, such as C-reactive protein
(CRP) measured using the nephelometric method, erythrocyte sedimentation rate (ESR),
and human leukocyte antigen B27 (HLA-B27) status, were assessed at each of the above-
mentioned time points. CRP and ESR are non-specific inflammatory biomarkers often used
to monitor the rheumatic diseases activity [19]. The first increases a few hours after the
onset of inflammation or injury and peaks at 36 to 50 h. CRP levels drop quickly after
inflammation resolves. ESR remains elevated for days to weeks after resolution of inflam-
mation [20]. HLA-B27 status is a relevant tool that allows to distinguish SpA from no SpA,
since it is strongly associated with SpA. This has been used in the axSpA ASAS criteria [21].
Back pain was quantified using the visual analogue scale (VAS) (range 0-100 mm). Disease
activity was determined according to Bath Ankylosing Spondylitis Disease Activity Index
(BASDAI) (range 0-10) [22]. It consists of 6 questions concerning the intensity of back pain
and peripheral joint pain, morning stiffness, and the level of fatigue. Both BASDAI and
VAS scores are completed by the patient. The initial axSpA activity at the beginning of the
study was high and above 4 in BASDAI score.
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Table 1. Characteristics of the patient cohort included in the study. SD, standard deviation; F, female;
M, male; nr-axSpA, non-radiographic axial spondyloarthritis; AS, ankylosing spondylitis; BMI, body
mass index; HLA-B27, human leukocyte antigen B27; MTX, methotrexate; NSAIDs, nonsteroidal

anti-inflammatory drugs; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index.

Number of Patients (N) 106
Age mean in years (+SD) 42.7 (£12.9)
Disease duration mean in years (+SD) 9.29 (£8.49)
Disease onset mean in years (£SD) 32.7 (£10.2)
Sex F/M (%) 28/78 (73.6%)
BMI mean (£SD) 25.5 (+4.59)
HLA-B27 positive patients, % 88%

Form axial/axially peripheral (%)
nr-axSpA/AS (%)

58 (54.7%) /48 (45.3%)
20 (18.9%)/86 (81.1%)

Extra-articular manifestations: N (%)
Uveitis 33 (31.1%)
Inflammatory bowel disease 18 (17.0%)
Enthesitis 17 (16.0%)
Psoriasis 6 (5.7%)
Patients with at least one manifestation 53 (50.0%)
Patients with two manifestations or more 17 (16.0%)
Concomitant treatment at the start of biologic treatment: N (%)
NSAIDs 73 (69.5%)
MTX 32 (30.2%)
Sulfasalazine/Mesalazine 28 (26.4%)
Corticosteroids 17 (16.0%)
Other 2 (2.0%)
Anti-TNF drugs: N (%)
Adalimumab 43 (40.6%)
Etanercept 28 (26.4%)
Certolizumab 24 (22.6%)
Golimumab 9 (8.5%)
Infliximab 2 (2.0%)

Disease activity:

BASDALI before treatment, median (range)
BASDALI after 6 months of treatment, median (range)
Low activity L after 6 months of treatment, N (%)

7.45 (4.05-10)
2.30 (0-10)
97 (93.3%)

1 Defined as BASDAI < 3.

As for the control group, 122 healthy donors for allogeneic haematopoietic stem
cell transplantation were recruited. They were not diagnosed with any rheumatic or
autoimmune disorder, nor with any other disease.

The study was conducted in accordance with the Declaration of Helsinki and approved
by the Ethics Committee of the Wroctaw Medical University (Wroctaw, Poland) (protocol
code: KB-751/2018, date of approval: 18 December 2018).

2.2. SNP Selection

Single nucleotide polymorphisms (SNP) in VDR gene were selected for the analysis
based on the literature data and information available in the NCBI SNP database. Potential
clinical or biological impact of the polymorphism (e.g., change in RNA and/or amino
acid sequence, potential splicing site and/or miRNA binding site), as well as minor allele
frequency (MAF, 1000 Genomes Project) above 10% in the European population were the
most important factors when selecting SNPs for the study.

Four polymorphic variants in the VDR gene were selected for the experiment: rs2228570,
rs1544410, rs7975232, and rs731236. The rs2228570 polymorphism (often called FokI after
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the restriction enzyme widely used for its genotyping [23] is located in exon 1 of the VDR
gene. It is a thymine (T) to cytosine (C) substitution that leads to changing methionine (Met)
codon (ATG) into one that codes threonine (Thr) (ACG). As the mentioned Met marks the
original start of translation, the variant allele introduces a new start codon: at methionine
localized three codons downstream from the sequence. Consequently, the rs2228570 T
variant generates VDR protein that is 3 amino acids shorter than the original one (the
mutant with 424 codons vs. the wild type having 427 codons) [24]. Importantly, this short
VDR isoform was reported as 1.7-fold more active than the longer one [25].

The second polymorphism selected for the study was rs1544410 (also called BsmlI). It is
a guanine (G) to adenine (A) substitution in the intron region of the VDR gene. This genetic
variant is hypothesized to affect mRNA stability and generate an alteration in splice site or
a change in intron regulatory elements [26].

The two last SNPs included in the experiment were rs7975232 (Apal) and rs731236
(Tagl). Those two are localized in a very close proximity in the VDR gene. As a consequence,
usually the exact same primer sets are used for the PCR analysis of them both [23,27]. The
rs7975232 cytosine (C) to adenine (A) substitution is localized in the intron and expected to
affect mRNA stability and gene expression [28]. Meanwhile, the rs731236 SNP is located
on a following exon. It is a thymine (T) to cytosine (C) substitution, leading to a silent
mutation where one isoleucine (Ile) codon (ATT) is replaced by another isoleucine codon
(ATC) in the sequence. Consequently, no change is observed in the amino acid chain of the
VDR protein (based on the NCBI SNP database, as of 15 August 2022: https:/ /www.ncbi.
nlm.nih.gov/snp/rs731236#variant_details). However, this SNP could potentially have
an effect on mRNA stability or modify the binding with vitamin D responsive elements
(VDRES) located in the target genes [29,30].

2.3. Sample Collection and Genotyping

Peripheral blood of participants was collected into BD Vacutainer K2EDTA tubes
(Becton, Dickinson, Franklin Lakes, NJ, USA) and stored frozen at —20 °C for later nucleic
acid extraction. After storage, samples were thawed and brought to room temperature.
Then, DNA was extracted using QIAmp DNA Blood Mini/Midi Kit (Qiagen, Hilden,
Germany) according to the manufacturer’s protocol.

SNP genotyping was performed using LightSNiP assays (TIB MOLBIOL, Berlin,
Germany) and LightCycler FastStart DNA Master HybProbe (Roche Diagnostics GmbH,
Mannheim, Germany) on the LightCycler 480 II Real-Time PCR Instrument (Roche Diag-
nostics GmbH, Basel, Switzerland).

Genotyping was performed according to the manufacturer’s instructions. SNPs were
detected by PCR amplification and labeling with specific probes. The following melting
curve analysis provided visual means for distinguishing the wild type and variant alleles,
as well as heterozygotes.

2.4. Statistical Analysis

Data and clinical parameters collected during experiments (listed in Table 1, as well
as in Supplementary Tables) were analyzed statistically with the R software version 4.0.3
(http:/ /www.rproject.org Assessed on 13 June 2022) and GraphPad Prism 7 for Windows
(GraphPad Software, La Jolla, CA, USA). The GraphPad Prism 7 was also used to prepare
the figures.

Data normality was verified with the Shapiro-Wilk test. Obtained results are presented
as medians with interquartile ranges (IQRs) for quantitative data, or as numbers with
percentages for categorical variables. Either the chi-square or Fisher’s exact test was applied
to compare genotypes and allele frequencies between the patient and control groups. The
unpaired two-sample Wilcoxon test was introduced to identify associations between clinical
parameters and genetic variants. To analyze relationships between categorical data and
genotypes, Fisher’s exact test was used.
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Genetics models were used to describe associations within investigated SNPs. The
genotypes were coded as a major allele homozygote (MM), a heterozygote (Mm), and a
minor allele homozygote (mm). A dominant model compared MM versus Mm + mm,
whereas a recessive model compared MM + Mm versus mm. An over-dominant model
was described as MM + mm versus Mm. The comparisons between MM and Mm, and mm
were included into a codominant model.

Probability (p) values of 0.05 or lower (p < 0.05) were considered statistically significant
for all performed analyses.

Hardy—Weinberg equilibrium (HWE) was calculated manually using Microsoft Excel
2019 (version 16.0.10369.20032, Microsoft Corporation, Redmont, WA, USA).

Linkage disequilibrium between different VDR polymorphic variants was analyzed
with Haploview 4.2 software.

3. Results
3.1. Linkage Disequilibrium and Hardy-Weinberg Equilibrium (HWE)

VDR rs1544410, rs731236 and rs7975232 were found to be in strong linkage disequilib-
rium (LD) (Figure 1). Positions of rs731236 and rs7975232 are very close to each other in the
gene. Additionally, all three mentioned polymorphisms are localized near the 3’ UTR of
the gene. In contrast, locus of the rs2228570 SNP is in exon 1. Hence, it was not surprising
that this one polymorphism was not in LD with the rest of the SNPs studied.

(L ]

~N o o

(7= [\ L ~
o N -+ W
~N O - <]
e N~ - o~
o~ (- 1) o
~ N - o
» » » (7]
- - - —
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1 2
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Figure 1. Values of linkage disequilibrium (LD) between the studied polymorphisms. Analysis was
performed using Haploview 4.2 software.

Allele frequencies obtained during the experiment respected the Hardy-Weinberg
Equilibrium (HWE), with probability (p) values between 0.066 and 0.828.

3.2. Patients vs. Healthy Controls

No relations were found when comparing distribution of any of the studied VDR
polymorphic variants between the axSpA patients and healthy controls. Data regarding this
can be found in Table 2. The genotype and allele frequencies seen in the studied population
closely resemble those reported in the NCBI SNP database.
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Table 2. Genotype and allele frequencies of studied VDR SNPs in patients with axial spondyloarthritis

(axSpA) and in healthy controls.

SNP/Genotype axSpA [N (%)] Healthy Controls [N (%)]

rs1544410

AA 17 (16.0%) 27 (22.1%)

AG 48 (45.3%) 52 (42.6%)

GG 41 (38.7%) 43 (35.3%)

A 82 (38.7%) 106 (43.4%)

G 130 (61.3%) 138 (56.6%)
152228570

cc 33 (31.1%) 39 (32.0%)

CT 48 (45.3%) 63 (51.6%)

TT 25 (23.6%) 20 (16.4%)

C 114 (53.8%) 141 (57.8%)

T 98 (46.2%) 103 (42.2%)
rs731236

cc 16 (15.1%) 15 (12.9%)

CT 48 (45.3%) 65 (56.1%)

TT 42 (39.6%) 36 (31.0%)

C 80 (37.7%) 95 (40.9%)

T 132 (62.3%) 137 (59.1%)
157975232

AA 27 (25.5%) 26 (22.4%)

AC 50 (47.2%) 65 (56.0%)

cC 29 (27.3%) 25 (21.6%)

A 104 (49.1%) 117 (50.4%)

C 115 (50.9%) 115 (49.6%)

We have also found that the VDR rs731236 CT genotype was far more common among
female (F) than male (M) patients in both codominant (CT vs. TT: (18/48 (37.5%) vs. 7/42
(16.7%); p = 0.035) and over-dominant (CC + TT vs. CT: 10/58 (17.2%) vs. 18/48 (37.5%);
p = 0.026) models, as presented on Figure 2. Sadly, we were unable to perform similar
analysis for the control group, as the sex of the healthy transplant donors has not been

revealed to us.

VDR rs731236

p=0.035
| — |

B Male

O Female

CcC CcT T

(a)

Percent of patients

100%
80%
60%
40%
20%

0%

VDR rs731236

p=0.026
@ Male

OFemale

Heterozygotes Homozygotes

(CT)

(CC+TT)
(b)

Figure 2. Relationship between VDR rs731236 genetic variants and patients’ gender. The following
statistically significant associations were found: (a) CT vs. TT, p = 0.035, OR(95%CI) = 3 (1.16 to 7.56);
and (b) CC + TT vs. CT, p = 0.026, OR(95%CI) = 0.35 (0.14 to 0.85). Analysis was performed using

Fisher’s exact test.
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3.3. VDR Polymorphisms and Patients’ Characteristics

No correlation was observed between the age of patient at diagnosis or the form of
the disease and the presence of any of the studied polymorphic variants.

In turn, we found that body mass index (BMI) was lower in individuals carrying
the rs2228570 CT genotype. The statistically significant associations were observed in
the codominant (CT vs. TT: median(IQR) = 23.80 (22.05-25.89) vs. 26.08 (23.57-29.50);
p =0.031) and over-dominant (CC + TT vs. CT: median(IQR) = 25.85 (23.51-29.24) vs. 23.80
(22.05-25.89); p = 0.029) models, as shown on Figure 3.

VDR rs2228570 VDR rs2228570
p=0.031 )
0081 0=0.029

L

| Min. - Max,

BMI

T | | . B 25%- 75%

— Mean

(a) (b)

Figure 3. Relationships between VDR rs2228570 genotypes and patients” body mass index (BMI),
measured in kg/m?. The following statistically significant associations were found: (a) CT vs. TT,
p =0.031; (b) CC + TT vs. CT, p = 0.029. Analysis was performed using unpaired two-sample
Wilcoxon test.

No associations were found between the studied VDR SNPs and presence of HLA-B27.

3.4. VDR polymorphisms and clinical parameters

No correlation was observed between CRP levels and any of the VDR polymorphic
variants at any studied time point. However, we assessed a change in the parameters
studied as an improvement equal to or higher than 50% and 75%, and in the case of
BASDALI also as absolute values of <3 and <2.

