
 Riga, 2020

The Relationship of Candidate Gene 
Polymorphisms with Ankylosing 

Spondylitis and its Clinical Course

Summary of the Doctoral thesis 
for obtaining a doctoral degree (Ph.D.)

Sector – Clinical Medicine
Sub-sector – Rheumatology

Julija Zepa

doi:10.25143/prom-rsu_2020-12-dts

https://doi.org/10.25143/prom-rsu_2020-12-dts


 
 

 

 

 

 

 
 Julija Zepa 

ORCID 0000-0003-3848-797X 
 

 

 
 The Relationship of Candidate Gene 

Polymorphisms with Ankylosing Spondylitis and 
its Clinical Course 

 

 

 

Summary of the Doctoral Thesis  
for obtaining a doctoral degree (Ph.D.) 

 

 

Sector – Clinical Medicine 

Sub-Sector – Rheumatology 

Riga, 2020 

https://orcid.org/0000-0003-3848-797X


 

The Doctoral Thesis was developed at Rīga Stradiņš University, Pauls Stradins 
Clinical University Hospital and Latvian Biomedical Research and Study 
Centre 

 

Supervisor of the Doctoral Thesis :  

Dr. habil. med., Professor Daina Andersone  
University of Latvia, Faculty of Medicine  
 
Dr. med., Professor, full member of LAS Aivars Lejnieks  
Rīga Stradiņš University, Latvia  

 
Scientific Advisor:  

Dr. med., Liene Ņikitina-Zaķe  
Rīga Stradiņš University, Latvia 

Official Reviewers:  

Dr. med., Professor Valda Staņēviča  
Rīga Stradiņš University, Department of Paediatrics, Latvia  
 
Dr. habil. med., Professor Ingrīda Rumba-Rozenfelde  
University of Latvia, Faculty of Medicine  
 
Dr. med., Professor Irena Butrimiene  
Vilnius University, Faculty of Medicine, Lithuania 

 

Defense of the Doctoral Thesis will take place at the public session of the 
Promotion Council of Clinical Medicine on 4 September 2020 at 15.00 in 
Hippocrates Lecture Theatre, 16 Dzirciema Street, Rīga Stradiņš University. 

The Doctoral Thesis is available in RSU Library and on RSU website: 
https://www.rsu.lv/doctoral theses 

 

 

 

 
 

Secretary of the Promotion Council:  
Dr. med., Associate Professor Viktorija Ķēniņa 



3 

 

 Table of contents  

Introduction ........................................................................................................ 6 
1. Study material and methods ........................................................................ 13 

1.1. Included persons, inclusion and exclusion criteria ............................. 13 
1.1.1. Demographic characteristics of ankylosing spondylitis patients 

and control group..................................................................... 14 
1.1.2. Biological material used in the study ...................................... 14 

1.2. Clinical and radiological investigation methods ................................. 15 
1.3. Selected biomarkers of ankylosing spondylitis ................................... 17 
1.4. Detection of genetic polymorphism .................................................... 18 
1.5. Statistical analysis of data ................................................................... 19 

2. Results ......................................................................................................... 22 
2.1. Characteristics of ankylosing spondylitis patients .............................. 22 
2.2. Polymorphisms of the ankylosing spondylitis candidate genes .......... 25 
2.3. The link of ankylosing spondylitis candidate gene polymorphisms  

to the disease ....................................................................................... 25 
2.4. The link of ankylosing spondylitis candidate gene polymorphisms  

to the extraspinal manifestations of the disease – uveitis and  

peripheral arthritis ............................................................................... 30 
2.5. The link of multilocus haplotypes with ankylosing spondylitis  

and its extraspinal manifestations ....................................................... 36 
2.5.1. Haplotypes within the single gene ........................................... 37 
2.5.2. Haplotypes within the genes coding the proteins  

of the TNF family signaling pathway ...................................... 39 
2.5.3. Haplotypes formed by the SNPs of the genes encoding the 

signaling pathway of interaction of TNFα, T lymphocytes 

and dendritic cells .................................................................... 40 
2.5.4. Haplotypes of the linked SNPs ................................................ 43 

2.6. The link of the ankylosing spondylitis candidate gene 

polymorphisms to the disease biomarkers .......................................... 46 
2.6.1. The age at the onset of first ankylosing spondylitis  

symptoms ................................................................................ 46 
2.6.2. The assessment of spinal structural damage (mSASSS) ......... 47 
2.6.3. The relationship and possible impact of the candidate gene 

polymorphisms of ankylosing spondylitis on the efficacy of 

the treatment with TNFα inhibitors ......................................... 50 
3. Discussion ................................................................................................... 54 
Conclusions ...................................................................................................... 72 
Recommendations............................................................................................. 75 
References ........................................................................................................ 77 
List of published articles and abstracts and participation in congresses and 

conferences ....................................................................................................... 84 



4 

 

Abbreviations  

 

A adenine 

AS ankylosing spondylitis 

ASAS Assessment of SpondyloArthritis international Society 

ASDAS Ankylosing Spondylitis Disease Activity Score 

BASDAI Bath Ankylosing Spondylitis Disease Activity Index 

BASFI Bath Ankylosing Spondylitis Functional Index 

BASMI Bath Ankylosing Spondylitis Metrological Index 

bDMARD biological disease modifying antirheumatic drug 

C cytosine 

CD40 cluster of differentiation 40 

CI confidence interval 

CRP C reactive protein 

dbSNP data base of single nucleotide polymorphism 

DMARD disease modifying antirheumatic drug 

DNA deoxyribonucleic acid 

ERAP1 endoplasmic reticulum aminopeptidase 1 

EULAR European League against Rheumatism 

G guanine 

GWAS genome wide association study 

HLA human leukocyte antigen 

IBD inflammatory bowel disease 

IFN interferon 

IL interleukin 

IL23R interleukin 23 receptor 

IRF5 interferon regulatory factor 5 

Kα Cronbach’s alpha 
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MAF minor allele frequency 

MHC major histocompatibility complex 

mSASSS modified Stoke Ankylosing Spondylitis Spinal Score 

NCBI dbSNP National Center for Biotechnology Single Nucleotide 

 Polymorphism database  

NSAID nonsteroidal antiinflammatory drug 

OR odds ratio 

ORA odds ratio adaptive model 

ORM odds ration multiplicative model 

P probability value (the level of statistical significance) 

PCR polymerase chain reaction 

PTPN22 protein tyrosine phosphatase, non-receptor type 22 

 (lymphoid) 

RA rheumatoid arthritis 

SLE systemic lupus erythematosus 

SNP single nucleotide polymorphism 

SpA spondyloarthritis 

SLE systemic lupus erythematosus 

T thymine 

TGFβ transforming growth factor β 

TNF tumor necrosis factor  

TNFA tumor necrosis factor A 

UTR untranslated region 

 

  



6 

 

Introduction 1 

 

Topicality of the Thesis  

Ankylosing spondylitis (AS) is a systemic, chronic immune system 

mediated inflammatory arthritis – the form of spondyloarthritis (SpA) which 

mainly affects sacroiliac joints, axial skeleton with or without extraspinal 

manifestations (e. g. peripheral arthritis, uveitis, dactylitis etc.), inducing 

inflammation and structural damage of entheses, joints, bones and involved 

internal organs (de Winter et al., 2016). The most clinically relevant symptom is 

inflammatory back pain which occurs mainly at night and early morning 

followed by morning stiffness disturbing daily activities. The effect of 

inflammation is structural damage: an agressive and long-standing disease results 

in ankylosis of the sacroiliac joints and “bamboo” like spine (bony bridges made 

from the fusion of syndesmophytes and calcification of ligaments), leading to a 

significant decrease in spinal mobility and thus causing functional disability.  

The first onset of AS clinical symptoms is usually observed at the age of 

20 to 30 years (Rudwaleit, Haibel et al., 2009). Based on the epidemiological 

studies, in the European region AS prevalence is between 0.2 % and 1.2 % 

(Sieper et al., 2006). There are no precise data on the number of AS patients in 

Latvia. 

Approximately 30 % of AS patients may develop uveitis, inflammatory 

bowel disease (IBD) – 3–10 %, psoriasis in 10 % of patients (de Winter et al., 

2016). A proportion of AS patients may have damage of cardiovascular system, 

lungs and kidneys (Elewaut, Matucci-Cerinic, 2009). Data from several 

epidemiological studies confirm that higher incidence of extraarticular 

                                                           
1 In the text, the name of the gene is italic (e. g. HLA-B*27), the name of the gene-

coded protein is in regular font style (e. g. HLA-B27).  
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manifestations is the result of uncontrolled systemic inflammation  

(el Maghraoui, 2011). 

AS has a negative impact on the quality of life which is associated with 

disease activity and its caused functional impairment of daily activities  

(López-Medina et al., 2017). Importantly, the diagnosis of AS is still delayed by 

8 to 10 years thus indicating the need for new diagnostic tests (Costantino et al., 

2018).  

In view of the epidemiological data on the disease, the economic aspects 

of the direct and indirect costs of the disease are crucial (Malinowski, Kawalec, 

2015). In this case, timely diagnosis and targeted effective therapy would 

significantly reduce the indirect costs associated with work disability. 

At the beginning of this century, treatment options for AS have progressed 

from symptom reduction to pathogenetic therapy with disease-modifying 

antirheumatic drugs (DMARDs), particularly tumour necrosis factor alpha 

(TNFα) inhibitors. Early and effective AS therapy by reducing disease activity 

(inflammation) prevents the progression of structural damage of the joints and 

bones (Baraliakos et al., 2014; Molnar et al., 2018). However, not all patients 

develop remission as a result of the therapy. For example, up to 40 % of patients 

receiving TNFα inhibitors do not respond or cannot tolerate the treatment or 

develop a loss in efficacy over time (Braun et al., 2017). As known, some (more 

than a quarter) of the drugs involved in clinical trials are not registered due to 

lack of efficacy (Nelson et al., 2015). Genetic research-supported drug 

development helps prevent the risk of treatment failure. The next level in the care 

of AS is cure of the disease and, more importantly, prevention of its development. 

One of the means to achieve these disease management goals is to identify and 

understand the genetic basis of the disease.  