We observed that an improvement equal to or higher than 50% in CRP after 3 months
of anti-TNF therapy was associated with VDR rs2228570 genetic variants (Figure 4a). Lack
of CRP improvement >50% after 3 months of anti-TNF therapy was related to the presence
of the CC genotype. It was shown by dominant (CC vs. CT + TT: 16/32 (50%) vs. 13/71
(18.3%); p = 0.002) and codominant (CC vs. CT: 16/32 (50%) vs. 8/46 (17.4%); p = 0.003; CC
vs. TT:16/32 (50%) vs. 5/25 (20%); p = 0.028) models.

As for the time point of 6 months after beginning of the treatment, the rs1544410 AA
genotype was statistically more often observed among individuals who achieved CRP
improvement equal to or higher than 75%, as shown by the dominant (AA vs. AG + GG:
12/15 (80%) vs. 42/87 (48.3%); p = 0.027) and the codominant (AA vs. AG: 12/15 (80%) vs.
22/46 (47.8%); p = 0.038) model (Figure 5b).

Similar observation was also made for the VDR rs731236 polymorphism. Here,
6 months after beginning anti-TNF therapy, the rs731236 CC genotype was related to
CRP improvement equal to or greater than 75%, as compared to the T allele (11/14 (78.6%)
vs. 43/88 (48.9%); p = 0.047) (Figure 6b).
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Figure 4. Relationships between VDR rs2228570 genetic variants and percent of patients achieving
CRP improvement of >50% after (a) 3 months of anti-TNF therapy and (b) 6 months after beginning
of the treatment. The following statistically significant associations were found: (a) CC vs. CT,
p = 0.003, OR(95%CI) = 0.21 (0.08 to 0.59); CC vs. TT, p = 0.028, OR(95%CI) = 0.25 (0.08 to 0.81); and
CCvs. CT +TT, p = 0.002, OR(95%CI) = 0.22 (0.09 to 0.59). Analysis was performed using Fisher’s

exact test.
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Figure 5. Relationships between VDR rs1544410 polymorphism and percent of patients achieving
CRP improvement of >75% after (a) 3 months of anti-TNF therapy, and (b) 6 months after beginning
of the treatment. The following statistically significant associations were found: (b) AA vs. AG,
p =0.038, OR(95%CI) = 4.36 (1.06 to 15.7); and AA vs. AG + GG, p = 0.027, OR(95%CI) = 4.29 (1.20 to
14.8). Analysis was performed using Fisher’s exact test.
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Figure 6. Relationships between VDR rs731236 genetic variants and percent of patients achieving
CRP improvement >75% after (a) 3 months of anti-TNF therapy and (b) 6 months after beginning of
the treatment. The following statistically significant associations were found: (b) CC vs. CT + TT,
p = 0.047, OR(95%CI) = 3.84 (1.03 to 13.4). Analysis was performed using Fisher’s exact test.
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Although erythrocyte sedimentation rate (ESR) measurement data was collected at
all three time points: at baseline, and then 3 and 6 months after beginning of the anti-TNF
treatment, the relationships with any of the VDR polymorphic variants were found to be
statistically significant at only one time point. Namely, the lowest ESR after 6 months of
therapy was observed for the rs731236 CC homozygotes in the codominant model (CC vs.
CT: median (IQR) =3 (2-11) vs. 8 (3-15); p = 0.017) as well as dominant model (CC vs. CT +
TT: median (IQR) = 3 (2-11) vs. 6 (3-15); p = 0.046). Relationships between VDR rs731236
genotypes and ESR levels at different time points of the treatment are shown on Figure 7.

VDR rs731236 VDR rs731236 VDR rs731236

- T h ) . Mean

ﬂjf
{
L -
i

VDR rs731236 VDR rs731236 VDR rs731236
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(d) (e) ()

VDR rs731236 VDR rs731236 VDR rs731236

g 40 ! | Min. - Max.
p =0.017 : p=0.021 D 25% - 75%
kA — Mean

(8) (h) (1)

3 months into

— Mean

anti-TNF therapy

ESH

: ﬂi

p=0.046

anti-THF therapy
ESR 6 months into

anti-THF therapy
ESKE & months into

ESR &

Figure 7. Relationships between VDR rs731236 genotypes and ESR levels at three time points: (a—c)
prior to anti-TNF therapy, (d-f) after 3 months, and (g-i) after 6 months of the treatment. The
following statistically significant associations were found: (g) CC vs. CT, p = 0.017; (h) CC vs. CT +
TT, p =0.046; and (i) CC + TT vs. CT, p = 0.021. Analysis was performed using unpaired two-sample
Wilcoxon test.

Further statistical analysis revealed some noteworthy relations between the Bath Anky-
losing Spondylitis Disease Activity Index (BASDAI) and the studied VDR polymorphisms.
The first one worthy of mentioning was concerning the VDR rs2228570 polymorphism.
Namely, median BASDAI before anti-TNF therapy was lower for individuals with the TT
genotype, under the codominant model (CT vs. TT: median (IQR) = 7.65 (6.38-8.8) vs.
7.20 (5.55-7.5); p = 0.032) and the recessive model (CC + CT vs. TT: median (IQR) = 7.60
(6.1-8.4) vs. 7.20 (5.55-7.5); p = 0.036). Relationships between VDR rs2228570 genotypes
and BASDALI at different time points of the treatment, as well as all statistically significant
associations found, are presented on Figure 8.
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Figure 8. Relationships between VDR rs2228570 genotypes and BASDALI scores at different time
points: (a,b) prior to anti-TNF therapy, (c,d) after 3 months, and (e,f) after 6 months of the treatment.
The following statistically significant associations were found at day 0: (a) CT vs. TT, p = 0.032; and
(b) CC + CT vs. TT, p = 0.036. Analysis was performed using unpaired two-sample Wilcoxon test.

The baseline BASDALI values also varied between distinct 1s7975232 genotypes (Figure 9).
Lower median BASDAI was observed in AC heterozygotes when compared to AA homozy-
gotes (AA vs. AC, p = 0.030) (Figure 9a).

All the above-mentioned relationships have not been preserved over time, and none
of the studied VDR polymorphisms seemed to relate to BASDAI when 3 months have
passed. However, this changed 6 months after the beginning of the anti-TNF treatment. At
this time point, median BASDAI values were lower for rs7975232 AC heterozygotes under
the over-dominant (AA + CC vs. AC: median (IQR) = 2.50 (1.95-2.85) vs. 1.80 (1.17-2.65);
p = 0.005), as well as the codominant model (AC vs. CC: median (IQR) = 1.80 (1.17-2.65) vs.
2.55 (2.18-2.88); p = 0.006). The graphical representation of those associations can be found
on Figure 9gi.

Similarly, we observed that after 6 months of anti-TNF treatment the rs7975232 AC
genotype was more frequently seen in patients with remission: with BASDAI equal to or
lower than 2 (Figure 10). The statistically significant associations were observed within
over-dominant model (AA + CC vs. AC: 15/55 (27.3%) vs. 29/49 (59.2%); p = 0.001) and
codominant model (AC vs. CC:29/49 (59.2%) vs. 5/29 (17.2%); p < 0.001). Additionally, the
presence of the A allele was more common in individuals having BASDAI of 2 or less under
the recessive model (AA + AC vs. CC: 39/75 (52%) vs. 5/29 (17.2%); p = 0.002). Importantly,
no such observation was made after 3 months of the therapy or prior to anti-TNF treatment
(when the BASDAI scores were high and above 4 for all patients).
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Figure 9. Relationships between and BASDAI scores and VDR 1s7975232 genotypes at different
time points: (a—c) prior to anti-TNF therapy, (d—f) after 3 months, and (g—i) after 6 months of the
treatment. The following statistically significant association was found at day 0: (a) AA vs. AC,
p =0.030. Meanwhile, after 6 months into the treatment, the below relations were found: (g) AC
vs. CC, p =0.006; (h) AA + ACvs. CC, p =0.026; and (i) AA + CC vs. AC, p = 0.005. Analysis was
performed using unpaired two-sample Wilcoxon test.
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Figure 10. Relationships between VDR rs7975232 genetic variants and percent of patients achieving
remission (BASDAI equal to or lower than 2 after (a—c) 3 months and (d—f) 6 months into the anti-TNF
treatment. Prior to the therapy, BASDAI scores were above 4 for all the patients; therefore, this time
point was not included in the current analysis. The following statistically significant associations
were found after 6 months of the therapy: (d) AC vs. CC, p < 0.001, OR(95%CI) = 6.96 (2.30 to 18.52);
(e) AA + AC vs. CC, p = 0.002, OR(95%CI) = 5.20 (1.75 to 13.4); and (f) AA + CC vs. AC, p =0.001,
OR(95%CI) = 0.26 (0.11 to 0.60). Analysis was performed using Fisher’s exact test.
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The VDR rs7975232 A allele was further related to improvement in BASDAI after
6 months of anti-TNF treatment under the recessive model (AA + AC vs. CC: 30/75 (40%)
vs. 4/29 (13.8%); p = 0.011). Furthermore, the over-dominant model (AA + CC vs. AC:
11/55 (20%) vs. 23/49 (46.9%); p = 0.006) and codominant model (AC vs. CC: 23/49 (46.9%)
vs. 4/29 (13.8%); p = 0.003) showed that AC genotype was related to BASDAI improvement
of >75%. The above-described associations are depicted on Figure 11.
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Figure 11. Relationships between VDR rs7975232 genetic variants and percent of patients with
BASDAI improvement >75% after (a—c) 3 months and (d—f) 6 months into the anti-TNF treatment.
The following statistically significant associations were found after 6 months of the therapy: (d) AC vs.
CC, p =0.003, OR(95%CI) = 5.53 (1.67 to 16.2); (e) AA + AC vs. CC, p = 0.011, OR(95%CI) = 4.17 (1.40
to 11.9); and (f) AA + CC vs. AC, p = 0.006, OR(95%CI) = 0.28 (0.12 to 0.65). Analysis was performed
using Fisher’s exact test.

It is of note that the statistical analysis did not reveal any significant correlations
between the visual analogue scale (VAS) score and the presence of any of the VDR poly-
morphic variants. This did not change regardless of the time point studied.

Main results of the performed analysis concerning CRP, ESR, VAS, and BASDAI,
including those that turned out to not be statistically significant, are shown in Supplemen-
tary Tables.

3.5. VDR Polymorphisms and Other Symptoms

None of the VDR polymorphic variants analyzed in the experiment were found to
be related with extra-articular manifestations, such as uveitis, enthesitis, psoriasis, or
inflammatory bowel disease (IBD).

4. Discussion

Axial spondyloarthritis (axSpA) is a chronic inflammatory disease that mainly affects
the axial skeleton. The term axSpA covers both patients who have already developed
structural damage in the sacroiliac joints or spine visible on radiographs (radiographic
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axSpA, also termed ankylosing spondylitis (AS) and patients without such structural
damage, labelled as non-radiographic axSpA [31]. The disease typically starts in young
people, average age of onset ranges from 25 to 28 years. Diagnosis of the disease is still not
ideal, with the mean diagnostic delay ranged from approximately 4 to 12 years. In addition
to physical pain, the delay in treatment also leads to psychological suffering, such as distress
or depression [32]. Treatment of axSpA also needs optimization and improvements. Up to
40% of patients treated with biological disease-modifying antirheumatic drugs (hDMARDs:
tumor necrosis factor o inhibitors (TNFi) and the monoclonal antibodies against interleukin
(IL)-17A) experience failure [33]. These aspects highlight the need for further research
on axSpA.

Patients with AS, as in other autoimmune diseases, appear to have lower vitamin D
levels than healthy controls; however, the cause is unclear. There emerged some suggestions
in the literature that systemic inflammation may lower circulating levels of vitamin D [7].

In experimental models, 1,25(0OH)2D downregulates the immune responses medi-
ated by Th-1 cells, thus inhibiting the production of pro-inflammatory cytokines, such
as Interferon-y (IFN-y), IL-2, IL-6, IL-17A, IL-17F, 1L-22, IL-23, and TNF-« [34,35]. On
the contrary, Th-2 cytokines, such as IL-4, IL-5, and anti-inflammatory cytokines IL-10
and transforming growth factor 3 (TGF[3), are promoted [34,36]. As a result, the shift of
an inflammatory to a more tolerant immune status is promoted, which may explain the
protective effects of vitamin D against autoimmune diseases [37]. However, despite the
beneficial effects of 1,25(OH)2D supplementation in experimental autoimmune models,
the application of vitamin D derivatives in clinical practice is currently limited to topical
use for the treatment of psoriasis. The systemic use of vitamin D in the treatment of other
autoimmune diseases is still under investigation [38].

Data from the literature on the effect of vitamin D receptor (VDR) gene polymorphisms
on axSpA patients are small and mainly concern the incidence of AS. That is why in our
current study we aimed to assess the relationship of four VDR polymorphisms: rs2228570
(Fokl), rs1544410 (Bsml), rs7975232 (Apal), and rs731236 (Iaql) with axSpA incidence, activity,
treatment efficacy, and extra-articular symptoms in the Caucasian population. Even though
no associations were identified between any of the studied polymorphisms and disease
susceptibility, we found higher prevalence for the rs731236 CT genotype among female
patients compared to males. Sex hormones influence the course of autoimmune diseases
and SpAs is known to occur more frequently in men. In axSpA male sex is associated
with greater spinal radiographic progression. Men are also more likely to have greater
syndesmophyte formation. On the contrary, women tend to have greater enthesitis and
experience more dactylitis [39]. In patients with AS, the different activation of the immune
system, particularly Th17 axis, supports a distinct sexual dimorphism since males but not
females show higher frequency of IL-17A and Th17 cells [40]. Estrogen-mediated effects
on immune response may favor a Thl profile or a Th2 profile, depending on hormone
concentration. Moreover, estrogen has been demonstrated to enhance vitamin D function
favoring its accumulation and increasing the expression of VDR. This may result in a more
potent anti-inflammatory response in females than males. On the contrary, vitamin D has
been shown to downregulate the expression of aromatase in immune cells, which converts
testosterone to estrogen, leading to a decrease in estrogen level [41].

Pimenta et al. [42], who also studied Caucasians, similarly did not find any correlations
with axSpA susceptibility and of the VDR gene polymorphisms: rs2228570, rs731236, and
rs7975232. In turn, in southern Brazil—where the population is classified as mixed ethnicity
with predominantly European origin—a group of SpA patients with AS and psoriatic
arthritis was evaluated [43]. The rs7975232 CC and the rs2228570 CC genotypes were a risk
factor for SpA and AS in males. Additionally, the rs731236 CC genotype and the rs7975232
AC genotype were important risk factors for developing lumbar spine pathologies in the
general population [44].

As for other populations, group of Cai et al. [45] assessed the incidence of AS in a
large number of individuals of Chinese origin. Among the four polymorphisms studied
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(rs1544410, rs2228570, rs731236, and rs7975232), the rs731236 G allele was shown to be
statistically more frequent in AS patients in comparison to healthy controls. In addition,
a correlation with AS morbidity was noted for the haplotypes rs731236 and rs1544410.
Haplotypes AC and GT were found to play protective and risk roles, respectively [45].
However, the data were not confirmed in a study of the Asian population by Zhang
et al. [46]. In that latter study, the only statistically significant relationship concerned the
rs11168266-1s11168267 haplotype TG and disease susceptibility.

The data regarding the correlation of vitamin D levels with ESR, CRP, and BASDAI
scores are conflicting [7]. In the study presented here, we found some correlations of VDR
polymorphisms with disease activity and treatment efficacy. In particular, the baseline
BASDAI values were lower in rs2228570 TT homozygotes compared to the C allele carriers
(p = 0.036). Furthermore, a lower BASDAI score was observed in individuals with the
rs7975232 C allele in comparison to the AA homozygotes (p = 0.029). We also found that
the rs7975232 genetic variants were related to BASDAI values after 6 months of anti-TNF
treatment.

Pimenta et al. [42] assessed axSpA patients using BASDAI, Bath Ankylosing Spondyli-
tis Functional Index (BASFI), Bath Ankylosing Spondylitis Metrology Index (BASMI),
muscle physical properties (stiffness, tone, elasticity), muscle strength, muscle mass, and
muscle performance measured by 60 s sit-to-stand test (ST60) and gait speed. The only
significant correlation that they found concerned VDR rs2228570 and reduced muscle
performance measured by gait speed in the group of patients compared to controls.

Another team of scientists [47] described an association between VDR rs2228570 SNP
and bone mineral density in AS patients. Here, higher CRP values were described for the
rs2228570 CC genotype. The authors also mentioned a correlation with ESR levels but did
not indicate the relevant genotype. Inflammatory activity was explained by a reduction in
TNF-o mRNA and protein expression in vitro.

Regarding mentioned indicators of inflammation, our current study showed an im-
provement in CRP after 3 months of anti-TNF therapy in rs2228570 T allele carriers com-
pared to the CC homozygotes (p = 0.002). When 6 months of the treatment passed, CRP
improvement was related to the rs1544410 AA genotype in comparison to the G allele
(p =0.027), as well as with the rs731236 CC genotype compared to the T allele carriers
(p = 0.047).

For other inflammatory joint disease-rheumatoid arthritis (RA)-the GG genotype of
the VDR rs1544410 polymorphism was found to be associated with less severe disease in
one study [14], and the second study highlighted higher activity for the GG and the AG
rs1544410 genotypes [48].

Rs2228570 polymorphism was associated with better clinical activity measured by
BASDAI score in PsA patients [43]. Published data on axSpA treatment efficacy related to
polymorphisms of other genes but not VDR.

Biological effects of proinflammatory TNF include activation of other cells (macrophages,
T-cells, B-cells), inflammatory cytokine production (IL-1, IL-6), expression of adhesion
molecule (ICAM-1, E-selectin), inhibition of regulatory T-cells, matrix metalloproteinase
production and induction of apoptosis [49]. An interesting effect of vitamin D was described
by Dankers et al. [38]. Adding increasing dosages of 1,25(OH)2D augments the effects
of anti-TNF etanercept. Combining 1,25(0OH)2D and dexamethasone with etanercept has
additive effects compared with etanercept alone. Binding and neutralizing activities against
soluble TNF-x (sTNF) are the critical and common mechanisms of action of anti-TNF agents.
On the contrary, studies have demonstrated that these agents have additional biological
effects against precursor form transmembrane TNF-« (tmTNF)-and Fc receptor-expressing
cells [50]. Vitamin D appears to have an anti-inflammatory effect, as do anti-TNF drugs.
In a cytokine-dependent network, vitamin D receptor polymorphisms may enhance the
anti-inflammatory properties of the drugs, as reflected in the treatment efficacy described
in our study.
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Lastly, the limitations of our current study should be noted. Genetic studies require a
large number of patients: 100 individuals may not be enough to find some polymorphisms’
relationships, especially those that occur rarely. In order to increase the study group, we
counted subjects with AS and non-radiographic axSpA together. In our study, Caucasian
people were described; therefore, the results may differ according to ethnic differences.
New insights into the genetics of axSpA were possible by analysis of disease activity based
on clinical as well as laboratory features. Several examinations during treatment follow-up
allowed us to analyze anti-TNF treatment effectiveness, which is a new perspective in
axSpA genetics research.

5. Conclusions

VDR SNPs were found to relate to CRP and BASDALI values at different time points of
anti-TNF therapy.
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Received: & January 29, 2022 Axial spondyloarthropathies lead to restricted mobility, resulting in difficulties
in patients’ daily functioning. Due to the lack of a pathognomonic test, diagnosis is

Published: E2 February 16, 2022 based on a combination of physical examination, laboratory test and imaging results.

In therapy the question arises: which treatment line should be chosen? The aim of
this article is to discuss the current state of knowledge regarding the role of genes

Citation: Bartosz Bugaj, Katarzyna Bo- in disease susceptibility. We also present potential genetic markers related to disease
gunia-Kubik, Jerzy Swierkot. Genetic Re- activity, the occurrence of extra-articular symptoms and treatment efficacy. The
search in Axial Spondyloarthropathies - pathogenesis of the most common ankylosing spondylitis is not fully understood, and
What Do We Know?. Biomed ] Sci & Tech genetic predisposition is of great importance. To date, except HLA-B27, more than 100
Res 42(1)-2022. BJSTR. MS.ID.006680. non-MHC loci have been discovered. The results of analyses of genetic polymorphisms

are encouraging in predicting disease activity. Moreover, variants associated with the
treatment efficacy of both classical disease-modifying drugs and biologics were also
found. Discovering genetic factors will enable us to understand the pathogenesis.
Genetic patient profiling can improve the diagnosis and identify persons at risk of
severe disease. Single-nucleotide polymorphisms have the potential to be genetic
markers of the effectiveness of therapy. This knowledge may be a key factor in the
revolution in medicine - treatment personalization.
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Abbreviations: AS: Ankylosing Spondylitis; axSpA : Axial Spondyloarthropathy;
bDMARD: biological Disease-Modifying Antirheumatic Drug; CD: Crohn’s Disease;
CNV : Copy Number Variant; CYP: Cytochrome P-450; ERAP: Endoplasmic Reticulum
Aminopeptidase; HLA: Human Leukocyte Antigen; IBD: Inflammatory Bowel Disease
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Spa: Spondyloarthropathy; TNFa: Tumor Necrosis Factor Alpha; TNFRSF: Tumour
Necrosis Factor Receptor; UC: Ulcerative Colitis

Introduction

Soondvl 0 h SoA ‘4 N of the eye between the retina and the sclera (uveitis), psoriasis and
ondyloarthropathies s) are a group of diseases that
poncy p (SpAs) sroup inflammatory bowel diseases. The onset of the disease is difficult
are characterized by arthritis in the spine and peripheral joints. . . .
to observe. Due to the lack of a pathognomonic test, diagnosis
Apart from ailments from the osteoarticular system, there are also . L . L
is based on a combination of physical examination, laboratory
nonarticular symptoms, including inflammation of the middle layer . ) . .
test and imaging results. The pathogenesis of SpAs is not fully
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understood, and genetic, environmental and immunological factors
are assumed to play a role [1]. Despite numerous studies, we are
not able to predict the course of the disease or the occurrence of
extra-articular symptoms. The lack or loss of subsequent drug
effectiveness observed in some patients is also a problem. Axial
SpA (axSpA) usually starts before 45 years of age. Progressive
disease leads to restricted mobility, resulting in difficulties in daily
functioning of the patient or even disability. AXSpA is associated
with a burden in terms of physical function, mood disturbance, work
impact and quality of life impairment [2]. It was recognized that
there is often a period where classic signs and symptoms of axial
inflammatory disease are present in the absence of radiographic
changes in the sacroiliac joints fulfilling the criteria for ankylosing
spondylitis (AS); this period was subsequently given the name non-
radiographic axSpA [3].

The average delay between the onset of symptoms and the
diagnosis of axSpA is estimated to be 5 to 7 years in the United
States. Several factors may contribute to the delay in diagnosis,
including the high prevalence of back pain (most commonly due
to mechanical aetiologies) in the general population. The lack
of specific physical examination findings in patients with early
axSpA and the absence of extra-spinal manifestations have been
reported to impair early diagnosis. The lack of biomarkers unique
to axSpA, younger age at onset, and gradual disease onset may also
contribute to delayed referral for evaluation by a rheumatologist
[4]. The first-line drugs are nonsteroidal anti-inflammatory
drugs (NSAIDs). In the case of long-lasting high-activity disease,
continuous use of NSAIDs is recommended, and in the case of
stable disease, NSAID use is recommended, if necessary, as when
pain occurs (an on-demand strategy). In patients with peripheral
arthritis, the inclusion of sulfasalazine may be considered.
Glucocorticosteroids are acceptable but only for joint injections.
In the second stage, biological disease-modifying antirheumatic
drugs (bDMARDs) are used if standard treatment is not effective.
An important role is played by rehabilitation, which prevents
the stiffening of spinal column tissues and peripheral joints.
Unfortunately, treatment is problematic in some patients. Many
patients cannot take medications due to increased risks for adverse
events. Approximately one-third of patients treated with anti-TNFs
will have an inadequate response or lose responsiveness to these
drugs over time, and in many patients, this may be the result of the

development of antidrug antibodies [5].

A key clinical question in AS is whether to start treatment with
a TNF inhibitor (infliximab, etanercept, adalimumab, certolizumab,
golimumab, and their biosimilars), an IL-17 inhibitor (secukinumab
and ixekizumab), or a targeted synthetic DMARD (such as
tofacitinib). Another question is when to discontinue therapy [6,7].
The purpose of this study was to describe the genetic basis of axSpA

and to present potential genetic markers of severe disease, extra-
articular symptoms and response to treatment. We focused on the
most common SpA - AS.

Pathogenesis

The pathogenesisof ASisnotfullyunderstood. Therole of genetic
factors, intestinal/skin barrier disorders, and infectious factors,
which, with the participation of environmental factors (mechanical
stress), lead to the development of inflammation, is emphasized.
Among immunological disorders associated with pathogenesis, the
most interesting are two pathways in the inflammatory responses,
probably located at the end of the immune response hierarchy, the
tumour necrosis factor alpha axis (TNFa) and the interleukin-23/
interleukin-17 axis (IL-23/IL-17). How the TNFa and IL-17
pathways are connected and whether there is a hierarchical order
between the two are not clear [8]. Further understanding of the
cellular and molecular regulatory mechanisms of the IL-23/IL-17
axis and other inflammatory cytokines may provide a promising
strategy in SpA treatment [9].

The Role of Genetics in AS Pathogenesis

Accumulating evidence has suggested that AS is highly
heritable. Human leukocyte antigen (HLA)-B27 is one genetic
factor with a convincing association with AS, and HLA-B27 was
reported to be present in 94,3% of patients. However, twin and
family studies suggest that HLA-B27 can explain only less than 30%
of the overall risk for AS, meaning that there are other genes related
to the genetic disorder of AS. Several theories have been proposed
explaining the role of HLA-B27 in the pathogenesis of axSpA. The
three most prominent, not mutually exclusive theories are the
“arthritogenic peptide hypothesis”, “
hypothesis” and the “HLA-B27 misfolding hypothesis”. As a result
of HLA-B27 molecule interactions with leukocytes or by inducing

the heavy chain homodimer

cellular stress, autoimmune processes are activated, including
the IL-23/IL-17 pathway. Recently, scholars have also aimed to
investigate other inflammatory biomarkers for AS, including
interleukin IL-8, TNFq, C-reactive protein (hsCRP) and C-C motif
chemokine 11 (CCL11), but studies that have focused on genetic
biomarkers are limited [10,11]. Nevertheless, more than 100 non-
major histocompatibility complex (MHC) loci have been identified
at genome-wide significance levels, either in studies of AS alone
or in subset-based meta-analysis of related diseases. This level of
significance is considered robust, and most of the loci have cross-
support between studies. The loci can be divided into the following
categories: cytokines and cytokine receptors, mucosal immunity
factors, M1-aminopeptidases, transcription factors and intergenic
regions. Considering cytokines and cytokine factors, these loci can
be divided largely into either IL-23 pathway or TNF pathway genes.
There is a lack of large-scale pharmacogenomic studies in AS [12].
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HLA-B27 Genetic Diversity and Its Relationship to AS

HLA represent a group of highly polymorphic genes that
reside in the major MHC which is located within the 6p21.3 region
on the short arm of chromosome 6 and encodes many of the
proteins of the immune system. These include HLA-class I genes
that are codominantly expressed on the cell surface presenting
intracellularly derived peptides to CD8 positive T cells. HLA-B27
belongs to a family of closely related cell surface proteins encoded
in the HLA-Blocus. Many of the mutations are located within introns
and thus are silent or occur in exons but do not cause amino acid
changes. Therefore, at the translated protein level, there are over
150 known subtypes of HLA-B27 based on one or more amino acid
sequence differences [13]. Sometimes the differences may concern
only 1 amino acid, e.g.,, HLA-B27:04 varies from HLA-B27:05 only
at position 152 (Val to Glu) [14]. Different subtypes of HLA-B27
are distributed unevenly worldwide and with different strengths
of association with AS disease. The most frequent subtype is
HLA-B27:05, which is found in all races and ethnicities. Data about
the association of HLA-B27 subtypes with disease risk suggest that
HLA-B27:05, HLA-B27:04 and HLA-B27:02 are strongly associated,
but HLA-B27:06 and HLA-B27:09 are not (or weakly) associated,
with AS. The relationship between HLA-B27 polymorphisms and the
clinical characteristics of AS patients has also been demonstrated
by some investigations, but the reports are conflicting [14]. On the
other hand, it is worth highlighting that HLA-B27 has a protective
role in HIV and HCV infections. The association among HLA-B27
homozygosity, AS risk and its clinical characteristics has also
been investigated. Homozygosity increases AS risk but does not
affect clinical symptoms [14]. Recently, Wu et al. concluded that
HLA-B27 heterozygotes (HLA-B27/B46) had more peripheral joint
involvement among all HLA-B27(+) AS Chinese patients [15].