The course of AS disease can vary – axial form only, axial and peripheral 

form, axial form with extraspinal manifestations and rapid progression etc. 

Currently in clinical practice there is no unambiguous marker that can predict the 
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development of disease manifestation in a particular individual with AS. The 

genetic basis of AS, which is formed by analysing the candidate genes and the 

proteins encoded by them involved in the pathogenesis of AS and its clinical 

manifestations, is also important in exploring this issue. 

Genome wide association studies (GWAS) indicate the breadth of 

pleiotropy between different diseases – where one variant can affect the risk of 

developing multiple diseases; sometimes the effect may be the opposite, that is, 

by promoting the development of one disease but at the same time protecting 

from the risk of developing another disease (Brown, Wordsworth, 2018). 

Knowledge of the genetic basis of the disease is an essential safety aspect for 

targeted drug development. 

Genetic polymorphism varies among different populations and regions 

and the genetic card of one population in different regions is not identical, thus 

partly clarifying the varied AS prevalence in different geographical regions and 

countries (Brown, Worsworth, 2018). It justifies the possible differences in the 

results of the conducted studies and indicates the need for geographically 

targeted studies, especially for small populations.  

According to the current classification of SpA AS belongs to the axial 

group of SpA. Axial SpA group includes non-radiographic and radiographic 

axial SpA – the difference between these groups is based on the absence or 

presence of structural damage in sacroiliac joints radiographs, respectively 

(Rudwaleit, van der Heijde et al., 2009). Research data on whether these 

conditions are two stages of the same disease or different diseases are 

contradictory (Mease et al., 2018; Proft, Poddubnyy, 2018; Robinson et al., 

2013). Therefore, clinical and genetic analysis of a relatively homogeneous 

group of AS patients meeting the New York criteria (van der Linden et al., 1984) 

is of particular importance to identify prospectively those patients with 

inflammatory back pain who will not develop AS in the future. Understanding 

the risk of developing the disease would allow for an objective assessment of the 
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benefit-risk ratio when deciding on the waiting approach or therapy and its type 

to be initiated.  

Based on family and twin studies, AS is known to be highly heritable, 

with > 90 % of the risk of developing the disease determined genetically (Brown, 

2008). There is considerable data suggesting that knowledge about HLA-B*27 

(human leukocyte antigen B27), a gene encoded in major histocompatibility 

complex (MHC), though important, is not sufficient to explain the genetic 

epidemiology of AS (Brown et al., 2000). Thus, only a small proportion of 

HLA-B*27 positive individuals in the general population develop AS, 

suggesting that there are other susceptibility factors and confirming AS not 

being a monogenic disease. To date, 115 loci have been identified, 

contributing to 28 % of the genetic variation in the disease (Brown, 

Wordsworth, 2018). Non-HLA genes identified in recent decades include genes 

encoding proteins involved in interferon or TNFα signaling pathway and 

transcription, the IL-23/IL-17 cascade, or CD8+ lymphocyte differentiation, and 

essential for antigen presentation, including mucosal immunity factors,  

M1-aminopeptidases (Brown, Wordsworth, 2018; Ruyssen-Witrand et al., 2019). 

These factors are important components of the pathogenesis of AS (Pederson, 

Maksymowych, 2018). Since AS is a polygenic disease, an analysis of each 

separate stage of its pathogenesis will allow a more complete understanding of 

the course of the disease and usage of safe treatment within personalized 

medicine.  

The two main remaining challenges in the research of AS genetic aspects 

are to identify genetic polymorphisms responsible for the large proportion of 

heritability of the disease that remains unexplained, and to determine functional 

mechanisms underpinning those genetic associations (Li, Brown, 2017). 

Consequently, there are several trends in the genetic research of AS: to find out 

which genes are associated with the disease; to determine the relation of disease-
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associated gene polymorphisms with variants of disease phenotypic expression; 

to analyse the association of these gene polymorphisms with the risk of 

simultaneous development of several other diseases; to analyse gene 

polymorphisms linked with other diseases in relation to the risk of developing 

AS.  

During the evaluation of publications on the pathogenesis and genetic 

aspects of AS and designing a study on the AS genetic profile, the selection of 

non-HLA candidate genes in close relation to the pathogenesis was based on the 

following several aspects: 

 a known association with AS which has been proven in more extensive studies 

(ERAP1, IL23R) (Li, Brown, 2017; WTCCC et al., 2007); 

 the association with AS is less clearly defined in different populations (for 

example, TNFA (Manolova et al., 2014), IL10 (Xia et al., 2018), TGFβ1 

(Jaakkola et al., 2004)); 

 a possible involvement of gene-encoded protein in inflammation or 

osteoproliferation in AS, by analysing genes not yet widely evaluated in AS 

(for example, CD40 (Croft, Siegel, 2017), TGFβ1 (Jaakkola et al., 2004), 

PTPN22 (Sode et al., 2018)); 

 a possible association of gene encoded protein with phenotypic extraspinal 

manifestations of AS – uveitis and peripheral arthritis  (for example, IL10 

(Chu et al., 2012), IRF5 (Márquez et al., 2013)); 

 the gene association with other rheumatic diseases, for example, rheumatoid 

arthritis (RA) (PTPN22 (Criswell et al., 2005; Tizaoui et al., 2019)), CD40 

(Peters et al., 2009)), IBD (IRF5 (Gathungu et al., 2012)), systemic sclerosis 

(TGFβ1 (Zhang et al., 2013)), in order to understand the potential role of a 

single gene in the development of multiple diseases and to predict the safety 

and efficacy aspects of therapy.  
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In view of the epidemiological, clinical data, disease modalities and trends 

in modern personalized medicine approaches to AS care, it is crucial to diagnose 

the disease timely and to treat it using targeted and effective tools. Genetic 

research is important to determine the risk of developing the disease, to predict 

its course and thus to prevent the possibility of irreversible damage. In order to 

facilitate the development of a holistic care approach for AS patients, a study was 

conducted to identify some of the genetic aspects of AS and their relationship to 

clinical manifestations, including the most frequent extraspinal manifestations 

such as uveitis and peripheral arthritis.  

Hypothesis of the Thesis 

Polymorphisms of the candidate genes are associated with ankylosing 

spondylitis and its clinical manifestations – uveitis and peripheral arthritis, 

treatment efficacy with tumor necrosis alpha inhibitors. 

Aim of the Thesis 

To investigate the association and its clinical significance between the 

polymorphisms of the candidate genes and the haplotypes of different 

combinations of these polymorphisms in relation to ankylosing spondylitis and 

its clinical course, treatment efficacy with tumour necrosis alpha inhibitors. 

Objectives of the Thesis 

1. To select ankylosing spondylitis patients by using an original 

questionnaire and characterise the clinical profile of ankylosing 

spondylitis patients as well as clinical manifestations – uveitis and 

peripheral arthritis.  

2. To determine association between the polymorphisms of the candidate 

genes and ankylosing spondylitis by comparing the distribution of 

alleles and genotypes in case and control groups.  



12 

 

3. To determine association between the haplotypes of different 

combinations of the polymorphisms of the candidate genes and 

ankylosing spondylitis by comparing case and control groups. 

4. To determine association between the alleles and genotypes of the 

polymorphisms of the candidate genes and clinical manifestations of 

ankylosing spondylitis – uveitis and peripheral arthritis. 

5. To determine association between the haplotypes of different 

combinations of the polymorphisms of the candidate genes and clinical 

manifestations of ankylosing spondylitis – uveitis and peripheral 

arthritis. 

6. To determine association between the alleles and genotypes of the 

polymorphisms of the candidate genes and biomarkers of ankylosing 

spondylitis chosen in the study (the age of the manifestation of first 

clinical symptoms, the assessment of cervical and lumbar spine 

radiographic changes, the assessment of the treatment efficacy with 

tumor necrosis factor alpha inhibitors during the first year of usage). 
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1. Study material and methods 

1.1. Included persons, inclusion and exclusion criteria 

 

The prospective study includes patients treated in the Centre of 

Rheumatology (inpatient and outpatient departments) of Pauls Stradins Clinical 

University Hospital during the time period from 2011 till 2013. 

The inclusion criteria: diagnosis according to the modified New York 

criteria for AS (van der Linden et al., 1984). The study included patients who 

developed their first clinical symptoms after the age of 18 years.  

The exclusion criteria: other type of chronic or autoimmune inflammatory 

arthritis (for example, psoriatic arthritis), systemic lupus erythematosus, 

psoriasis, multiple sclerosis, inflammatory bowel disease, type I diabetes 

mellitus, thyrotoxicosis, acute or chronic infection, depression or other 

psychiatric diseases (diagnosed or treated by a psychiatrist), diseases of central 

nervous system, alcohol or other substance abuse. 

The control group was formed by using data from the Genome Database 

of Latvian population of the Latvian Biomedical Research and Study Centre. 

This group included potentially healthy persons without known chronic 

inflammatory diseases and was matched with the case group according to age 

and place of residence. 

AS patients included in the study were retrospectively evaluated for the 

efficacy of the first year of treatment with TNFα inhibitors during the time period 

till March 2019.  

The study was approved by the Ethics Committee of Rīga Stradiņš 

University. The inclusion of genetic data from healthy individuals in the study 

was based on the consent of the Central Medical Ethics Committee. Prior to 

inclusion, all individuals signed the informed consent form. 
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1.1.1.  Demographic characteristics of ankylosing spondylitis 

patients and control group 

 

The study included 98 AS patients, of whom 90 (91.84 %) were males 

and eight (8.16 %) females with the mean age of 39.28 ± 15.69 (range 20–60) 

years. The control group data of 154 healthy individuals of the population of 

Latvia, of whom 128 (83.12 %) were male and 26 (16.88 %) female, were 

analysed. The mean age of the control group was 40.17 ± 9.44 years  

(range 14–80).  

Entire patient group was analysed in the study, as well as depending on 

the presence of uveitis and/or peripheral arthritis, dividing AS patients into four 

subgroups (see Fig. 1.1). 