AS - A Hereditary Disease

It has long been known that AS runs strongly in families, with
the risk of disease in first-degree relatives of AS patients being
>52 times that of unrelated subjects. The recurrence risk for AS
in monozygotic twins is 63%, in first-degree relatives is 8,2% and
in second-degree relatives is 1,0%. The parent-child recurrence
risk is 7,9%, and the sibling-sibling recurrence risk is 8,2%. HLA-
B27-positive first-degree relatives of AS patients are 5,6-16 times
more likely to develop disease themselves than HLA-B27-positive
carriers in the general community [16]. Even though HLA-B27 plays
an undisputedly critical role in disease pathogenesis, estimates
suggest that it accounts for only 20-25% of the total heritability
and 40% of the genetic risk. Fewer than 5% of HLA-B27 carriers in
the general population develop disease. Each of the non-HLA-B27
gene SNPs individually confers a small amount of risk, with odds
ratios <1,65 [17] (Table 1). All non-MHC loci contribute another

~10% of AS heritability [18]. The question arises - What about the
rest? To summarize, in AS, only up to 30% of the heritability has
been elucidated. One reason for this shortfall is the requirement
for large sample sizes (in the tens of thousands or higher) for the
discovery of genes that have a small impact on overall susceptibility
(associations with disease with an odds ratio of 1,1 or less). Other
sources of genetic contribution are rare variants, the discovery
of which will require extensive resequencing studies. Small
gene copy number variants (CNVs) and insertions/deletions are
extremely difficult to genotype using current high-throughput
array technology (which is optimized for SNP genotyping) and thus
remain a potential source of missing heritability. Epigenetic factors,
such as differences in methylation patterns, might also have a role
in conferring susceptibility, but the heritability of such influences

is minor.

Finally, epistasis (gene-gene interaction) is an area of recent
investigation. Heritability estimates such as the one mentioned
above are calculated from models of pathogenesis that allow
for only additive effects, that is, in the absence of gene-gene
interactions. Validation studies that use multi-marker, as opposed
to single-marker, analyses in independent cohorts are reported to
have an improved capacity for risk prediction; such studies are the
focus of ongoing investigations as the statistical methodologies are
being developed and refined [19]. (Table 1) Genes with the greatest
contribution to AS heritability [20].

Table 1: Genes with the greatest contribution to AS heritability
[20].

Gene AS heritability (%)
HLA-B27 233
ERAP1 0,34
IL2Z3R 0,31
KIF21B 0,25
RUNX3, IL1R2 0,12

Non-MHC Genetic Polymorphisms Related to AS

The discovery of AS-related genes provides insight into disease
pathogenesis and immune system function. The evidence confirms
that aberrant peptide processing before MHC class I presentation
and alterations of the IL-23 pathway are key elements in the
pathogenesis of AS. It is worth noting that some loci associated
with AS overlap with other immune-mediated diseases, such as
inflammatory bowel disease, rheumatoid arthritis or psoriasis [21].
Some of them may appear as extra-articular symptoms of AS. Some
of the most notable genetic findings from studies involving AS are
the discoveries implicating the involvement of aminopeptidases
- endoplasmic reticulum aminopeptidase 1 (ERAP1), ERAP2, and
leucyl-cysteinyl aminopeptidase (LNPEP) - and genes in both
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the TNF and IL-23 pathways. ERAP1 has the second strongest
association with AS and displays a synergistic interaction with
HLA-B27. This association is lost in HLA-B27-negative patients,
but a weaker association with ERAP2 can be seen in both HLA-
B27-negative and HLA-B27-positive patients. ERAP1 and other
aminopeptidases appear to play a significant role in trimming

peptides transported from the cytosol to the endoplasmic reticulum

to optimal length (8 or 9 amino acids) for loading on HLA class I
molecules [22,23]. There are many papers about genes associated
with AS susceptibility. Single-nucleotide polymorphisms (SNPs) of
the most important genes and their combined odds ratios (ORs) are
shown in (Table 2). Most important SNPs of non-MHC genes with
the highest AS heritability.

Table 2: Most important SNPs of non-MHC genes with the highest AS heritability.

Gene SNP Allele OR Literature
rs30187 T 1,11-1,5 21; 24; 25; 26; 27; 28; 29
rs27044 G 1,23-1,6 24; 26; 27; 28; 29
rs10050860 C 1,18-1,45 25
rs27037 A 1,23-1,36 27;29
ERAP1 rs27434 A 1,19-1,33 27% 29
rs10045403 A 1,18-1,20 25
rs17482078 T 0,52-0,73 24;26; 27; 29
rs2287987 C 0,35-0,71 24;26; 27; 29
rs10050860 T 0,39-0,72 24;26;27; 29
rs11209026 G 1,61-1,65 25
rs1004819 A 1,19-1,3 26;27;29;30; 31
rs10889677 A 1,3 26%; 27; 29; 30%; 31*
rs11209032 A 1,16-1,3 26%;27; 29; 30; 31
rs1495965 C 1,1-1,2 26%;27;29; 30
IL23R
rs2201841 G 1,15 26%;27; 31
rs10489629 C 0,83-0,9 26%;27;29; 30
rs1343151 A 0,7-0,84 26;27;29; 30
rs11465804 G 0,67-0,69 26% 27; 29; 30; 31
rs11209026 A 0,53-0,63 26%; 27; 29; 33; 30; 31
KIF21B rs2297909 G 1,25 32
rs11249215 A 1,15 32
RUNX3
rs6600247 C 1,12-1,16 21;25
IL1R2 rs2310173 A 1,16-1,18 33

Note: OR (odds ratio) from the literature, only when it was statistically significant.

If present, the OR for all ethnicities was preferred. A single OR was enrolled when only one ethnic group had a statistically significant

OR (e.g., European).

* - p statistically insignificant in this study

Evidence for a genetic relationship with disease activity
seems to be limited. The association among AS disease activity,
function, spinal mobility and IL-17 or IL-23 is not fully understood.
The dysregulation of this pathway may lead to systemic chronic
autoimmune inflammation, causing extra-articular involvement
[24]. Moreover, inal et al. suggested that the IL-17F polymorphism
may be associated with susceptibility to AS, disease activity and
functional status in Turkish patients [25]. Another study proposed
[L-12B, IL-6R, RANKL, STAT4 and FCRL4 gene polymorphisms as
promising biomarkers for diagnosis and prognosis in AS patients

[26-40]. Other genes associated with disease activity are IL17RA
and JMY and region 2p15 [41-43]. It is worth noting that many AS
patients with high disease activity often do not show corresponding
high CRP levels. An explanation for this might be a genetic
contribution to variation in CRP levels. This observation may be
important for the interpretation of disease activity scores such as
the ASDAS, on which clinical decisions regarding drug selection
are based [44]. Further research showed that the CRP rs3091244
SNP was associated with an increased risk of AS. Moreover, it could
serve as a biomarker for a good response to etanercept treatment
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in AS [45]. More studies are needed in a larger group of patients to
confirm these results. Another important topic related to axSpA is
the occurrence of extra-articular manifestations. The most common

is anterior uveitis, which affects 25% to 35% of patients.

Studies conducted mainly in China have shown an association of
IL23R, Fox01, IFNA1, IFNA13, and CFH gene polymorphisms with
the occurrence of uveitis in patients with AS [46-49]. Other genes
with a confirmed association with uveitis in AS patients are ERAP1
and ERAP2. Research should be extended to include polymorphisms
of other uveitis-related genes to include AS patients, e.g., IL-

10, MAP4K4/IL1R2, TNFSF15, CFl, CD59, and CFH [49-54]. The
influence could be related to sex, the presence of HLA-B27 or AS
status. SNPs of genes associated with peripheral arthritis and extra-
articular symptoms in AS are shown in Table 3. We added psoriatic
arthritis to show possible similarity to another SpA. (Table 3) SNPs
of genes associated with peripheral arthritis and extra-articular
symptoms in AS. As we mentioned above, treatment is not effective
in every patient. Is it possible to find the right drug for a specific
patient to improve efficacy or reduce side effects? [55-60]. The
answer to this question can be found in genetic SNPs, resulting in
the formation of proteins with different activities.

Table 3: SNPs of genes associated with peripheral arthritis and extra-articular symptoms in AS.

Extz:ai:::f:;ﬁ; ::;::ffliit:tt;on Gene SNP Research group Literature
IL23R rs11209008 AS 55
rs10489630
Peripheral arthritis
JAK2 rs7857730 AS 55
ERAP1 rs27044/rs30187 haplotype AS 56
IL23R rs17375018 AS uveitis 46
IFNA1 rs28383797 AS uveitis 42
IFNA13 rs653778 AS uveitis 42
FoxO1 rs2297626 AS uveitis / uveitis without AS 48
rs27044
rs30187
rs1057569
AS uveitis 57
rs2287987
ERAP1 rs10050860
rs17482078
Uveitis rs30187
rs2032890 AS uveitis /AS without uveitis 58
rs10045403
rs27044/rs30187 haplotype AS 56
ERAP2 rs2248374 AS uveitis 55
11-10 rs3021097 Uveitis in general 50
TNFSF15 rs3810936 Uveitis in general 52
CFI rs7356506 Uveitis in general 53
CFI rs13104777 Uveitis in general 54
CD59 rs831626 Uveitis in general / AS uveitis 49
CFH rs1065489 Uveitis in general / AS uveitis 49
MAP4K4/IL1R2 rs7608679 Uveitis without AS 51
rs1004819
rs1343151 CD /AS 59
Crohn’s disease IL23R rs10889677
rs7517847 CDh 60
rs11209026 CD 61
rs11209026 CD/PS 62
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IL2ZR1 rs12722489 CD 63
TNFSF15 rs6478109 Ch/CU 64
ATG16L1 rs2241880 CD 61
SOCS1 rs4780355 CD/PS 62
rs1250544
ZMIZ1 rs1250559 CD/PS 62
rs1250560
TNF rs1799724 CD 65
Crohns disease (ot CD overal) | CARDE rs2013211 co 06
IL23R rs10889677 CDh/CU 67
rs11209026
IL-8 rs4073 IBD 67
IL-10 rs1800871 IBD 68
Inflammatory bowel disease rs1800872
rs1800896
IL-18 rs1946518 IBD 68
ERAP1
(only in the presence rs30187 IBD 69
of HLA-C07)
rs1004819
rs1343151
rs1495965
rs7517847
IL23R rs2201841 CU 70
rs10889677
Ulcerative colitis rs11209026
rs11209032
rs11465804
IL23R rs11209026 CU 71
IL23R rs76418789 CU 72
IL1R2 rs2310173 CU 71
IL1R2 rs10185424 CU 72
IL23R rs2201841 CD/PS 75
IL23R rs9988642 PS 73
ERAP1 rs27432 PS 73
RUNX3 rs7536201 PS 73
Psoriasis SOCS1 rs4780355 CD/PS 62
rs1250544
ZMIZ1 rs1250560 CD/PS 62
rs1250559
ZMIZ1 rs1250546 PS 73
Psoriatic arthritis TNF rs361525 PsA 74
rs1800629
rs1799724
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rs3212227
IL-12B PsA 74
rs6887695
1L23A rs2066808 PsA 74
IL23R rs11209026 PsA 74
rs26653
ERAP1 PsA 75
rs27044
RUNX3 rs7536201 PsA 75
rs1848186
rs4649038
RUNX3 rs4648890 PsA 76
rs10903122
rs11249215

Note: CD - Crohn’s disease
UC - Ulcerative colitis

PS - Psoriasis

PsA - Psoriatic arthritis

IBD - Inflammatory bowel disease (CD and UC)

Pharmacogenetics and pharmacogenomics have confirmed that
genetic polymorphisms may have an impact on drug metabolism,
drug targets, or drug receptors, resulting in interindividual
variability
demonstrated that variants in cytochrome P-450 (CYP) genes can

in drug disposition and efficacy. Studies have

result in differences in the expression and function of their relevant
encoding enzymes, thus affecting the patient’s response to drugs.
A Chinese study indicated the effect of CYP2D6*10 and CYP3A5*3
polymorphisms on the efficacy of anti-TNF etanercept treatment
for AS patients [61]. Anti-TNFa agents have been proven highly
effective in a large number of patients, but the early identification of
patients more prone to show an optimal and stable response in the
long term remains an open issue. What about the TNFa gene itself?
Scientists identified the TNFa rs1800629 and IL-6 rs1800795
promoter polymorphisms as useful genetic biomarkers of response
to TNFa blockers in a multicentre retrospective cohort of patients
with SpA by considering, as the primary outcome, the long-term
retention rate for treatment with the first TNFa blocker [62]. A
better response to anti-TNFa treatment was also confirmed in the
group of RA, PsA or AS patients [63].