 

 

Figure 1.1. Classification of ankylosing spondylitis (AS) patients based on 

uveitis and/or peripheral arthritis data 

 

1.1.2.  Biological material used in the study 

 

Clinical tests were performed at the Biochemistry Laboratory of Pauls 

Stradins Clinical University Hospital. In AS patients blood c-reactive protein 

(CRP) level was determined, which was considered  elevated at the level above 

5 mg/L. Isolation of deoxyribonucleic acid (DNA) from blood samples for the 

AS patients

n = 98

AS patients with 
uveitis

n = 16

AS patients with 
peripheral arthritis

n = 40

AS patients with 
uveitis and peripheral 

arthritis
n = 17

AS patients without 
uveitis and 

peripheral arthritis
n = 25
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determination of genetic polymorphisms was  performed in the Laboratory of the 

Latvian Biomedical Research and Study Centre. 

 

1.2.  Clinical and radiological investigation methods 

Aspects of medical history 

Each AS patient responded to the questions included in the survey 

questionnaire. The questions contained information on age at onset of the first 

symptoms of the disease, duration of the disease, evaluation of patient’s disease 

activity and pain associated with the disease during the past week (0–10, where 

0 – no symptoms and 10 – very severe manifestation), ocular symptoms (uveitis) 

and extraspinal joints, treatment, evaluating the patient’s information and 

medical documentation data, including comorbidities, family history, treatment 

applied. Disease duration is defined in accordance with the concept developed in 

2006 (Davis et al., 2006).  

At the enrollment in the study, the presence of uveitis was determined on 

the basis of an ophthalmologist’s opinion. Its history was established by the use 

of medical documentation.  

Physical examination 

Spinal mobility using BASMI (Bath Ankylosing Spondylitis 

Metrological Index) (Jenkinson et al., 1994) and 44 peripheral joints determining 

pain and synovitis during palpation (Zochling, Braun, 2005) were  evaluated in 

AS patients during clinical examination. BASMI was calculated using  

a three-point evaluation method. Hip joint involvement was classified as 

manifestation of axial disease (Zochling, Braun, 2005). 

Evaluation of physical function in AS patients 

AS patients completed a self-evaluation questionnaire of physical 

function – BASFI (Bath Ankylosing Spondylitis Functional Index) consisting of 

ten questions (Calin et al., 1994). The questionnaire was validated in Latvian and 
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Russian. Each item was assessed on the ten point basis: 0 – easy to perform the 

described action or movement and 10 – impossible to perform it). The sum of all 

answers divided by ten indicates the severity of functional disability.  

The value of Cronbach’s alpha (Kα) was determined to verify whether the 

questionnaire questions could be combined for self-assessment analysis of the 

functional ability in a given patient group. The BASFI questionnaire Kα was 0.96 

indicating that all ten questions in this group could be used for the self-evaluation 

of the functional ability.  

Evaluation of AS disease activity and treatment efficacy using bDMARDs 

BASDAI (Bath Ankylosing Spondylitis Disease Activity Score) is  

a six-item questionnaire to be completed by the patient evaluating fatigue, back 

pain, peripheral joint pain, enthesial pain and morning stiffness (its duration and 

intensity) from 0 to 10 (0 – no complaints and 10 – very severe manifestation) 

for the last week (Garrett et al., 1994). The calculation of the BASDAI result by 

a certain formula makes it possible to determine whether the disease is active 

(BASDAI ≥ 4) or inactive (BASDAI < 4). The questionnaire has been validated 

in Latvian and Russian. The value of Cronbach’s alpha (Kα) was determined to 

verify whether questionnaire items could be combined for self-assessment 

analysis of the disease activity in a given patient group. The BASDAI 

questionnaire Kα was 0.87 indicating that all six questions in this group could be 

used for the self-evaluation of the disease activity. 

 The second disease evaluation index is ASDAS (Ankylosing 

Spondylitis Disease Activity Score). This score includes patient-reported 

assessment of back pain (BASDAI question 2), disease activity evaluation  

(0–10), peripheral joint pain/swelling (BASDAI question 3), duration of morning 

stiffness (BASDAI question 6) and CRP (mg/L) (Lukas et al., 2009). When 

calculating the index using the formula, the degree of AS activity is determined.  
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In the analysis of the patient group (n = 55) taking TNFα inhibitors, 

ASAS-EULAR recommendations on BASDAI dynamics was  used to assess the 

efficacy of therapy: an improvement in this index by two or more units (0–10), 

calculated at least 12 weeks from initiation, was considered to be a therapy effect 

(van der Heijde et al., 2017). The efficacy of TNFα inhibitors was evaluated over 

the first 12 months of therapy, calculating BASDAI every three to six months. A 

further analysis of genetic aspects was  carried out by dividing patients into two 

groups: treatment effifacy (BASDAI < 4 or reduction in BASDAI by two units 

from the baseline data without deterioration during the year) and treatment 

inefficacy group (decrease in BASDAI less than two units from baseline data at 

the end of the assessment period).  

Radiological investigation 

Cervical and lumbar spine radiographs for AS patients were performed in 

the Institute of Radiology of the Pauls Stradins Clinical University Hospital and 

subsequently analysed by a certified radiologist according to the mSASSS 

(modified Stoke Ankylosing Spondylitis Spinal Score) method (Creemers et al., 

2005; Wanders et al., 2004). 

Randomly selected radiograph data of 18 AS patients were evaluated by 

another independent certified radiologist to verify compliance with the mSASSS 

assessment. Measure of agreement of the radiologists’ evaluation was 0.94, 

Pearson’s correlation coefficient – 0.94. The results showed that the assessments 

provided by the first radiologist were accurate and consistent with the terms of 

the method of mSASSS. 

 

1.3. Selected biomarkers of ankylosing spondylitis 

 

On the basis of data from scientific publications and topical issues of the 

clinical work, we selected biomarkers describing AS disease for further analysis: 
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1) age at onset of first clinical symptoms; 2) assessment of structural damage 

(mSASSS) analysed in the context of the disease duration; 3) assessment of the 

efficacy of the first year of treatment with TNFα inhibitors (BASDAI < 4 or 

decrease of BASDAI for two units from baseline data without deterioration 

during the year); 4) disease transition into an inactive form (BASDAI < 4) during 

the first year of treatment with TNFα inhibitors; 5) tendencies of changes in the 

disease activity assessment (BASDAI) during the first treatment year with TNFα 

inhibitors.  

 

1.4. Detection of genetic polymorphism 

 

A peripheral blood sample was collected  from patients and phenotypic 

information was obtained according to the protocols of the Genome Database of 

Latvian population (Rovite et al., 2018). To conduct the genetic analysis, the 

genomic DNA was extracted from the Genome Database of Latvian population 

and was further used for the determination of selected genetic polymorphisms.  

For the determination of biallelic polymorphisms IRF5 rs10954213, 

rs2004640, rs3757385, CD40 rs4810485, ERAP1 rs10050860, rs30187, rs26653, 

IL23R rs10889677, rs11209026, rs2201841, PTPN22 rs2476601 and TGFβ1 

rs1800469, rs1800470 a real-time polymerase chain reaction (PCR) was  

performed using commercially available TaqMan reagent kits TaqMan Assays 

(Thermo Fisher Scientific, USA) individually for each SNP.  

DNA found in individuals from the Genome Database of Latvian 

population was diluted to 7 ng/μl and 28 ng genomic DNA was used for the 

reaction. Reaction mixture for one reaction: H2O – 5 µl; TaqMan Universal PCR 

Master Mix – 4,75 µl; TaqMan probe 0,25 µl; genomic DNA 4 µl. The prepared 

reaction mixture was inserted into the Real Time PCR system ViiA 7 (Applied 
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Biosystems, USA), where amplification and genotyping were carried out in 

accordance with the manufacturer’s instructions. 

The Sanger sequencing of both DNA strands for the analysis of IL10 

rs1800896 and TNFA rs1800629 was performed: IL10 5’-

TTCCCCAGGTAGAGCAACAC-3’ and 5’-ATCCTCAAAGTTCCCAAGCA-

3’ (685 bp); TNFA: 5’-ACAGGCCTCAGGACTCAACA-3’ and 5’-

GCACCTTCTGTCTCGGTTTC-3’ (364 bp).  

The same nucleotides that were used for polymerase chain reaction were 

also used for the sequencing reaction. Polymorphism was named by analysing 

electropherograms. 

 

1.5. Statistical analysis of data 

 

All analyses were conducted using the IBM SPSS Statistics, version 23.0 

(IBM Corp., Armonk, N.Y., USA, 2015). 

Data analysis steps and statistical methods applied: 

 estimation of the normal distribution of cases and control data using  

Shapiro–Wilk or Kolmogorov–Smirnov tests; 

 comparison of mean values: parametric data method T test or one-way analysis 

of variance (ANOVA) or non-parametric data method - the Mann–Whitney or 

the Kruskal–Wallis test; 

 determination of the strength of the relationship between nominal and numeric 

variables, using either the η (eta), or between two numerical parameters, using 

the Pearson’s r or the Spearman’s ρ test; 

 determination of regularities using the regression analysis; 

 determination of the measure of agreement and Kappa coefficient by 

comparing the matching of values of the two certified radiologists’ mSASSS. 

The number of patients analysed by the other certified radiologist according to 
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the mSASSS method was defined based on the guidelines of the minimum 

required sample size for Cohen’s Kappa coefficient (Bujang, Baharum, 2017a; 

Bujang, Baharum, 2017b; Temel, Erdogan, 2017). Because the value of 

mSASSS is a numerical, the Kappa coefficient is equivalent to Pearson’s 

correlation coefficient. The measure of agreement should be at least 0.80 

(80 %) and the Kappa coefficient at least 0.80 to consider the assessments of 

the first radiologist as relevant and accurate (McHugh, 2012); 

 determination of Cronbach’s alpha (Kα) for BASFI and BASDAI using 

reliability analysis; 

 determination of distribution of frequencies of the SNPs genotypes according 

to the Hardy–Weinberg equilibrium prior the selection of SNPs and statistical 

analysis of polymorphisms using heterozygosity index; 

 development of combinations of SNPs haplotypes in addition to allelic and 

genotypic data using DNASp version 6.11.01 (Rozas et al., 2017); 

 determination of the existence of a statistically significant difference in the 

analysis of the relationship between the two nominal variables using  

χ2 criterion or Pearson’s χ2 method or Fisher’s exact test; 

 determination of association between nominal variables, using Cramer’s V;  

 determination of polymorphism (allele, genotype, haplotype) effects on the 

disease probability (clinical relationship) using odds ratio (OR) and confidence 

interval (CI) in 95 % cases. OR determined using statistical programme PAST 

(Paleontological Statistics, ver. 3.12; Hammer et al., 2001). OR calculations 

used adaptive and multiplicative models. If the OR is 1, the allele (genotype) 

of specific locus  does not increase the risk for the disease. If OR > 1, the risk 

increases; if OR < 1, the risk decreases. If OR > 2, the disease risk is very high; 

if OR > 3, the disease risk is clinically significant. OR value less than 1 

indicates the protective allele (genotype) (Uthoff et al., 2002).   
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When analysing differences between groups or relationship between 

variables, P value less than 0.05 (5.00 × 10-2) was considered statistically 

significant. 
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2. Results 

 

2.1. Characteristics of ankylosing spondylitis patients 

 

Analysis of whole AS group 

The study analysed the demographic and clinical data of 98 AS patients. 

Mean disease duration was 13.79 ± 8.29 years. The average age at onset of the 

first symptoms was 26.33 ± 6.82 years. An active disease has been observed in 

the majority of patients in the analysis of the mean parameters of the activity 

assessment: CRP 16.42 ± 21.20 mg/L, BASDAI 4.72 ± 2.26, ASDASCRP 3.01 ± 

1.38. The assessment of fatigue and back pain averaged above five – 5.34 ± 2.50 

and 5.55 ± 2.94, respectively. The mean score for extraspinal joint and global 

disease activity evaluation was on average below five – 3.41 ± 2.89 and  

4.94 ± 2.30, respectively. The mean scores of BASFI and BASMI showed 

impairment of these activities of 3.72 ± 2.69 and 3.89 ± 2.60, respectively. In the 

analysis of extraspinal manifestations of AS at the time of enrollment in the 

study, 33 (33.67 %) patients had a history or presence of uveitis and  

57 (58.16 %) patients had peripheral arthritis.  

An analysis of the groups of medicines used to treat AS patients showed 

that a total of 73 (74.49 %) patients were taking NSAIDs, and 25 (25.51 %) 

patients not taking NSAIDs at all. Ten (10.20 %) patients received 

glucocorticoid. In the sDMARDs analysis, four (4.08 %) patients received 

methotrexate and 34 (34.69 %) patients received sulfasalazine. During the study 

inclusion period from 2011 till 2013 bDMARDs (TNFα inhibitors) were taken 

by 18 (18.37 %) patients. Between 2011 and March 2019, 55 (56.12 %) AS 

patients enrolled in the study were treated with bDMARDs (TNFα inhibitors) 

therapy. 
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Characteristics of AS patients with uveitis 

Two groups of 33 (33.67 %) and 65 (66.33 %) patients were formed when 

dividing patients according to the history or presence of uveitis at the time of 

inclusion in the study. The groups were mutually compared according to the 

parameters chosen in the thesis. A statistically significant difference was found 

in only two parameters characterising the disease – the duration of the disease 

and the activity of the disease (ASDASCRP). No statistically significant difference 

was identified during the analysis of the other parameters.  

In patients with uveitis, the mean duration of the disease was higher 

(17.00 ± 7.93 years) compared to patients without uveitis (12.15 ± 8.04 years) 

(PMV = 5.61 × 10-3; η = 0.28). 

AS patients with uveitis were more likely to have low to moderate disease 

activity compared to the group without uveitis which had higher disease activity. 

These differences were statistically significant (Pχ = 9.84 × 10-3; V = 0.34). 

Characteristics of AS patients with peripheral arthritis 

Two groups of 57 (58.16 %) and 41 (41.84 %) patients were formed by 

stratifying patients according to the history or presence of peripheral arthritis at 

the time of the enrollment in the study. The two groups were compared with each 

other by a number of parameters. A statistically significant difference was found 

for two disease-specific parameters – CRP and joint pain self-assessment. In the 

analysis of other parameters, we did not obtain a statistically significant 

difference within the study.  

In patients with peripheral arthritis, the mean CRP was statistically higher 

compared to patients without peripheral arthritis (21.86 vs. 8.85 mg/L;  

PMV = 3.66 × 10-3; η = 0.30). Joint pain self-assessment was also statistically 

higher in patients with peripheral arthritis compared to patients without 

peripheral arthritis (4.54 vs. 1.83; PMV = 3.26 × 10-6; η = 0.47). 
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Characteristics of AS patients with uveitis and/or peripheral arthritis 

By dividing AS patients into four subgroups according to the presence or 

absence of extraspinal manifestations (uveitis and/or peripheral arthritis), it was 

found that four parameters – disease duration, CRP, ASDASCRP, self-reported 

joint pain – had a statistically significant difference.  

The longest duration of the disease (mean 18.00 ± 8.94 years) was in the 

group with both extraspinal manifestations, but the shortest duration of the 

disease (mean 11.92 ± 8.38 years) was found in the group without both 

manifestations (PKV = 4.60 × 10-2; η = 0.29). 

The highest CRP mean value was found in AS patients with peripheral 

arthritis alone (24.32 ± 27.95 mg/L). The lowest mean CRP was determined in 

the group of patients with uveitis alone (5.91 ± 6.76 mg/L). In the group with 

uveitis and peripheral arthritis it was 16.08 ± 15.04 mg/L. The mean value of 

CRP in the group without both manifestations was 10.74 ± 12.51 mg/L. 

Comparison of mean CRP values of four subgroups resulted in statistically 

significant difference (PKV = 1.57 × 10-2; η = 0.34).  

Similarly, high disease activity (ASDASCRP) was most frequently found 

in the group with only peripheral arthritis (57.50 %) and was the least frequent 

in the group with uveitis alone (6.25 %), whereas the highest proportion of 

inactive and low disease activity (ASDASCRP) was determined in the group with 

uveitis and without peripheral arthritis (25.00 % in both groups of activity 

assessment) (PKV = 2.20 × 10-3; V = 0.26). 

In the analysis of the average assessment of the visual pain score of the 

joints in four patient groups, the highest value was found in the AS patient group 

with both manifestations and the lowest value was found in the group only with 

uveitis (4.76 vs. 1.31; PKV = 4.29 × 10-5; η = 0.48). 

While comparing the other parameters in the analysis of four subgroups 

of AS patients, no statistically significant difference was obtained.  
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2.2. Polymorphisms of the ankylosing spondylitis candidate genes 

 

A total of 15 SNPs, which are localised in eight genes, were analysed. AS 

candidate genes are localised on chromosomes 1, 5, 6, 7, 19 and 20.  

The candidate gene polymorphisms are located at different gene 

positions: six SNPs in the exon, four SNPs in the intron, two SNPs in the pre-

gene region and the 3’UTR (untranslated region), one SNP in the 5’UTR.  

While comparing the frequency of minor alleles (MAF) of the SNPs in 

the 1000 Genomes Project of the European population 

(https://www.ncbi.nlm.nih.gov/bioproject/PRJEB6930)) and the study data, two 

SNPs differ: G alelle of the IRF5 rs2004640 and T allele of the TGFβ1 rs1800469 

are major alleles in the control group unlike MAF of the European population. 

In the case of PTPN22 rs2476601, the frequency of the minor allele in control 

group varies only at the frequency value: in Europe, the MAF is 0.0094, and in 

our study control group, 0.227; in the case of  TNFA rs1800629: in Europe, the 

MAF is 0.134, in our study control group – 0.247. The other SNPs MAF are 

similar to European population data. 

 

2.3. The link of ankylosing spondylitis candidate gene 

polymorphisms to the disease 

 

In the analysis of the genetic equilibrium of all loci, it was  found that the 

loci which had only two genotypes were not in the Hardy-Weinberg equilibrium: 

IRF5 rs2004640, IL23R rs11209026, PTPN22 rs2476601, TNFA rs1800629 and 

TGFβ1 rs1800469. No heterozygous form was found in the mentioned SNPs in 

AS patients and control group. The only locus, in which genotypes were not in 

the Hardy-Weinberg equilibrium in one of the groups but all three genotype 

https://www.ncbi.nlm.nih.gov/bioproject/PRJEB6930
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forms were present, was ERAP1 rs30187 (the analysis revealed that heterozygous 

GA genotype was more frequent than GG genotype formed by the major allele).  

Distribution of the alleles 

In the analysis of the distribution of alleles of all 15 SNPs in the AS patient 

and control groups, a statistically significant difference was observed in CD40 

rs4810485, TNFA rs1800629 and PTPN22 rs2476601. For the rest of the SNPs, 

no statistically significant difference was identified when comparing the case and 

control groups.  

In the CD40 rs4810485, the minor allele was T in both groups, but it was 

11 % more frequent in the case group (28.57 vs. 17.53 %; Pχ = 3.45 × 10-3;  

V = 0.13). The relationship between the AS and the allelic distribution was weak. 

This allele had a trend of risk form but the risk was not clinically significant  

(OR = 1.88 [1.23 ... 2.88]) (see Fig. 2.1). 

 

Figure 2.1. Distribution of alleles of CD40 rs4810485 in the control and 

ankylosing spondylitis (AS) groups  
Columns – frequency of the allele in the group, Px – statistical significance of the 

differences according to the contingency table, V – Cramer’s V coefficient,  

OR – odds ratio for the minor allele. 
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In the case of TNFA rs1800629 polymorphism, the minor allele in both 

groups was A. In the AS group it was 14 % less common than in controls 

(10.20 vs. 24.68 %; Pχ = 5.50 × 10-5; V = 0.18) (see Fig. 2.2). The A allele showed 

a tendency for a protective allele that reduced the risk of AS (OR =  

0.35 [0.20 ... 0.59]). 

 

  

Figure 2.2. Distribution of alleles of TNFA rs1800629 in the control and 

ankylosing spondylitis (AS) groups  
Columns – frequency of the allele in the group, Px – statistical significance of the 

differences according to the contingency table, V – Cramer’s V coefficient, OR – odds 

ratio for the minor allele. 

 

In the PTPN22 rs2476601 polymorphism, the minor allele was T in both 

groups, but this allele was 10 % more frequent in the AS group (32.65 vs. 