Unfortunately, studyresultsarenotconsistent. The contradictory
data concern rs1800629; in China, no such relationship between
rs1800629 and response to anti-TNFa treatment has been
confirmed, in contrast to Europe [64]. Nevertheless, the results
from a meta-analysis of papers from all around the world indicate
that TNFa rs1800629, apart from rs361525, could predict the
response to etanercept much more powerfully than the response
to infliximab/adalimumab [65]. In the following year, a relationship

regarding the effectiveness of anti-TNF treatment and rs1800629
was also confirmed in Asia. The study group consisted of SpA
and inflammatory bowel disease patients [66]. Moreover, in the
Bulgarian population, TNFa rs1800629 was found to be associated
with genetic susceptibility to AS, age at onset and disease severity
[67]. AS severity dependence on the TNFa gene has been confirmed
in Norway, as a reduced risk of uveitis and better spinal function
[68].

Theinfluence oftumournecrosis factorreceptor 1A (TNFRSF1A)
and TNFRSF1B gene polymorphisms also seems to be interesting
for medicine. In a study lasting 12 months, an association with
the long-term therapeutic efficacy of etanercept was confirmed
for AS (rs1061622). Additional data indicated dependence on AS
susceptibility (rs767455) and severity measured as chest expansion
(rs1061622) [69]. In Europe, researchers evaluated various
TNF inhibitors, such as infliximab, adalimumab, etanercept, and
golimumab, and found a different polymorphism in the TNFRSF1A
gene (rs1800693) that impacted the response to anti-TNF therapy
for SpA [70]. Another genetic marker of etanercept therapy may be
the ABCB1 gene [71]. Schiotis et al. searched for pharmacogenomic
markers responsible for nonresponse to anti-TNFa agents in
previously untreated AS patients. They found an association of
nonresponse to anti-TNFa agents with the MIF gene rs755622,
IL18RAP gene rs917997, TNFRSF1B gene rs1061622, ARFGAP2
gene rs3740691 and IL-10 gene rs1800896 polymorphisms. The
strongest predictor of nonresponse to anti-TNFa agents was the
IL18RAP gene. Using a candidate SNP approach, they developed a
genetic model of nonresponse. The validation of this genetic model
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in prospective studies may lead to the design of a clinico-genetic
algorithm to initiate biological treatment [72].

Table 4: Genes and their relationship with AS susceptibility,
disease activity and treatment effectiveness.

AS Susceptibility Disease Activity E;Zi:;xzzzs
*
HLA-B27 ERAP1 Cg;fé):s,};)'
ERAP1, ERAP2, LNPEP IL17F TNF
IL23R IL12B TNFRSF1A, TNFRSF1B
KIF21B IL33 ABCB1
RUNX3 IL6R IL6
IL1R2 IL17RA IL10
IL-17F TNF IL33
IL-12B TNFRSF1B IL18RAP
IL-10 CRP CRP
IL6R P2X7R (males) NAT1/NAT2
TNF MY COX2
TNFRSF1A 2p15 MIF
CRP RANKL ARFGAP2
CARD9 STAT4
FCGR2A FCRL4
TBX21
MMP3
PTGER4
P2X7R (females)

Note: [Based on 20, 21, 22, 23, 28, 29, 31, 36, 37, 38, 39, 40, 41, 42,
43,44, 45, 46, 47,48, 56, 77,79, 80, 81, 82, 83, 84, 85, 87, 88, 89, 90,
91, 92,93, 94].

Recently growing body of evidence highlights the role of
the IL-33 signaling pathway in inflammatory arthritis, such as
AS. This cytokine functions as an alarmin, alerting the immune
system and triggering the inflammatory process. In the Caucasian
population, a significant association in the IL-33 rs16924159
genotype distribution with regard to disease activity and anti-TNF
therapy efficacy was found (89). The effect of classic DMARDs such
as sulfasalazine or NSAIDs can also be predicted using genetic
markers such as NAT1/NAT2 and COX2, respectively [73-75]. The
development of biological drugs acting on various inflammatory
cytokines raises the following question: what kind of therapy
should be used in a particular patient? What is better: anti-TNF or
anti-1L-23/IL-17 pathway drugs? Based on such genetic profiles,
clinicians can recommend appropriate treatment to patients.
Genetic research should be conducted in different populations. The
association of gene polymorphisms with AS can be worldwide or
can concern only one race. For example, ERAP1 rs27044 appeared
to be significantly correlated with AS in both Asians and Caucasians.
For ERAP1 rs30187, the findings of genotypic comparisons

supported that the association existed only in Caucasians but not
Asians [76-82]. Stratification by ethnicity identified a significant
association between some SNPs of IL-23R and AS susceptibility in
Europeans and Americans but not in Asians [83-94]. The authors
of many studies emphasize the need for further research in other
countries. (Table 4) shows the most important genes and their
association with AS. (Table 4) Genes and their relationship with AS

susceptibility, disease activity and treatment effectiveness.
Conclusion

AxSpA affects young and economically and socially active
people. We are currently unable to predict the course of disease or
the presence of extra-articular symptoms. Which patients are at risk
of complications? Which patients are at risk of adverse reactions to
treatment? Due to the risk of disability, it is advisable to include
appropriate treatment quickly. Genetic markers could improve the
diagnosis of this disease. Early identification of patients at risk of a
severe course of the disease or extra-articular symptom occurrence
would enable early intensification of the therapy. In addition,
understanding the expression of genes involved in the pathogenesis
of the disease will allow new types of drugs to be developed e.g.
maybe the IL-33 blockers will be effective? Currently, new biological
drugs are being developed. These drugs act on different factors
within the inflammatory pathway. Which treatment line should be
chosen first? In the case of ineffectiveness, which drug should be
chosen as the second- and third-line therapies? Which patients will
be non-responders? There are many questions concerning therapy.
The real revolution in medicine is yet to come. Scientific studies of
many genes, their haplotypes and mutual interactions may allow
the creation of a genetic model that predicts disease activity, the
risk of extra-articular symptom occurrence or treatment response
status with increasing effectiveness and minimizing side effects.

Suchstudiesneedtobecarried outindifferentregionsoftheworld
to exclude racial differences. Patient genetic profile determination
will allow new guidelines to be developed. Knowledge regarding
the genetic markers of potential ineffectiveness of therapy and the
risk of side effects may be key factors in the process of choosing the
right medicine, thus personalizing treatment. Gene SNPs have the
potential to be genetic markers of the effectiveness of therapy. This
will result in better and faster treatment outcomes and will allow
patients to remain physically active, improve patient quality of life
or even extend patient lifespans The future is promising.
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8. Charakterystyka publikacji

Niniejsza rozprawa doktorska sklada sie z cyklu trzech publikacji. Pierwsze dwie —
— [publikacjal] oraz [publikacja2] — to oryginalne prace, ktérych celem byta analiza polimorfizméw
pojedynczego nukleotydu (SNP, ang. single nucleotide polymorphism) genéw poza uktadem MHC
pod katem zachorowalnosSci, aktywnosci choroby, wystepowania objawow pozastawowych
oraz skuteczno$ci leczenia anty-TNF. Do badan wybrano lacznie dziesie¢ SNP. Sze$¢ opisano
w pierwsze]j publikacji [publikacjal], a cztery w drugiej [publikacja2]. Liste wykorzystanych SNP
przedstawiono w tabeli 1.

Tabela 1. Polimorfizmy pojedynczego nukleotydu (SNP) objete badaniem.

Gen SNP Publikacja
ERAP1 rs2287987
ERAP2 1s2549782
FCGR2A rs1801274 [publikacjal]
TNF rs1800629
TNFRSF1A 1s767455
TNFRSF1B rs1061622
1s7975232
VDR rs1544410 [publikacja?]
12228570
rs731236

ERAP1, aminopeptydaza siateczki endoplazmatycznej-1 (ang. endoplasmic reticulum
aminopeptidase-1); ERAP2, aminopeptydaza siateczki endoplazmatycznej-2 (ang. endoplasmic
reticulum aminopeptidase-2); FCGR2A, receptor 2A dla fragmentu Fc immunoglobuliny G (ang.
Fc gamma receptor Ila); SNP, polimorfizm pojedynczego nukleotydu (ang. single nucleotide
polymorphism); TNF, czynnik martwicy nowotworu (ang. tumour necrosis factor); TNFRSF1A,
receptor nadrodziny czynnika martwicy nowotworéw 1A (ang. TNF receptor superfamily member
1A); TNFRSF1B, receptor nadrodziny czynnika martwicy nowotworéw 1B (ang. TNF receptor
superfamily member 1B); VDR, receptor witaminy D (ang. vitamin D receptor).

Trzecia publikacje [publikacja3] stanowi artykul przegladowy przedstawiajacy aktualny stan
wiedzy na temat roli genow w patogenezie axSpA ze szczegdlnym uwzglednieniem ZZSK. Literature
wyszukano w serwisie PubMed (dostep: https://pubmed.ncbi.nlm.nih.gov/), wykorzystano artykuty
oryginalne i przegladowe. Opisano polimorfizmy genetyczne zwigzane z zachorowalnoscig.
Omoéwiono rowniez potencjalne markery genetyczne agresywnego przebiegu choroby, wystepowania
objawow pozastawowych oraz skutecznosci leczenia.

9. Materialy i metodyka badawcza
9.1. Populacja badana

Badaniem zostali objeci pacjenci Kliniki Reumatologii i Choréb Wewnetrznych Uniwersytetu
Medycznego we Wroclawiu. Grupa badana w przypadku obu publikacji oryginalnych byta taka sama
— skladata sie ze 106. chorych: 86. z rozpoznanym zesztywniajagcym zapaleniem stawow kregoshupa
wg zmodyfikowanych kryteriow nowojorskich [31] oraz 20. z rozpoznaniem nr-axSpA wg kryteriow
ASAS [34]. Grupe kontrolng stanowito 110. zdrowych os6b bez obcigzenia chorobga reumatyczng
z Regionalnego Centrum Krwiodawstwa i Krwiolecznictwa we Wroclawiu. Czlonkéw obu grup
dopasowano pod wzgledem pici i wieku. Badanie uzyskalo zgode Komisji Bioetycznej
przy Uniwersytecie Medycznym we Wroctawiu.
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Zebrano dane kliniczne takie jak wiek, pte¢, wskaznik masy ciata (BMI), wiek zachorowania,
obecno$¢ HLA-B27, wystepowanie zapalenia stawéw obwodowych, czy farmakoterapia axSpA.
Opisano wystepowanie nastepujacych objawow pozastawowych: zapalenie blony naczyniowej oka
(uveitis), zapalenie przyczepéw Sciegnistych (enthesitis), tuszczyca oraz nieswoiste zapalenia jelit
(IBD), rozumiane jako choroba Lesniowskiego-Crohna lub wrzodziejace zapalenie jelita grubego.
Kryteriami wykluczajacymi byly niepeinoletnos¢, choroba nowotworowa, cigza lub karmienie piersia,
zaostrzenie choroby przewlektej lub niewydolnos¢ narzadowa, uposledzenie umystowe,
naduzywanie alkoholu lub narkotykdw.

9.2. Pobieranie materiatu i genotypowanie

Obserwacja zaczela sie w momencie rozpoczecia leczenia biologicznego anty-TNF,
po stwierdzeniu nieskuteczno$ci leczenia pierwszego stopnia, tj. dwoch lekow z grupy NLPZ
lub gdy istnialy przeciwwskazania do takiego leczenia. Oznaczono nastepujace parametry
laboratoryjne: CRP i OB, morfologia, kreatynina, aminotransferaza alaninowa i asparaginianowa.
Aktywno$¢ choroby oceniono za pomoca Bath Ankylosing Spondylitis Disease Activity Index
(BASDALI, zakres 0-10) [52], a b6l plecéw przy uzyciu wizualnej skali analogowej (VAS, ang. Visual
Analogue Scale, zakres 0-100 mm). U wszystkich pacjentow poczatkowa aktywnos$¢ axSpA byla
wysoka (BASDALI > 4). Wlaczono jeden z ponizszych lekéw anty-TNF: adalimumab, certolizumab,
etanercept, golimumab lub infliksymab. Prébki biologiczne byly pobierane trzykrotnie: przed
rozpoczecia leczenia biologicznego anty-TNF (dzien 0) oraz w trakcie trwania terapii — po dwunastu
i dwudziestu czterech tygodniach (£ cztery tygodnie), kiedy oceniono skutecznos$c leczenia.

Probki krwi pelnej zbierano do probowek z kwasem etylenodiaminotetraoctowym (EDTA)
BD Vacutainer® (Becton, Dickinson and Company, Franklin Lakes, NJ, USA), a nastepnie
przechowywano zamrozone w temperaturze -20°C w celu p6zZniejszej ekstrakcji kwasu nukleinowego.
Analizy genetyczne wykonano w Laboratorium Immunogenetyki Klinicznej i Farmakogenetyki
Instytutu Immunologii i Terapii Doswiadczalnej im. Ludwika Hirszfelda, Polskiej Akademii Nauk
we Wroclawiu. Przed kolejnym etapem badan prébki rozmrozono do temperatury pokojowej.
DNA wyizolowano przy uzyciu QIAamp DNA Blood Kit (Qiagen, Hilden, Niemcy) zgodnie
z protokotem producenta. Wystepowanie wariantéw polimorficznych wykryto metoda tanicuchowej
reakcji polimerazy w czasie rzeczywistym (Real Time-PCR, ang. polymerase chain reaction in real
time) z wykorzystaniem specyficznych sond LightSNiP (TIB MOLBIOL, Berlin, Niemcy)
na aparacie LightCycler 480 II Real-Time PCR Instrument (Roche Diagnostics GmbH, Bazylea,
Szwajcaria). Genotypowanie SNP przeprowadzono zgodnie z instrukcjami producenta. Analiza
krzywej topnienia pozwolila na wizualne odréznienie alleli typu dzikiego i wariantéw alleli, a takze
heterozygot.