22.73 %; Pχ = 1.39 × 10-2; V = 0.11) (see Fig. 2.3). There was a trend for the risk, 

but it was not clinically significant (OR = 1.65 [1.11 ... 2.46]). 
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Figure 2.3. Distribution of alleles of PTPN22 rs2476601 in the control and 

ankylosing spondylitis (AS) groups 
Columns – frequency of the allele in the group, Px – statistical significance of the 

differences according to the contingency table, V – Cramer’s V coefficient, OR – odds 

ratio for the minor allele. 

 

 

Distribution of the genotypes 

The statistically significant difference between the AS and the control 

group in the genotype distribution remained only for two SNPs: CD40 rs4810485 

and TNFA rs1800629. 

 
  

Figure 2.4. Distribution of genotypes of CD40 rs4810485 polymorphism in 

the control and ankylosing spondylitis (AS) group 
Columns – frequency of the genotypes in the group, Px – statistical significance of the 

differences according to the contingency table, V – Cramer’s V coefficient, OR –  

odds ratio for the risk genotype. 
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In the case of CD40 rs4810485, the most frequent genotype was GG  

(see Fig. 2.4). The distribution of all three genotypes in the control and AS groups 

was different (Pχ = 6.03 × 10-3; V = 0.20), and a statistically significant 

association was found between AS and genotypes. Of all three genotypes, two 

genotypes in the adaptive and multiplicative model showed signs of risk 

genotypes. For the GT genotype, the OR was 2.42 [1.38 ... 4.25] in the adaptive 

model and 2.26 [1.31 ... 3.91] in the multiplicative model. In both cases a high 

but not clinically significant level of risk was seen. In addition, it should be noted 

that the GG form had markedly high levels of protective genotype in the 

multiplicative model (OR = 0.43 [0.25 ... 0.73]).  

In the case of TNFA rs1800629, only two genotypes were detected in both 

groups: homozygous forms of both alleles. Of the genotypes detected, the rare 

AA genotype was the protective form (OR = 0.35 [0.16 ... 0.73]) (see Fig. 2.5). 

This genotype was found to be 24.68 % in the control group and twice less in the 

AS group – 10.20 % (Pχ = 4.35 × 10-3; V = 0.18). The GG genotype was a form 

of risk (ORM = 2,88 [1,36 ... 6,10]). 

 

  

Figure 2.5. Distribution of genotypes of TNFA rs1800629 in the control and 

ankylosing spondylitis (AS) group 
Columns – frequency of the genotypes in the group, Px – statistical significance of the 

differences according to the contingency table, V – Cramer’s V coefficient,  

OR – odds ratio for the risk genotype. 
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2.4. The link of ankylosing spondylitis candidate gene 

polymorphisms to the extraspinal manifestations of the disease 

– uveitis and peripheral arthritis 

 

All samples of AS patients were divided into smaller groups following 

the presences of uveitis or peripheral arthritis. Uveitis was identified in 33 

(33.67 %) patients, peripheral arthritis – in 57 (58.16 %) patients.  

The relationship of candidate gene polymorphisms of AS to uveitis 

Analysis of the distribution of the alleles of the entire 15 SNPs following 

the presence of uveitis showed that a statistically significant difference was 

observed for IL10 rs1800896 (see Fig. 2.6), which was not linked to the disease 

as a whole.  

 
  

Figure 2.6. Distribution of IL10 rs1800896 alleles in the ankylosing 

spondylitis group with and without uveitis 
Columns – frequency of the alleles in the group, Px – statistical significance of 

the differences according to the contingency table, V – Cramer’s V coefficient,  

OR – odds ratio for the risk allele. 
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The minor allele of IL10 rs1800896 was G. In the group with uveitis, this 

allele was 21 % less frequent than in the group without uveitis (31.82 vs. 

53.08 %; Pχ = 4.76 × 10-5; V = 0.20). The G allele was in the protective form 

against the development of uveitis (OR = 0.41 [0.22 ... 0.47]). The major A allele 

was the risk form for the ocurrence of uveitis (OR = 2.42 [1.30 ... 4.52]). 

There was a statistically significant difference in the distribution of 

genotypes between the groups with and without uveitis: it was maintained with 

IL10 rs1800896 and revealed in the case of IRF5 rs3757385 polymorphism. 

In the case of IL10 rs1800896 (see Fig. 2.7), heterozygous genotype with 

similar frequency was found in both groups, while the distribution of both 

homozygous genotypes was significantly different (Pχ = 1.08 × 10-2; V = 0.30). 

The homozygous genotype (GG) of the minor allele was the uveitis protective 

form with clinical significance: OR 0.15 [0.04 ... 0.64] in the adaptive model and 

0.31 [0.08 ... 1.14] in the multiplicative model. In addition, in the multiplicative 

model, the risk level for homozygous genotype (AA) of the major allele was 

clinically significant – OR 3.68 [1.45 ... 9.31]. 

  
  

Figure 2.7. Distribution of IL10 rs1800896 genotypes in the ankylosing 

spondylitis group with and without uveitis 
Columns – frequency of the genotypes in the group, Px – statistical significance of the 

differences according to the contingency table, V – Cramer’s V coefficient,  

OR – odds ratio for the risk genotype. 
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IRF5 rs3757385 (see Fig. 2.8) had a similar frequency in both groups to 

the TT genotype, with the other two genotypes having opposite distributions  

(Pχ = 2.96 × 10-2; V = 0.27). The frequent genotypes were different: GT was the 

genotype of uveitis risk (ORA 3.77 [1.35 ... 10.48]), GG genotype was the 

protective form (ORM 0.33 [0.13 ... 0.88]). 

 
  

Figure 2.8. Distribution of IRF5 rs3757385 genotypes in the ankylosing 

spondylitis group with and without uveitis 
Columns – frequency of the genotypes in the group, Px – statistical significance of the 

differences according to the contingency table, V – Cramer’s V coefficient,  

OR – odds ratio for the risk genotype. 

 

The relationship of candidate gene polymorphisms of AS to peripheral 

arthritis 

Analysis of the distribution of all SNPs alleles according to the presence 

of peripheral arthritis revealed that a statistically significant difference was 

observed in TGFβ1 rs1800469. 

When analysing the control and AS groups for TGFβ1 rs1800469, the 

minor allele was C which differed from the analysis data of the AS group with 

and without peripheral arthritis (Pχ = 1.93 × 10-2; V = 0.17) (see Fig. 2.9). Thus, 

the major T allele of the control group was the risk allele for the development of 
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peripheral arthritis in AS (OR = 1.98 [1.11 ... 3.54]), while the minor allele C 

was with a protective effect (OR = 0.50 [0.28 ... 0.90]). 

 

  

Figure 2.9. Distribution of TGFβ1 rs1800469 alleles in the ankylosing 

spondylitis group with and without peripheral arthritis 
Columns – frequency of the alleles in the group, Px – statistical significance of the 

differences according to the contingency table, V – Cramer’s V coefficient,  

OR – odds ratio for the risk allele. 

 

 

A statistically significant difference between groups of AS with and 

without peripheral arthritis was observed in ERAP1 rs10050860 (see Fig. 2.10). 

In this case, the homozygous form (AA) of the minor allele was not detected in 

patients with peripheral arthritis but was found in two (4.88 %) patients without 

this symptom (Pχ = 1.26 × 10-2; V = 0.30). Thus, this genotype (AA) could be 

considered (OR was not calculated, as it was not determined in one of the groups) 

as a protective form (ORA = 0.48 [0.38 ... 0.61]; ORM = 0.41 [0.32 ... 0.52]), but 

we could mark the heterozygous form (GA) with ORA = 3.68 [1.24 ... 10.88] and 

ORM = 3.89 [1.32 ... 11.48] as a risk genotype. The homozygous form of the 

major allele also could be considered as a protective genotype with ORM = 0.38 

[0.14 ... 1.01]. 
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Figure 2.10. Distribution of ERAP1 rs10050860 genotypes in the ankylosing 

spondylitis group with and without peripheral arthritis 
Columns – frequency of the genotypes in the group, Px – statistical significance of the 

differences according to the contingency table, V – Cramer’s V coefficient, 

 OR – odds ratio for the risk genotype. 

 

The relationship of the polymorphisms of AS candidate genes with uveitis 

and peripheral arthritis 

In analysis of the distribution of the alleles and the genotypes of all the 

SNPs following the existence of both manifestations, it was found that a 

statistically significant difference was observed for ERAP1 rs10050860 – the 

polymorphism which was not associated with the disease but had statistically 

significant link to the AS peripheral arthritis. The statistically significant 

difference for the distribution of alleles between the four subgroups in patients 

with and/or peripheral arthritis was not found, but it was found for the 

distribution of genotypes (P = 3.21 × 10-2; V = 0.27) (see Fig. 2.11). According 

to the results, the AA genotype was identified only in patients without both 

manifestations. It was not found in the other three groups. In addition, GA 

genotype was significantly more frequent in patients with peripheral arthritis 

alone compared to the rest of subgroups (including more than five times 
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compared to the group without two analysed extraspinal manifestations  

(39.20 vs. 7.84 %)).  
  

Figure 2.11. Distribution of ERAP1 rs10050860 genotypes in the ankylosing 

spondylitis group with uveitis (UV) and/or peripheral arthritis (PA) 
Columns – frequency of the genotypes in the group, Px – statistical significance of the 

differences according to the contingency table, V – Cramer’s V coefficient. 

 

 

In the determination of the OR for each genotype, the homozygous form 

formed by the major allele was taken as a reference value. The subgroups of AS 

were analysed by the presence of uveitis and/or peripheral arthritis, and each 

subgroup was compared with the subgroup without both manifestations.  

The results indicated that GA genotype in AS patients increased the chance of 

obtaining any of the analysed extraspinal manifestations: for uveitis and 

peripheral arthritis - ORM 3.54 [0.57 ... 22.03]; for uveitis alone – ORM 2.65 

[0.39 ... 18.00]; for peripheral arthritis – ORM 7.67 [1.58 ... 37.12]. Thus, the 

results confirmed previously established data that ERAP1 rs10050860 GA 

genotype was a particularly significant risk form for the manifestation of the AS 

peripheral arthritis.  

The second locus where we found statistically significant difference 

between the four patient subgroups was in the distribution of the alleles of IL10 
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rs1800896 (see Fig. 2.12). In the subgroups of patients with peripheral arthritis 

alone and without both manifestations the distribution of alleles was similar to 

the control and AS groups, while in the other two subgroups of AS patients, 

uveitis and both extraspinal manifestations were less frequent in the case of the 

G allele. In the control and AS group, the G allele was seen averagely in  

46.01 %, in the AS group with uveitis and peripheral arthritis – in 38.24 % and 

in the AS group with uveitis alone – in 25.00 %. The differences obtained were 

statistically significant (P = 2.73 × 10-2; V = 0.22). Thus, these results reaffirmed 

the link of IL10 rs1800896 G allele to the uveitis in AS patients.  

 

Figure 2.12. Distribution of IL10 rs1800896 alleles in the ankylosing 

spondylitis group with uveitis (UV) and/or peripheral arthritis (PA) 
Columns – frequency of the alleles in the group, Px – statistical significance of the 

differences according to the contingency table, V – Cramer’s V coefficient. 
 

 

2.5. The link of multilocus haplotypes with ankylosing spondylitis 

and its extraspinal manifestations 

 

Combinations of haplotypes for both control and AS patient groups were 

formed according to three principles: 1) within a single gene when analysed at 
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least three polymorphisms; 2) common signaling pathway protein genes;  

3) combinations with SNPs associated with AS or its extraspinal manifestations. 

In the first group we identified haplotypes by analysing the ERAP1, IL23R and 

IRF5 genes. In the second group, we determined haplotypes by forming them 

between the TNF family signaling pathway protein genes (TNFA and CD40) and 

among genes encoding proteins of TNFα, T lymphocyte and dendritic cell 

interaction signaling pathways (IL10, TGFβ1, IRF5 and PTPN22). In the third 

group the haplotypes made from TNFA rs1800629, CD40 rs4810485 and 

PTPN22 rs2476601 were analysed in the context of AS; in the case of AS uveitis 

– analysis of haplotypes formed by IRF5 rs3757385 and IL10 rs1800896; in the 

case of peripheral arthritis – analysis of haplotypes formed by ERAP1 

rs10050860 and TGFβ1 rs1800469; in the case of both extraspinal manifestations 

– analysis of haplotypes formed by IRF5 rs3757385, ERAP1 rs10050860, IL10 

rs1800896 and TGFβ1 rs1800469.  

For the haplotypes created, we analysed the relationship with AS and its 

extraspinal manifestations, depending on the association of the SNPs.   

 

2.5.1.  Haplotypes within the single gene 

 

When comparing the distribution of the haplotypes made from the SNPs 

of the single gene – ERAP1, IL23R or IRF5 – a statistically significant difference 

in the comparison of the control and AS groups was not observed.  

Analysis of these haplotypes in the context of extraspinal manifestations did not 

find any statistically significant difference of the ERAP1 and IL23R genes.  

In the individual analysis of the third gene, IRF5, a statistically significant 

association between the distribution of haplotypes and the presence of AS uveitis 

was found (Pχ = 2.97 × 10-2; V1 = 0.22). While analysing these data (see Fig. 

2.13), it was observed, firstly, that the most frequent haplotype GTT 
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(rs10954213/ rs2004640/ rs3757385) was made from the minor alleles of these 

SNPs. 

 
  

Figure 2.13. Distribution of the haplotypes of the IRF5  SNPs (rs10954213/ 

rs2004640/ rs3757385) in the ankylosing spondylitis group with and 

without uveitis  
Columns – frequency of the haplotypes in the group, the rare haplotypes are underlined, 

Px – statistical significance of the differences according to the contingency table, V – 

Cramer’s V coefficient, OR – odds ratio of the protective haplotype. 
 

The AGG haplotype made from the major alleles was seen approximetily 

in 20.00 % of AS patients and controls, but the GTT haplotype was present in 

37.76 % and 38.31 %, respectively. Secondly, the haplotype GGG was 

determined only in patients without uveitis (7.69 %). The findings indicated that 

the particular haplotype was a protective form against uveitis. Another protective 

haplotype was AGG, which was observed in 18.18 % of patients with uveitis and 

30.00 % without uveitis (ORM 0.58 [0.28 ... 1.20]; ORA 0.45 [0.20 ... 1.00]). 

Thirdly, the most frequent GTT haplotype was found to be the risk form for the 

development of uveitis – it was found in 45.45 % of patients with uveitis and in 

33.85 % of patients without uveitis (ORM 1.84 [1.01…3.35]).  

Analysis of IRF5 haplotypes in patients with and without peripheral 

arthritis as well as comparison of all AS four subgroups did not show any 

statitically significant difference.  
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2.5.2.  Haplotypes within the genes coding the proteins of the TNF 

family signaling pathway  

 

A statistically significant difference (Pχ = 1.24 × 10-5; V = 0.22) in the 

distribution of haplotypes formed by the SNPs of the TNFA and CD40 genes 

from the TNF signaling pathway was found during the analysis of the AS and 

control groups (see Fig. 2.14). In the data analysis it was found that the GG 

haplotype made by the major alleles of both SNPs (TNFA rs1800629 and CD40 

rs4810485) was also the most frequent haplotype in both patient and control 

groups. The frequency was similar in both groups: 63.27 vs. 61.69 %. Following 

the analysis of frequencies of the haplotypes and OR, it was determined that the 

haplotype AG was disease-protective (ORM = 0.34 [0.19 ... 0.61]; ORA = 0.38 

[0.21 ... 0.69]), but the haplotype GT – the risk form (ORM = 2.29 [1.45 ... 3.60]; 

ORA = 1.90 [1.19 ... 3.02]). 

 
 

Figure 2.14. Distribution of the haplotypes of the TNFA rs1800629 and 

CD40 rs4810485 in the control and ankylosing spondylitis (AS) group 
Columns – frequency of the haplotypes in the group, the rare haplotypes are underlined, 

Px – statistical significance of the differences according to the contingency table, V – 

Cramer’s V coefficient, OR – odds ratio. 
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No statistically significant differences were found (Pχ > 0.05) in the 

analysis of the subgroups of uveitis and/or peripheral arthritis mentioned above.  

 

2.5.3.  Haplotypes formed by the SNPs of the genes encoding the 

signaling pathway of interaction of TNFα, T lymphocytes and 

dendritic cells 

 

Analysis of polymorphisms localised in the genes or associated with the 

genes encoding proteins of the signaling pathway of the interaction between 

TNFα, T lymphocytes and dendritic cells – IL10, TGFβ1, IRF5 and PTPN22, 

revealed 63 haplotypes out of 128 haplotypes which were calculated 

theoretically. When selecting rare haplotypes (frequency of less than 5.00 %), 

five haplotypes remained, which covered 25.51 % (AS) and 36.04 % (control) of 

the samples. Since it was less than one-third of the patient samples, it was decided 

to change the loci included in the haplotypes. Regarding the aspect that proteins 

encoded by IL10 and TGFβ1 share a common signaling pathway, combinations 

of haplotypes using these SNPs were formed. In addition, the SNP of IL10 was 

linked to uveitis and TGFβ1 rs1800469 was associated with peripheral arthritis.  

While analysing the distribution of haplotypes formed by IL10 rs1800896 

and TGFβ1 rs1800469 and rs1800470 in AS and control gropus, eight possible 

haplotypes were identified, two of which were rare. The most frequent haplotype 

in the AS group was ATC (IL10 rs1800896 / TGFβ1 rs1800469 / TGFβ1 

rs1800470) with the major alleles in the two loci, and in the control group – ACT. 

The most frequent haplotype used as reference haplotype was ACT, which 

detected in 20.41 % of AS patients and 24.03 % of controls. Comparison of the 

distribution of haplotypes did not find statistically significant difference.  
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Figure 2.15. Distribution of the haplotypes (without rare forms) of the IL10 

(rs1800896) and TGFβ1 (rs1800469 and rs1800470) in the ankylosing 

spondylitis group (A) with and without uveitis (UV) and (B) with uveitis 

and/or peripheral arthritis (PA) 
Columns – frequency of the haplotypes in the group, Px – statistical significance of the 

differences according to the contingency table, V – Cramer’s V coefficient. 

 

In the analysis of the mentioned distribution of the haplotypes in the 

uveitis and peripheral arthritis AS subgroups it was no longer so similar.  

A statistically significant difference was found in the analysis of two groups (see 

Fig. 2.15A) – with uveitis and without uveitis (Pχ = 2.08 × 10-2 (V = 0.27) without 

rare haplotypes or Pχ = 1.29 × 10-2 (V = 0.30) with rare haplotypes), as well as in 

the analysis of all four subgroups (see Fig. 2.15B): the subgroup with uveitis, the 

subgroup with peripheral arthritis, the subgroup with both manifestations and the 

group without these manifestations (Pχ = 1.90 × 10-2 (V = 0.22) without rare 

haplotypes or Pχ = 2.18 × 10-2 (V = 0.25) with rare haplotypes). 

In the analysis of the frequency of haplotypes in the subgroups of AS 

extraspinal manifestations it was found that three haplotypes out of four with the 

minor allele G of IL10 SNP were significantly less common in patients with 

uveitis in comparison with patients without uveitis. Haplotypes GCC and GTC 

were absent or very rare in patients with uveitis, but haplotype GCT was more 

than three times more frequent in patients with uveitis than in patients with 

uveitis and peripheral arthritis. Thus, haplotypes GCC and GTC protect against 
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uveitis in AS, but haplotype GCT is the protective form against peripheral 

arthritis in patients with uveitis (ORM = 0.27 [0.05 ... 1.45]). 

Analysis of these three haplotypes for uveitis only determined that all 

three were protective forms against uveitis with OR ranging from 0.17 to 0.46.  