9.3. Analiza statystyczna

Rozklad zmiennych ciaglych sprawdzono pod katem normalnosci testem Shapiro-Wilka.
Do poréwnania genotypow i czestotliwoSci wystepowania alleli w grupach pacjentéw i kontrolnej
wykorzystano test chi-kwadrat lub dokladny test Fishera. W pierwszej publikacji uzyto
nieparametrycznego testu Kruskala-Wallisa, a nastepnie niesparowanego dwuprobkowego testu
Wilcoxona, w celu okresSlenia zwigzkdw miedzy wariantami genetycznymi a parametrami
klinicznymi. W drugiej skorzystano z niesparowanego dwuprobkowego testu Wilcoxona.
Aby przeanalizowac zaleznosci miedzy danymi kategorycznymi i genotypami zastosowano dokladny
test Fishera.

Do opisu zaleznosci w obrebie badanych SNP wykorzystano modele genetyczne. Genotypy
oznaczono jako homozygote allelu dominujacego (AA), heterozygote (Aa) i homozygote allelu
recesywnego (aa). Model dominujacy (ang. dominant) por6wnywat AA versus (vs) Aa + aa, natomiast
model recesywny (ang. recessive) AA + Aa vs aa. Model naddominujacy (ang. over-dominant)
okreslono jako AA + aa vs Aa. Poréwnania miedzy AA i Aa oraz aa zostaly wlaczone do modelu
kodominujgcego (ang. codominant).

Réwnowage Hardy'ego-Weinberga oceniono przy uzyciu Microsoft Excel 2019.
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Wartos¢ prawdopodobienstwa (p) mniejsza niz 0,05 (p < 0,05) zostala uznana za istotng
statystycznie. W pierwszej publikacji zastosowano takze poprawke Bonferroniego, aby dostosowac
istotnos¢ p po teScie Manna-Whitneya.

Analiza statystyczna zostata przeprowadzona przy uzyciu programu R software version 4.0.3
i GraphPad Prism 7 dla Windows.

10. Przedstawienie wynikéw badan

Czestotliwosc¢ genotypow i alleli nie réznita sie miedzy populacjq badang a grupa kontrolna.
Wartos$¢ p = 0,06 w przypadku polimorfizmu TNF rs1800629 zachecita do doktadniejszej analizy.
W grupie mezczyzn czesciej wystepowat genotyp TNF rs1800629 GG (GG vs GA + AA, p = 0,020).
Dla polimorfizméw VDR stwierdzono czestsze wystepowanie VDR 1s731236 CT wsréd kobiet (CT
vs TT, p = 0,035 oraz CC + TT vs CT, p = 0,026).

Wsréd objawow pozastawowych zalezno$ci istotne statystycznie dotyczyly dwéch
polimorfizméw: ERAP1 152287987 i TNFRSF1B rs1061622. Genotypy przedstawiono w tabeli 2.

Tabela 2. Genotypy zwigzane z czestszym wystepowaniem objawow pozastawowych u pacjentow
cierpigcych na spondyloartropatie osiowe.

Gen SNP Genotyp Objawy Wartosc p
pozastawowe
ERAP1 rs2287987 AA enthesitis 0,049
TNFRSF1B rs1061622 GG uveitis 0,042

Enthesitis, zapalenie przyczepow Sciegnistych; uveitis, zapalenie blony naczyniowej oka; SNP,
polimorfizm pojedynczego nukleotydu (ang. single nucleotide polymorphism).

Ponadto podzielono pacjentéw na dwie grupy pod wzgledem przebiegu choroby: postac¢
osiowg i osiowo-obwodowa. PostaC osiowa czeSciej wystepowata u heterozygot TNFRSF1A
1s767455 (TC vs TT + CC, p = 0,0498). Ten fakt mozna potaczy¢ z jedyna istotng zaleznoscia
pomiedzy stosowanymi lekami a genotypami, ktora dotyczyla rzadszego przyjmowania sterydow
przez pacjentow z allelem TNFRSF1A rs767455 C (TC + CC vs TT, p = 0,003) oraz genotypem TC,
opisanym w sposob kodominujacy (TC vs TT, p = 0,003) i naddominujacy (TC vs TT + CC, p = 0,018).

Analiza danych dotyczacych aktywnosci choroby w trzech punktach kontrolnych wykazata
zalezno$ci istotne statystycznie dla nastepujacych polimorfizméw i parametrow:

I. publikacja:

a) ERAP1 152287987 — CRP przed, po dwunastu i dwudziestu czterech tygodniach leczenia;

b) TNFRSF1A 1s767455 — CRP i OB przed leczeniem;

¢) TNFRSF1B rs1061622 — BASDALI oraz wartosci VAS bdlu kregostupa przed leczeniem;

d) FCGR2A rs1801274 — OB po dwudziestu czterech tygodniach terapii.

Po zastosowaniu poprawki Bonferroniego za istotng statystycznie uznano warto$¢ p < 0,008. Tylko
zaleznoSci TNFRSF1A rs767455 dla stezenia CRP przed leczeniem, a takze TNFRSF1B rs1061622
z parametrami BASDAI i VAS przed leczeniem pozostaty istotne statystycznie.

II. publikacja:
a) VDR rs731236 — OB po dwudziestu czterech tygodniach terapii;
b) VDR 152228570 — BASDALI przed leczeniem;
¢) VDR 157975232 — BASDAI przed i po dwudziestu czterech tygodniach leczenia.

Zaleznosci przedstawiono w tabeli 3.
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Tabela 3. Genotypy zwigzane z aktywnoscia choroby przed i w trakcie leczenia inhibitorami TNF.
Punkt
Gen SNP | Genotyp | Parametr | kontrolny Model Wartosc p
(tygodnie)
AAvs AG + GG 0,012
AA tCRP 0 AA + GG vs AG 0,009
AA vs AG 0,010
AA + GG vs AG 0,018
AG LCRP 12
ERAP1 | rs2287987 AAvs AG 0,025
AAvs AG + GG 0,043
AA + GG vs AG 0,009
GG tCRP 24
AA vs AG 0,014
AG vs GG 0,048
AA + AG vs GG 0,030
FCGR2A rs1801274 AA 1OB 24
AAvs GG 0,013
TTvs TC + CC 0,009
tCRP T+CCvsTC 0,014
TNFRSFIA 1767455 | TT 0 ITvs IC 0.006%
TTvs TC + CC 0,013
1OB TT+ CCvs TC 0,020
TT vs TC 0,010
TT + TG vs GG 0,005%*
tBASDAI 0 TG vs GG 0,004*
TT vs GG 0,009
TNFRSF1B| 151061622 | GG
TT + TG vs GG 0,001*
1VAS 0 TG vs GG 0,001*
TT vs GG 0,002*
VDR | 15731236 | CC |0B 24 cevsCl 0.017
CCvsCT+TT 0,046
VDR 152228570 TT | IBASDAI 0 CTvs IT 0.032
CC+CTvsTT 0,036
0 AAvs AC 0,030
VDR |1s7975232| AC | IBASDAI 24 AA + CCvs AC 0,005
ACvs CC 0,006

* statystycznie istotna warto$¢ p po zastosowaniu poprawki Bonferroniego (p < 0,008); CRP, biatko
C-reaktywne; BASDALI, Bath Ankylosing Spondylitis Disease Activity Index; SNP, polimorfizm
pojedynczego nukleotydu (ang. single nucleotide polymorphism); VAS, wizualna skala analogowa,
dotyczy bolu kregostupa (ang. Visual Analogue Scale); vs, versus; 0, przed rozpoczeciem leczenia
anty-TNF; 24, po dwudziestu czterech tygodniach leczenia; 1, parametr zwiekszony; |, parametr
zmniejszony.

Celem dok!tadniejszej oceny skutecznosci leczenia w kréotkim i dlugim okresie czasu
przeprowadzono dodatkowaq analize aktywnosci choroby w punktach kontrolnych po dwunastu
i dwudziestu czterech tygodniach leczenia. Oceniono bezwzgledny wynik BASDAI nizszy niz trzy
(<3) i dwa (<2) oraz zmniejszenie aktywnosci choroby o ponad 50% (>50%) i 75% (>75%).
W podobny sposéb przeanalizowano wartosci CRP i OB. Odnotowano asocjacje pomiedzy poprawa
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OB o ponad 50% w obrebie polimorfizméw genéw ERAPI1, ERAP2 i TNFRSF1B. Dodatkowo
dla TNFRSF1B opisano zwigzek z oceng aktywno$ci choroby wg BASDAI. Réwniez FCGR2A
oraz jeden polimorfizm genu VDR byty zwigzane ze zmiang BASDAI podczas leczenia. Wiekszos¢
zaleznoSci dotyczyta punktu kontrolnego po dwudziestu czterech tygodniach terapii. Skuteczno$¢
leczenia przedstawiono w tabeli 4.

Tabela 4. Polimorfizmy statystycznie zwigzane ze zmiang parametréw oceniajacych aktywnosé
choroby podczas leczenia anty-TNF.

Gen SNP Genot;l/p/Alle Pur::(;gl((::llllltil;())lny Model OR Wa;tosc
Zmniejszenie OB o wiecej niz 50% (>50%)
AAvs AG + GG 2,58 0,047
ERAP1 12287987 AA 24
AA vs AG 2,75 0,026
GT + TT vs GG 2,76 0,037
ERAP2 152549782 T 24
GT vs GG 3,04 0,044
TNERSF1B G 24 TG+ GGvs TT 3,00 0,020
1s1061622 TG vs TT 3,16 0,025
BASDAI < 3
TNFRSF1B 51061622 TG 12 TG vs GG 8,87 0,047
FCGR2A G 94 GG vs AA + AG 0,22 0,028
rs1801274 GG vs AG 0,19 0,032
BASDAI < 2
FCGR2A 151801274 GG 24 GG vs AG 0,25 0,046
AC 94 AA+ CCvs AC 0,26 0,001
VDR 157975232 ACvs CC 6.96 0,001
A 24 AA+ACvs CC 5,20 0,002
Zmniejszenie BASDAI o wiecej niz 50% (>50%)
GGvsAA+AG | 0,161 0,012
FCORZA 1801074 ©O© 24 GGVvsAG | 0092 | 0,007
Zmniejszenie BASDAI o wiecej niz 75% (>75%)
TNFRSF1B 51061622 TG 24 TG vs TT + GG 2,46 0,045
A 24 AA+ACvsC 4,17 0,011
VDR 17975232 AC 94 AA+ CCvs AC 0,28 0,006
ACvs CC 5,53 0,003

BASDALI, Bath Ankylosing Spondylitis Disease Activity Index; OB, odczyn Biernackiego; OR, iloraz
szans (ang. odds ratio); SNP, polimorfizm pojedynczego nukleotydu (ang. single nucleotide
polymorphism); vs, versus.
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11. Dyskusja

W Polsce przeprowadzono kilka badan genetycznych u chorych na ZZSK. W kontekscie
zachorowalno$ci w badaniu Wisniewskiego i wsp. stwierdzono zwigzek dla polimorfizméw ERAP1
1s2287987, rs30187, rs27044 oraz dla haplotypu ww. SNP z ERAP2 rs2248374 [53]. W kolejnym —
— autorstwa Nowak i wsp. [54] — oceniono wspotwystepowanie genu KIR2DS5 z allotypami HLA-C.
W naszej pracy [publikacjal] nie potwierdzono zaleznos$ci dla ERAP1 152287987 wsrod chorych na
axSpA. Kolejne publikacje, przygotowane rowniez przez nasze osrodki — Uniwersytet Medyczny
oraz Instytut Immunologii i Terapii Doswiadczalnej we Wroctawiu — dotyczyly skutecznosci leczenia
anty-TNF, ktéra zalezata od polimorfizméw cytokin: IL-5 rs2069812, IL-9 rs2069885 [55], IL-17F
1s763780 [56] i IL-33 rs16924159 [57]. Dodatkowo aktywno$¢ choroby przed rozpoczeciem leczenia
byla zwigzana z polimorfizmami: IL-5 rs2069812 [55], IL-17A 1s2275913, IL-17F rs763780 [56],
IL-33 1516924159 [57].

Jednostki chorobowe zaliczane do axSpA sg bardzo zréznicowane. Za gldwng determinante
obrazu klinicznego uwaza sie zmienno$¢ genetyczna. Jest to uwarunkowane réznymi genami oraz
roznicami w obrebie loci pomiedzy podtypami axSpA. Narzedziem usprawniajacym diagnostyke
moga by¢ genetyczne skale ryzyka (GRS, ang. genetic risk scores), wykorzystujace dane
z kilkudziesieciu do kilku tysiecy wariantow genetycznych, ktére stuzg do iloSciowej oceny ryzyka
choroby u poszczeg6lnych oso6b. Algorytmy do obliczania punktacji sa opracowywane na podstawie
duzych kohort genome-wide association study (GWAS), oceniajac site oddzialywania wariantow
genetycznych z dang choroba lub cecha. Indywidualne wyniki sa nastepnie obliczane poprzez dodanie
wartosci dla kazdego wariantu genetycznego zawartego w GRS, wazonego wedlug wplywu,
jaki wywiera na chorobe lub ceche. W obrebie populacji wyniki te maja tendencje do rozkiadu
normalnego. Zaleta badan genetycznych jest mozliwo$¢ wykorzystania na kazdym etapie choroby,
takze przed rozwojem objawow [58].