In the position of the fourth haplotype with the allele G in the IL10 

rs1800896 polymorphism or in the case of the haplotype GTT the situation was 

different: its frequency was significantly higher in the group with peripheral 

arthritis and uveitis compared with other three groups – 26.47 vs. 3.13 % in the 

group with uveitis alone (ORM = 11.16 [1.32 ... 94.11]); in the group with 

peripheral arthritis alone - 11.25 % (ORM = 2.84 [1.01 ... 7.96]); in the group 

without both manifestations – 10.00 % (ORM = 3.24 [0.98 ... 10.73]). Thus, the 

data were obtained that the particular haplotype was a form of risk for the 

development of both AS extraspinal manifestations as well as for the 

development of second manifestation for patients with the presence of uveitis or 

peripheral arthritis. 

Haplotype GTT for uveitis alone did not exhibit a markedly high OR, 

indicating that it was important for both manifestations.  

The second risk haplotype for extraspinal manifestations was ACT, which 

was twice as common in patients with uveitis compared to patients without 

uveitis (30.30 vs. 15.38 %), serving as a risk form for the development of uveitis 

in AS patients (ORM = 2.39 [1.18 ... 4.86]). In the analysis of four subgroups (see 

Fig. 3.15B) it was found that the difference in the frequency of haplotypes 

between patients with uveitis alone or peripheral arthritis alone and patients with 

uveitis and peripheral arthritis was 10–12 %, but with opposite tendencies. The 

OR for peripheral arthritis in patients with uveitis was 0.51 [0.18 ... 1.49] and for 

uveitis in patients with peripheral arthritis was 1.93 [0.70 ... 5.33]. Thus, the 

particular haplotype reduced the chance of development of peripheral arthritis in 

patients with uveitis and increased the risk of uveitis in peripheral arthritis 

patients. 
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2.5.4.  Haplotypes of the linked SNPs 

 

Three SNPs were found to be associated with the disease as a whole: 

TNFA rs1800629 with the risk allele G, CD40 rs4810485 with the risk allele T 

and PTPN22 rs2476601 with the risk allele T. Thus, based on individual SNP 

association analysis results, haplotype GTT (TNFA rs1800629, CD40 rs4810485, 

PTPN22 rs2476601) should be at high risk for the development of AS. 

When analysing the data, it was determined that in the control group all 

eight possible haplotypes were found, whereas in the AS group – only seven. 

When evaluating both groups, only two could be considered as rare haplotypes. 

In both groups, haplotype GGC was the most frequently detected form with 

frequencies of 40.82 % in the AS group and 48.38 % in the control group (see 

Fig. 2.16). The distribution of the six statistically analysed haplotypes in the 

control and AS groups was statistically significantly different (Pχ = 3.87 × 10-6). 

When analysing distribution of haplotypes (see Fig. 2.16) and the OR test 

results, it was found that three forms of haplotypes were protective of AS and 

threee forms were risk haplotypes. The highest risk level was for the predicted 

haplotype GTT, which contained the risk alleles of all three loci and was found 

in 9.18 % of AS patients, but only in 2.92 % of the control group. This haplotype 

increases the possibility of developing AS more than 3.5 times (ORA = 3.73 

[1.60 ... 8.67] and ORM = 3.36 [1.48 ... 7.64]). The other two haplotypes that 

were found to be at increased risk but not of clinical significance were GTC 

(17.35 vs. 10.71 %) and GGT (22.45 vs. 13.31 %). After analysis of haplotypes 

loci it was detected that all three risk forms had the risk allele G at the TNFA 

rs1800629 locus.  
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Figure 2.16. Distribution of the haplotypes (without rare forms) of the 

TNFA rs1800629, CD40 rs4810485, PTPN22 rs2476601 in the control and 

the ankylosing spondylitis (AS) groups  
Columns – frequency of the haplotypes in the group, Px – statistical significance of the 

differences according to the contingency table, V – Cramer’s V coefficient. 

 

When looking at haplotypes protecting against AS development: GGC, 

AGC and AGT, it was found that the CD40 rs4810485 locus had protective allele 

G in all three cases. The highest protective level had the haplotype AGT, which 

reduced the likelihood to develop the disease 4.5–5.6 times (ORA = 0.22 

[0.05 ... 0.97], ORM = 0.18 [0.04 ... 0.77]). For the other two haplotypes the OR 

ranged from 0.43 to 0.74. 

A statistically significant association with uveitis was found for two 

SNPs: IRF5 rs3757385 with a potential (genotype only) risk allele T and IL10 

rs1800896 with the risk allele A. Upon analysis of all four possible haplotypes, 

the most frequent haplotype differed in AS group with uveitis from the group 

without uveitis (see Fig. 2.17): the most frequent haplotype in the AS group with 

uveitis was TA, but in the group without uveitis – GG haplotype  

(Pχ = 2.20 × 10-2). Haplotype TA had a high but not clinically significant OR 

(ORA = 2.91 [1.32 ... 6.41], ORM = 2.37 [1.24 ... 4.52]). The second risk 

haplotype was GA. The highest protective effect was found for the GG haplotype 

(ORM = 0.52 [0.26 ... 1.02]). 
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Figure 2.17. Distribution of the haplotypes (without rare forms) of the IRF5 

rs3757385 un IL10 rs1800896 in the ankylosing spondylitis group with and 

without uveitis  
Columns – frequency of the haplotypes in the group, Px – statistical significance of the 

differences according to the contingency table, V – Cramer’s V coefficient. 
 

Statistically significant association was found with peripheral arthritis for 

two SNPs: ERAP1 rs10050860 with the risk genotype GA (both homozygous 

genotypes were protective) and TGFβ1 rs1800469 with the risk alle T. In the 

analysis of the distribution of the haplotypes formed by these two SNPs in the 

group with and without peripheral arthritis, it was found that the frequency 

differences between the groups were not statistically significant (Pχ = 0.07). This 

could be explained by the fact that in the case of ERAP1 rs10050860, the 

significance was on the level of genotypes, not alleles and the GA genotype was 

a form of risk. 

When combining uveitis and peripheral arthritis-associated SNPs loci in 

a single haplotype, IRF5 rs3757385, ERAP1 rs10050860, IL10 rs1800896 and 

TGFβ1 rs1800469 analysis data were used for detection of relationship with AS 

uveitis and/or peripheral arthritis. Analysis of the distribution of the frequency 

of haplotypes in four groups of AS patients revealed that the frequency difference 
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was not statistically significant (Pχ = 0.16). Thus, all four loci were unrelated to 

uveitis and/or peripheral arthritis. 

 

2.6. The link of the ankylosing spondylitis candidate gene 

polymorphisms to the disease biomarkers 

 

In the study, the association of the alleles and/or genotypes of the selected 

candidate gene polymorphisms were analysed with the disease assessment 

biomarkers chosen according to the data of scientific publications and current 

issues in clinical work: the age at the onset of first AS symptoms, the assessment 

of spinal structural damage (mSASSS) and the efficacy of the first treatment year 

with bDMARDs (TNFα inhibitors) assessed by BASDAI (BASDAI < 4 or 

reduction of BASDAI value by two units from baseline without worsening 

during the year), the transition of the disease to the inactive form (BASDAI < 4), 

and the trends of the disease activity changes. 

 

2.6.1. The age at the onset of first ankylosing spondylitis symptoms 

 

In the study, it was analysed whether the candidate gene polymorphisms 

affect the age at the onset of first AS symptoms. The median age at the onset of 

first symptoms in 98 AS patients was 26.33 ± 6.82 (CI 95 % 24.96 ... 27.69) 

years with a range from 18 to 45 years. When comparing genotypes to the age of 

the onset of first AS symptoms, it was found that none of the 15 SNPs had a 

statistically significant effect on this aspect (P > 0.05).  
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2.6.2. The assessment of spinal structural damage (mSASSS) 

 

Patients had a mean mSASSS of 23.41 ± 21.32 (CI 95 % 18.95 ... 27.88) 

with a range from 0 to 35. The value of mSASSS at a given time was dependent 

on the disease duration. Patients had a mean disease duration of 13.79 ± 8.29  

(CI 95 % 12.12 ... 15.45) years with an interval of 1 to 35. In addition, it was 

determined that mSASSS had a moderately significant (ρ = 0.49) correlation with 

BASFI (Pr = 9.98 × 10-7) and a significant (ρ = 0.77) correlation with BASMI 

(Pr = 6.23 × 10-19). 

As a result of the analysis, it was found a statistically significant  

(Pr = 9.00 × 10-6) moderate (ρ = 0.45) correlation between the radiological data 

(mSASSS) and the duration of the disease. Using simple linear regression, it was 

determined that 15.21 % (R2 = 0.15) of the mSASSS value was based on the 

disease duration with the equation: mSASSS = 9.12 + 1.04 × SI, where SI is the 

duration of the disease (PR = 1.45 × 10-4). Thus, it was concluded that mSASSS 

increased by 1.04 points as the disease duration increased by one year.  

However, regression analysis showed that there was another factor that 

affected mSASSS. It was assumed that one of such factors could be a genetic 

factor. In order to determine the potential effects of genotypes, when conducting 

the analysis, two aspects were considered: 1) duration of the disease; 

2) variability of mSASSS over time. Thus, multiple regression analysis was used 

to determine whether the genotype also affects the mSASSS value. The effects 

of the genotype could be judged if: 1) the regression model – mSASSS = B + 

SI × x1 + Genotype × x2 (x1 and x2 are regression coefficients) – was statistically 

significant; 2) the statistical significance PRF of the genotype or the individual 

factor was less than 0.05.  
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In addition, by knowing the volume of the effect of the disease duration 

on mSASSS (15.21 % or 0.15), it was possible to calculate the preliminary effects 

of the genotype.  

In cases where statistically significant effects of the genotypes of the 

candidate gene SNPs were identified, analysis of non-parametric indices was 

conducted to determine the difference of mSASSS between genotypes in patients 

with the AS duration up to 15 years (inclusive) and patients with the AS duration 

of more than 15 years.  

In the processing of all candidate gene polymorphisms using regression 

analysis, a statistically significant regression equation was found only for one 

SNP – IRF5 rs10954213 which had a statistically significant effect on mSASSS  

(PRF = 2.28 × 10-2). In this case the explainable part of mSASSS increased to  

20.14 %, an increase by 4.93 %, which could be explained by the genetic factor. 