Przeprowadzono badania nad zastosowaniem GRS w axSpA. Obiecujace wyniki przedstawili
koreaniscy naukowcy. Opracowali model przewidujacy ryzyko ZZSK skladajacy sie z pieciu
elementow: HLA-B27, jednego SNP — ERAP1 rs10865331 oraz trzech CNV - 1q32.2, 13q13.1
i 16p13.3. Taki GRS wykazywal wyzsza swoistoS¢ w pordwnaniu z oznaczeniem HLA-B27, przy
czutosci przekraczajacej 94%. Zdolnos¢ réznicowania mierzona obszarem pod krzywa (AUC, ang.
area under a curve) byla znakomita — przekraczata 0,95. Podkreslono przydatno$¢ diagnostyczna
modelu w przypadku os6b HLA-B27-dodatnich lub o wyzszym ryzyku zachorowania, takich jak
krewni pacjentow z ZZSK [59]. HLA-B27 jest obecny u okoto 90% pacjentow z ZZSK. Wsrod
zdrowych oséb, z ktérych tylko 1-2% rozwinie ZZSK, wystepuje u 4-8% [60]. To za malo,
by stosowac oznaczenie HLA-B27 jako samodzielne badanie przesiewowe w populacji.

W Norwegii takze prébowano opracowa¢ model GRS prognozujacy wystgpienie ZZSK.
Po polaczeniu oznaczenia HLA-B27 ze 110. SNP osiagnieto AUC 0,90. Autorzy podkreslili trudnoSci
zastosowania testu w populacji europejskiej z uwagi na niska dodatnig wartos¢ predykcyjng (PPYV,
ang. positive predictive value), co jest zwigzane z niska czestoScia wystepowania ZZSK w Europie
[61].

Kolejnych informacji dotyczacych wykorzystania GRS dostarczylo badanie zr6znicowanej
populacji z Kanady, Kolumbii, Niemiec, Tajwanu, Turcji i Wielkiej Brytanii. Oceniono zdolnos¢
dyskryminacyjng 31. SNP zwigzanych z ZZSK oraz HLA-B27. Profilowanie genetyczne sprawdzito
sie w kohorcie badawczej ZZSK zdefiniowanej na podstawie kryteriéw klasyfikacyjnych mNY (AUC
0,91). Z drugiej strony skale ryzyka genetycznego mialy nizszg moc predykcyjna (AUC 0,83)
porownujac przypadki axSpA spehniajgce kryteria obrazowe ASAS, co sugeruje nizszg swoistosc
w tej grupie. Jednak taka bardziej heterogenna kohorta pacjentéw z bolem plecow lepiej
odzwierciedla codzienng praktyke reumatologiczng [62]. Prawdopodobnie axSpA jest genetycznie
bardziej zr6znicowana niz ZZSK.

Knevel i wsp. opracowali G-PROB (ang. Genetic Probability Tool) — narzedzie do obliczania
prawdopodobienstwa wystgpienia choroby u pacjenta przy uzyciu genetycznej oceny ryzyka.
Przetestowano G-PROB pod katem choréb powodujacych zapalenie stawow (reumatoidalne
zapalenie stawOw, toczen rumieniowaty ukladowy, SpA, tuszczycowe zapalenie stawow i dna
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moczanowa). W przypadku wszystkich pacjentow mozna byto wykluczy¢ co najmniej jedng chorobe,
a u 45% pacjentow zidentyfikowano prawdopodobne rozpoznanie osiggajac dodatnia warto$¢
predykcyjna na poziomie 64%. Informacje o genotypie stanowig dodatkowy element diagnostyki,
nawet jesli dostepne sq badania serologiczne. Selekcja pacjentow w oparciu o dane kliniczne moze
poprawic¢ skutecznosc testow genetycznych [63].

Ocena GRS w kierunku ZZSK ma wieksza zdolnos$¢ réznicowania niz oznaczenie HLA-B27,
obrazowanie MR lub badanie CRP, zarowno samodzielnie, jak i w polaczeniu. GRS moglyby by¢
stosowane w badaniach przesiewowych u pacjentow z przewleklym bélem plecow, w celu
identyfikacji osob o zwiekszonym ryzyku wystapienia choroby i skierowania ich do specjalisty [64].
Niezbedne sq dalsze badania nad genami oraz loci zwigzanymi z choroba w r6znych populacjach.

Medycyna spersonalizowana ma na celu dopasowanie odpowiednich metod leczenia
do konkretnych pacjentéw w momencie diagnozy, aby poprawi¢ wyniki leczenia. Takie podejscie jest
juz stosowane w kilku dziedzinach medycyny, zwlaszcza w onkologii [65]. Wiadomo, Ze leki
wywohlija rozne reakcje u roznych osob ze wzgledu na zmienno$s¢ w sekwencjach nukleotydow
genow kodujacych wazne biologicznie czasteczki tj. enzymy metabolizujace leki, receptory oraz
transportery lekéw [66]. Jednym z fundamentéw medycyny spersonalizowanej jest farmakogenetyka.
Jej celem jest przewidzenie, na podstawie cech genetycznych pacjenta, jaki lek i jaka dawka zapewnia
najwieksza korzysc terapeutyczng i/lub najmniejsze prawdopodobienstwo wystgpienia dziatan
niepozadanych. Najliczniejszymi wariantami genetycznymi wptywajacymi na farmakogenetyke sa
SNP, stanowigce okoto 90% zmiennosci ludzkiego genomu. Wsréd innych kluczowych wariantéw
wymienia sie rowniez genomowe insercje, delecje i powtdrzenia oraz zmiany liczby kopii materiatu
genetycznego [67]. Polimorfizmy genetyczne posiadajg cechy doskonatych biomarkeréw,
poniewaz sq state, przystepne w badaniu, tatwo i wiarygodnie mierzalne, a co najwazniejsze sa
obecne przed rozpoczeciem leczenia. Jednak nawet jesli istniejg obiecujace dowody wskazujace
na zwigzek markera genetycznego z konkretna odpowiedzig na leczenie, przed zastosowaniem
w praktyce klinicznej wymagana jest dokladna walidacja. W rzeczywistosci, poniewaz choroby
reumatyczne majq ztozona heterogenno$¢, do dokladnego przewidywania odpowiedzi na leczenie
prawdopodobnie bedzie wymagana integracja danych genetycznych, klinicznych i srodowiskowych
[65].

Dotychczas tylko kilka badan sugerowato zwigzek miedzy odpowiedzig na terapie anty-TNF
u pacjentéw z SpA a polimorfizmami genetycznymi, w szczegdlnosci w Sciezkach TNF i TLR oraz
sygnalizacji NF-kB. Zaleznosci dotyczyly nastepujacych genow: TNFa (rs1800629, rs361525,
1s80267959), TNFRSFI1A (rs1800693), IL-6 (rs1800795), MYOM?2 (rs2294066), CHUK
(rs11591741), MAPKAPK?2 (1s4240847), TLR10 (rs11096957), IRAK3 (rs11541076) [68]. Ponadto
opisano zwiazek z genami CRP (rs3091244) [69], ABCBI1 (rs2032582, rs1128503) [70], IL-5
(rs2069812), IL-9 (rs2069885) [55], IL-17F rs763780 [56] i IL-33 rs16924159 [57]. Wiele z tych
gendw jest rowniez zwigzanych z klinicznymi parametrami remisji lub niskiej aktywnosci choroby
w RZS, co potwierdza znaczenie tych Sciezek molekularnych w mechanizmach dziatania blokerow
TNF. Jednakze mata liczba badan, ograniczona wielko$¢ kohorty i brak rzetelnych, powtarzalnych
wynikoéw ograniczajg wykorzystanie tych odkry¢ w warunkach klinicznych. Wyniki badan GWAS
dotyczacych chor6b reumatycznych wskazuja, zZe podatno$¢ na chorobe i odpowiedZ na leczenie sa
uwarunkowane dzialaniem wielu wariantow genetycznych o umiarkowanym wptywie, a nie kilku
wariantbw o duzym wplywie. Brak powszechnie wystepujacych SNP o silnym efekcie
oraz niegenetyczne zrodla heterogennosci pacjentow powoduja, Zze do uzyskania istotnej korelacji
konieczne beda badania z bardzo duza liczba pacjentéw. Oczekuje sie, ze poligeniczne skale ryzyka,
oparte na kombinacji kilku potencjalnie predykcyjnych polimorfizméw genetycznych, beda
skuteczniejsze w przewidywaniu odpowiedzi na leczenie niz pojedyncze warianty ryzyka [68].

La Borda i wsp. ocenili parametry kliniczne i genetyczne u pacjentow spetiajacych kryteria
SpA wg ASAS pod katem braku odpowiedzi na leczenie TNFi. Sposrod 41. SNP tylko pie¢ wykazato
statystyczng zaleznoS¢ w analizie allelicznej. Jednak po analizie genotypow tylko rs11591741 genu
CHUK wykazywal istotny zwiazek z brakiem odpowiedzi na leczenie TNFi. W analizie
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wieloczynnikowej predyktorami gorszej odpowiedzi byly: ple¢ zenska, kazdy wzrost wskaznika
BASFI o jeden punkt oraz nosicielstwo genotypu rs11591741 GG [71].

Obiecujace, cho¢ niejednoznaczne wyniki badan dotyczq SNPs jako genetycznych markerow
leczenia anty-TNF w innych chorobach autoimmunologicznych, jak choroby zapalne jelit [72,73],
tuszczyca [74], czy RZS [75,76]. Zwkaszcza polaczenie kilku parametrow powodowalo poprawe
mozliwosci predykcyjnych [72,73]. Z drugiej strony w meta-analizie pojedynczych markeréw
genomowych odpowiedzi na terapie anty-TNF u chorych na chorobe LesSniowskiego-Crohna,
po dostosowaniu wartosci p, nie osiagnieto wystarczajacych poziomow istotnosci statystycznej.
Jako przyczyne stabego wyniku podawano niewielka liczbe testowanych loci oraz mate grupy
pacjentow w dostepnych publikacjach. Jako kierunek dalszych badan autorzy wskazali pomiar
transkryptomoéw i/lub proteoméw catych genow [77].

Wdrozenie personalizowanej strategii leczenia w praktyce klinicznej utrudnia fakt, ze fenotyp
SpA moze by¢ mieszany, a nawet moze sie¢ zmieniaC w czasie u pojedynczego osobnika [48].
Biomarkery genetyczne, przy swojej staloSci niezaleznie od etapu choroby, daja mozliwos¢
obiektywnej oceny rokowania u konkretnego pacjenta, wilacznie z zagrozeniem objawami
pozastawowymi czy wysoka aktywnoScig procesu zapalnego. Profilowanie genomu wystarczy
wykona¢ jeden raz. Naukowcy kontynuujq testy w poszukiwaniu markeréow genetycznych
odpowiedzi na TNFi, jednak dotychczasowe badania rozczarowuja brakiem spoéjnosci wynikdow.
Przyczyn braku odpowiedzi terapeutycznej w badaniach klinicznych jest kilka, najczesciej wymienia
sie brak przestrzegania zasad farmakoterapii. Innym waznym czynnikiem, jest obecno$¢ ADAb
przeciwko TNFi, ktore rozwijaja sie jako odpowiedZ immunogenna na obce biatko i wigzg sie
z niskim stezeniem leku. Znaczenie ma réwniez wielko$¢ grupy badanej czy metoda pomiaréw
klinicznych obejmujgca zlozone skale punktowe. Integracja danych klinicznych z ryzykiem
genetycznym bedzie latwiejsza dzieki wykorzystaniu sztucznej inteligencji, co moze zapewnic
lekarzom ocene prawdopodobienstwa odpowiedzi lub braku odpowiedzi na leczenie [65].

Pacjenci z axSpA wymagaja wielospecjalistycznej opieki lekarskiej. ObecnoS¢ ostrego
zapalenia przedniego odcinka btony naczyniowej oka (AAU, ang. acute anterior uveitis), tuszczycy
i IBD u pacjentow z zapalnym bolem plecéw moze poméc w postawieniu diagnozy axSpA. Objawy
pozastawowe wplywaja na rokowanie i wyniki leczenia, takie jak jako$¢ zycia czy aktywnos$¢
zawodowa. Ponadto od wystepowania tych symptomow zaleza decyzje dotyczace terapii [78].
U pacjentow z dodatnim antygenem HLA-B27 rozwdj uveitis moze w polowie przypadkéw
poprzedzac wystapienie zapalenia stawow, a sredni odstep miedzy diagnozag uveitis a stwierdzeniem
zapalenia stawow wynosi okolo trzech lat. Korzystna bylaby szybka wspoétpraca okulistow
i reumatologéw w celu wykluczenia ZZSK u pacjenta z AAU przy obecnosci HLA-B27, zwlaszcza
umezczyzn, przy jednostronnym lub naprzemiennie obustronnym zajeciu oczu, reakcji widknikowej,
wystepowaniu wysieku leukocytarnego w komorze przedniej czy wewnatrzgatkowego zapalenia
nerwu wzrokowego [79].

Oko to najczestsza lokalizacja procesu zapalnego poza ukladem miesniowo-szkieletowym
w SpA. Wiele badan dotyczacych AAU oparto na grupie badawczej zawierajacej chorych na axSpA.
Wystepowanie uveitis koreluje z obecnoscig radiologicznej postaci sacroilitis, HLA-B27 i czasem
trwania SpA wynoszacym powyzej 10. lat. Czesto$¢ nawrotow jest nieprzewidywalna, od epizodow
wystepujacych co kilka tygodni do jednego przypadku na kilka lat [80]. Opisano zwiazek szeregu
gendéw z wystepowaniem tego powiklania. Niektore sq rdwniez zwigzane z ZZSK, co wskazuje
na wspolne elementy etiopatogenezy obu schorzen. Najczestszym typem uveitis jest AAU,
charakteryzujace sie zapaleniem przedniej komory oka. Okoto 30% do 50% pacjentow z AAU
choruje na ZZSK [81]. Nawracajace AAU moze prowadzi¢ do jaskry, za¢cmy lub nawet do utraty
wzroku. Uveitis jest jedna z gléwnych choréb oczu, dotyczy szacunkowo dwoch milionow
Amerykanow i odpowiada nawet za 10% przypadkow Slepoty [82]. W tabeli 5. przedstawiono SNP
zwiazane z rozwojem uveitis u chorych na SpA/ZZSK. Duza liczba genéw wskazuje na ztozona
zalezno$¢. Wsréd polimorfizméw genetycznych wystepujacych z uveitis w ogdélnej populacji
wymienia sie ponadto CFI rs7356506 [83] i rs13104777 [84], CLCN7 rs67412457 [81], EYS
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1s665873 [82], IL18R1-IL1R1 rs10197284, IL10-IL19 rs17351243 [82], TNFSF15 rs3810936 [85],
rejony intergeniczne rs76412624, rs7784778, rs10093384, rs7281081, rs1580226 [81]. Warto
odnotowac jeszcze publikacje Kuipera i wsp., ktorzy opisali zaleznos¢ potaczenia ERAP1 i ERAP2
jako ceche charakterystyczna uveitis typu Birdshot, wystepujacego u pacjentow HL.A-A29-dodatnich.
Zaproponowano stworzenie leku korygujacego funkcje ERAP w leczeniu choréb oczu zaleznych
od MHC [86]. Geny ERAP s silnie zwigzane rowniez z patogenezq axSpA.

Tabela 5. Zestawienie danych literaturowych odnosnie polimorfizméw zwigzanych z wystepowaniem
ostrego zapalenia przedniego odcinka btony naczyniowej oka (AAU) u chorych na SpA/ZZSK.

SNP Najblizszy gen Chromosom OR Publikacja
rs79755370 IL23R 1 1,80 Robinson et al. [82]
rs17375018 IL23R 1 Brak danych Dong et al. [89]
rs12132349 KIF21B—Clorf106 1 1,31 Robinson et al. [82]

rs6690230 IL6R 1 1,23 Robinson et al. [82]
rs1065489 CFH 1 0,57 Wang et al. [90]
rs1061622 TNFRSF1B 1 5,00 Bugaj et al.
[publikacjal]
rs10171979 MERTK-TMEMS87B 2 1,20 Huang et al. [81]
rs4672507 Rejon intergeniczny 2 1,38 Robinson et al. [82]
1s27529 ERAPI1 5 1,22 Huang et al. [81]
rs2032890 E I/L;EP 2/LNP 5 1,51 Robinson et al. [82]
rs27044ir530187 ERAP1 5 0,32 Nossent et al. [87]
rs9378248 HLA-B 6 0,78 Huang et al. [81]
1s2297626 Fox0O1 13 1,55-1,85 Yu et al. [88]
1s2274894 NOS2 17 0,83 Huang et al. [81]
*haplotyp

OR, iloraz szans (ang. odds ratio); SNP, polimorfizm pojedynczego nukleotydu (ang. single
nucleotide polymorphism); ZZSK, zesztywniajace zapalenie stawow kregostupa.

Funkcje polimorfizméw genetycznych w ZZSK sa bardzo zlozone i nie ograniczaja sie tylko
do zmiany sekwencji kodowanych aminokwasow. Zdecydowana wiekszoS¢ sposrod ponad 100.
powigzanych SNP znajduje sie w niekodujacych regionach genomu i prawdopodobnie wiele z nich
ma dzialanie regulacyjne, chociaz wymaga to dalszych badan [91]. Ocenia sie, zZe 65-72% SNP
to polimorfizmy intronowe lub wystepujace w innych regionach genomu. Przypuszczalnie wiele
oddziatluje na podatnos¢ na zachorowanie poprzez wplyw na transkrypcje genow, zmieniajac w ten
sposob normalng homeostaze Sciezek regulacyjnych. Zrozumienie tych mechanizméw regulacyjnych
w ZZSK moze by¢ kluczem do identyfikacji wielu istotnych szlakéw patogenetycznych i odkrycia
nowych celow dla lekow [21].

Oddzialywanie czasteczek i mechanizméw na zmiane aktywnos$ci genow przy niezmienionej
sekwencji DNA nazywane jest epigenetyka. Modyfikacje epigenetyczne obejmuja gtdwnie metylacje
DNA, modyfikacje histonow, rearanzacje chromatyny i regulacje mikroRNA [92]. Mechanizmy te
moga wplywac na ekspresje genéw w krétkim okresie, na przyklad poprzez indukcje/represje
transkrypcji niekodujacego RNA, ale takze na przestrzeni lat (przekazywane poprzez podzialy
komoérkowe w obrebie danej tkanki) lub nawet pokolen (przekazywane poprzez linie zarodkowa) [93].
Oddzialywania epigenetyczne sg uwazane za tacznik miedzy rozwojem schorzenia a wptywem
Srodowiska, przy sprzyjajacym podtozu genetycznym [94]. Interakcja gen-srodowisko odgrywa
wazng role w rozwoju choréb reumatycznych. Poznanie molekularnych funkcji genéw
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w indukowanym przez czynniki Srodowiskowe procesie zapalnym i odpowiedzi immunologicznej
moze rzuci¢ nowe swiatto na patogeneze chor6b reumatycznych [95].

Warto zaznaczy¢ roznice w genotypie chorych miedzy poszczegélnymi populacjami
na swiecie. U pacjentow z ZZSK przewaza antygen HLA-B27, jednak w Europie dominuje
HLA-B*27:05, a w Chinach gléwnym podtypem jest HLA-B*27:04. Ponadto na Sardynii
stwierdzono wystepowanie podtypu B*27:09, ktéry nie jest zwigzany z ZZSK. Zaproponowano
mozliwy ewolucyjny efekt selekcji genetycznej wywolanej zakazeniem malarig, co mogtoby
wyjasnic¢ brak haplotypow ryzyka dla ZZSK tam, gdzie malaria byta endemiczna [96]. Opisano takze
zwiekszong czestos¢ ZZSK w przypadku wspotwystepowania HLA-B27 z HLA-B60 [97].

Réznice dotyczg tez loci poza uktadem MHC, cze$¢ wystepowania polimorfizméw zmienia
sie pomiedzy populacjami. Dodatkowo miedzy grupami etnicznymi istnieja réznice genetyczne
wskazujqce na etnicznie specyficzng patogeneze. Przyktadowo zr6znicowanie miedzy Europg a Azja
wykazuja warianty w genie receptora IL-23 (IL23R). Rs11209026, niesynonimiczny SNP w IL23R
zwigzany z ZZSK w populacji kaukaskiej, nie jest polimorficzny u Azjatéw. Oprocz rs11209026
nie znaleziono innych powszechnie wystepujacych polimorfizméw IL23R wsrod biatych
Europejczykow. Zasugerowano, ze IL23R moze by¢ genem specyficznym dla rasy kaukaskiej.
Natomiast w populacji chinskiej stwierdzono, ze oprécz rzadkich wariantow IL23R, takze SNP genu
STAT3 sq zwigzane z ZZSK. STAT3 koduje czasteczke zmniejszajaca IL-23R w szlaku sygnalowym
obejmujacym réznicowanie komoérek Th17. Moze to wskazywac, ze dziatanie na komarki Th17 jest
przypisywane r6znym mechanizmom patogenezy — polimorfizmom IL23R lub STAT3 [96]. Réwniez
odpowiedz na leczenie moze by¢ zmienna geograficznie. Wiele zaleznosci farmakogenetycznych jest
specyficznych dla choroby i rasy [98]. Przyktadem jest wystepowanie wariantow enzymu CYP2D6.
W populacji europejskiej przewaza CYP2D6*4, natomiast u Malajow i Chinczykéw czeSciej
wystepuje CYP2D6*10 [99].

Ponadto opisano roznice geograficzne w fenotypie choroby — izraelskie dzieci z mtodziencza
SpA prezentowaly prawie wylacznie chorobe osiowg w porownaniu z pacjentami ze Stanéw
Zjednoczonych, u ktorych czesciej wystepowaly objawy obwodowe [100].

Badania przeprowadzone w ramach rozprawy doktorskiej miaty kilka ograniczen. Celem
zwiekszenia liczby chorych w grupie badanej polaczono pacjentéw z rozpoznaniem ZZSK oraz
nr-axSpA. Wiekszos¢ danych w literaturze dotyczy tylko ZZSK. Badania genetyczne, zwlaszcza
rzadko wystepujacych loci lub tych o niewielkim wptywie na badang ceche, wymagajq duzej liczby
pacjentdw. Lacznie, jako leczenie anty-TINF, policzono terapie roznymi lekami anty-TNF. Z drugiej
strony badanie polimorfizméw roéznych genéw oraz ocena aktywnos$ci choroby w perspektywie
krotko- i dlugoterminowej pozwolila na kompleksowa analize wybranych cech oraz skutecznosci
leczenia anty-TNF.

Pomimo postepu w ostatnich latach oraz wysitkéw badaczy w celu walidacji nowych
biomarkeréow axSpA, tylko kilka z nich jest obecnie wykorzystywanych w rutynowej praktyce
klinicznej, a "klasyczne" biomarkery nadal pomagaja w podejmowaniu decyzji dotyczacych leczenia
poprzez ocene aktywnos$ci choroby, rokowania i odpowiedzi na leczenie. W praktyce walidacja
nowego testu zwykle wigze sie z dlugim procesem. Wdrozenie wymaga standaryzowanej metodologii,
odpowiedniego stosunku kosztow do korzysci oraz skutecznoSci w diagnostyce, terapii
lub prognozowaniu przebiegu choroby. Chociaz wyzsze koszty i problemy z dostepnoScia moga
ograniczaC¢ stosowanie biomarkerow, to dodatkowe koszty wynikajace z opoznienia diagnozy,
niepowodzenia terapeutycznego, jak rowniez zlego rokowania, uzasadniajg taka inwestycje [101].
Z7SK jest choroba wystepujaca gtownie w populacji ludzi mtodych (zwlaszcza mezczyzn w $rednim
wieku), przyczyniajaca sie do znacznego ograniczenia aktywnosci spotecznej i ekonomicznej, a wiec
obnizajaca produktywnos¢, a takze jako$¢ zycia chorych. W Polsce pacjenci zgtaszali srednio 45 dni
wolnych od pracy w ciggu roku [102].
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Niespdjne wyniki w badaniach réznych biomarkerow mozna ttumaczy¢ heterogennoscia
choroby, zlozona patogeneza, opdznieniem diagnostycznym, rdéznymi punktami czasowymi
wilaczenia do badan, trudnosciami w ocenie aktywnosci choroby i progresji radiologicznej oraz
dzialaniem lekéw. Niemniej jednak potencjal jest obiecujacy i dzieki wiekszym, jednolitym
prospektywnym badaniom wieloosrodkowym mozemy oczekiwa¢, Zze w niedalekiej przyszitosci
uda sie opisa¢ nowe klinicznie uzyteczne biomarkery [50].
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12. Whnioski

1.

SNP maja potencjal, zeby zosta¢ biomarkerami przewidujacymi przebieg axSpA. Wsrod zalet
mozna wymieni¢ statos¢, tatwy i wiarygodny pomiar, a co najwazniejsze — obecnos¢ przed
rozpoczeciem leczenia. Prognozowanie przebiegu choroby pozwoli zidentyfikowac
pacjentow zagrozonych ciezkim przebiegiem axSpA lub wystapieniem objawow
pozastawowych i wczesniej zintensyfikowac leczenie w grupach ryzyka.

Odnotowano dwie zalezno$ci zwigzane z wystepowaniem objawdw pozastawowych: genotyp
ERAP1 152287987 AA wystepowal czesciej u pacjentow z zapaleniem przyczepow
Sciegnistych, natomiast TNFRSF1B rs1061622 GG wsrod chorych z zapaleniem blony
naczyniowej oka.

Polimorfizmy TNFRSF1A 15767455, TNFRSF1B 151061622, VDR 1rs2228570 oraz VDR
17975232 korelowaly z aktywnosScia choroby przed rozpoczeciem leczenia anty-TNEF,
mierzong stezeniem CRP oraz parametrami BASDAI i VAS bdlu kregostupa.

Biomarkerami przewidujacymi odpowiedZ na leczenie anty-TNF, oceniong za pomoca
BASDALI oraz wartosci OB, byly: ERAP1 rs2287987, ERAP2 rs2549782, TNFRSF1B
1s1061622, FCGR2A rs1801274, VDR rs7975232, VDR 1s731236.

Chociaz SNP moga poprawi¢ diagnostyke axSpA, zwlaszcza jako elementy genetycznych
skal ryzyka, analizowane polimorfizmy nie byly zwigzane z wystepowaniem choroby
w populacji polskiej.

Profilowanie genetyczne moze pom6c w dobraniu wiasciwego leku dla konkretnego pacjenta,
maksymalizujac dzialanie terapeutyczne i minimalizujac efekty uboczne. Do dokladnego
przewidywania odpowiedzi na leczenie, z uwagi na zlozong heterogennos¢ chorob
reumatycznych, prawdopodobnie wymagane bedzie polaczenie danych genetycznych,
klinicznych i srodowiskowych. Takie postepowanie otworzy droge do personalizacji terapii
axSpA.

Konieczne sg dalsze badania na wiekszej grupie pacjentéw, obejmujace rowniez inne
populacje na Swiecie. Przed zastosowaniem nowych biomarker6w w praktyce klinicznej
nalezy przeprowadzi¢ doktadng walidacje.
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