The final equation of this regression model was mSASSS = –4.75 + 1.11 × SI + 

6.59 × Genotype, with genotype values of 1, 2 and 3 for genotypes AA, AG, GG 

(AA was the most frequent genotype), respectively. Thus, we could notice that 

mSASSS was higher in the case of homozygous genotype of the minor G allele. 

When categorising all patients by the genotypes of IRF5 rs10954213  

(see Fig. 2.18), the effect of the disease duration on mSASSS was found to be 

significantly higher in the case of the minor allele GG genotype than in the 

presence of the major allele genotype AA (R2 was 40.49 vs. 0.56 %; in the case 

of AG genotype – R2 = 20.66 %). 

For AA genotype of the major allele, the regression model was not 

statistically significant, but for the other two genotypes statistically significant 

data were obtained (PR < 0.02). For GG genotype, each subsequent year of the 

disease in the 40.49 % of the cases increased the mSASSS value by 1.72 points, 

but in case of the AG genotype – by 1.37 points. For the homozygous genotype 

of the major allele, this increase would be only 0.15 points, if the regression 

model had been significant.  
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Figure 2.18. Impact of the disease duration to the mSASSS value of 

the ankylosing spondylitis patients with different genotypes of IRF5 

rs10954213 

 

When dividing patients by the disease duration and the mSASSS 

according to the genotype of IRF5 rs10954213, it was determined that mSASSS 

(median) did not differ statistically significantly between the groups (PKV = 0.95) 

in patients with disease duration up to 15 years (inclusive). In patients with the 

disease duration above 15 years, mSASSS was statistically different  

(PKV = 1.53 × 10-2). Both the median and the mean mSASSS values were greater 

in patients with GG genotype. 

Thus, in the analysis of IRF5 rs10954213, it was noticed that the minor 

allele (in both homozygous and heterozygous genotypes) was a risk form for a 

pronounced increase in mSASSS, along with an extension of the disease period 

for each year.  

 



50 

 

2.6.3. The relationship and possible impact of the candidate gene 

polymorphisms of ankylosing spondylitis on the efficacy of the 

treatment with TNFα inhibitors 

 

A subgroup was created from the 98 AS patient group who were taking 

one of the TNFα inhibitors during the enrollment in the study or started this 

treatment in the period until March 2019. A total of 54 (55.10 %) patients were 

selected. In these patients the efficacy of the treatment with TNFα inhibitors was 

assessed during the first year of its administration by analysing BASDAI and its 

changes in dynamics.  

Patients were divided into two groups according to the efficacy of the 

treatment: positive (BASDAI < 4 or BASDAI reduction by two units from 

baseline without deterioration during the year) and negative (BASDAI decrease 

by less than two units from baseline at the end of the assessment period) as well 

as according to the disease activity after first year of the treatment: active 

(BASDAI ≥ 4) or inactive (BASDAI < 4) disease. The distribution of the alleles 

and genotypes of the candidate gene polymorphisms was determined between 

the established groups.   

Among first-year treatment users of TNFα inhibitors, 41 (75.93 %) 

patients demonstrated therapeutic efficacy, and 13 (24.07 %) did not have a 

defined therapeutic effect. After one year of treatment, disease activity remained 

in 21 (38.89 %) patients, and inactive disease was observed in 33 (61.11 %) 

patients.   

Following the data obtained, it was found that the tested candidate gene 

SNPs were not statistically significantly related to the defined efficacy of the 

treatment with TNFα inhibitors.  

In the analysis of the distribution of the alleles and genotypes in the 

groups depending on BASDAI following the first year of the treatment with 
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TNFα inhibitors, it was found that the distribution of the alleles or genotypes of 

three gene SNPs (TNFA rs1800629, ERAP1 rs10050860 and IL10 rs1800896) 

was statistically significantly related to the disease activity. 

In the case of TNFA rs1800629, none of the patients with active disease 

and treated with the TNFα inhibitors had a minor allele A, but it was detected in 

9.09 % of patients with inactive disease (Pχ = 4.44 × 10-2 (V = 0.19)). The OR 

could not be calculated because one of the alleles was not present in both groups. 

 
  

Figure 2.19. Distribution of the genotypes of the ERAP1 rs10050860 in the 

ankylosing spondylitis (AS) group according to the efficacy of the first year 

treatment with TNFα inhibitors 
Columns – frequency of the genotypes in the group, Px – statistical significance of the 

differences according to the contingency table, V – Cramer’s V coefficient, OR – odds 

ratio. 

 

ERAP1 rs10050860 GG genotype was identified in 84.85 % of patients 

with inactive disease and in 57.14 % of patients with active disease  

(Pχ = 2.24 × 10-2 (V = 0.36); see Fig. 2.19.). This genotype contributed to the 

transition of the disease into an inactive form during the first year of the treatment 

with TNFα inhibtors (ORM = 4.20 [1.16 ... 15.19]). Genotype GA was a form 

contributing to the maintenance of the disease activity (ORA = 0.19 

[0.05 ... 0.74]; ORM = 0.18 [0.05 ... 0.71]). 
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The relationship of IL10 rs1800896 was found based on the distribution 

of the genotypes (Pχ = 2.10 × 10-2 (V = 0.37); see Fig. 2.20). Genotype GA 

contributed to the maintenance of the disease activity during the treatment with 

TNFα inhibitors (ORA = 0.47 [0.13 ... 1.69]; ORM = 0.25 [0.08 ... 0.88]). 

 
  

Figure 2.20. Distribution of the genotypes of the IL10 rs1800896 in the 

ankylosing spondylitis (AS) group according to the efficacy of the first year 

treatment with TNFα inhibitors 
Columns – frequency of the genotypes in the group, Px – statistical significance of the 

differences according to the contingency table, V – Cramer’s V coefficient, OR – odds 

ratio. 

 

In addition to the results of the specific treatment, the effects of the 

genotype on changes in BASDAI after twelve months of the treatment with 

TNFα inhibitors were analysed in comparison with the baseline data. On average, 

BASDAI changed by 2.87 ± 1.77 units (0.48 ± 0.31 decimals) from baseline 

(BASDAI at 12 months/BASDAI before starting the treatment with TNFα 

inhibitors) ranging from –2.20 to 6.40 units or –0.41 to 0.96 decimals. 

In the analysis of the results of changes in BASDAI, it was found that the 

mean change in BASDAI at 12 months in the case of the homozygous genotype 

TT of the minor allele in IRF5 rs3757385 (see Fig. 3.21) was statistically 

significantly higher than for the other two genotypes: 3.33 ± 1.52 units vs.  

1.68 ± 1.37 and 3.01 ± 1.91 units for GG and TG genotypes, respectively  



53 

 

(PF = 4.96 × 10-2; η = 0.32). When combining the analysis of the genotypes with 

the minor alelle (TG and TT), the mean value of 3.14 ± 1.75 was detected 

(44 patients) and in comparison to the GG genotype group, data with a more 

significant statistical difference were obtained (PF = 1.69 × 10-2), without 

changing the coefficient eta. Thus, it was determined that the T allele of IRF5 

rs3757385 increased the change in BASDAI during the 12-month period. 

 

  

Figure 2.21. Change in BASDAI after the first year of treatment with 

TNFα inhibitors depending on the genotypes of IRF5 rs3757385 
Columns – mean parameter with standard deviation, PF – the statistical 

significance of ANOVA test, η – eta correlation coefficient. 
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3. Discussion 

Study data characterise the AS group, indicating significant impact of the 

disease on quality of life – high disease activity in most patients (BASDAI ≥ 4 

in 65.31 % of patients; ASDASCRP ≥ 1.3 – 82.65 %) with disabilities in daily 

activities (BASFI 3.72 ± 2.69) and restriction of spinal movements (BASMI  

3.89 ± 2.60). In the study, the age at onset of first symptoms is consistent with 

scientific publications, with 80 % of AS patients showing their first symptoms 

before age 30 (Feldtkeller et al., 2000). Analysing the degree of morning 

stiffness, back pain and fatigue caused by the disease, the average values of these 

self-assessments were above five (5.46 ± 3.16, 5.55 ± 2.94 and 5.34 ± 2.50, 

respectively). According to scientific publications pain, stiffness and fatigue are 

the most common symptoms reported by AS patients (Schneeberger et al., 2014). 

When describing the AS patient profile, it should be noted that the 

majority of patients being under the supervision of the Centre of Rheumatology 

has active and advanced disease. 

The majority of patients in the AS group were male (91.84 %). Although 

it is currently considered that the male-female ratio among AS patients is 2:1, 

the patient composition of our study is more consistent with the data of previous 

decades when it was thought to be 10 to 1 (Rusman et al., 2018; Taurog et al., 

2016). One of the explanations is the fact that structural changes in the sacroiliac 

joints in females visualised radiographically develop later in comparison with 

males; therefore, there is diagnostic delay in female patients (Rusman et al., 

2018).  

In the study more than half of the patients experienced peripheral arthritis 

(58.16 %) and approximately one-third of the patients had uveitis (33.67 %) 

which is consistent with publication data on the frequency of AS extraspinal 

manifestations (de Winter et al., 2016).  
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While analysing the profile of AS patients with uveitis, it was found that 

patients with uveitis had a longer disease duration compared to the subgroup 

without uveitis (17 vs. 12 years). The data of scientific publications show that 

the prevalence of uveitis in SpA increases linearly with disease duration up to  

20 years, but after this time the prevalence seems to reach plateau, therefore,  

indicating that after 20 years of the disease the future risk of the development of 

the first episode of uveitis is very low (Zeboulon et al., 2008). This aspect is 

important considering the potential risk of the development of uveitis in AS 

patients after enrollment in the study. In contrast, a recent publication compiling 

data from the Belgian Nationwide Axial SpA cohort indicates that the risk of 

acute anterior uveitis increases by 30 % after every ten years of the disease 

explaining this with the potential risk of cumulative inflammation (Varkas et al., 

2018). 

The study showed lower disease activity (ASDASCRP) in patients with 

uveitis compared to patients without uveitis. Perhaps it can be explained by 

pronounced clinical picture of uveitis which requires patients to seek urgent 

medical help in case of its exacerbation and to pay more attention to the treatment 

of the disease. Publications show that AS patients with uveitis have higher 

disease activity (BASDAI) and more prominent functional disability (BASFI) 

(Raffeiner et al., 2014).  

Patients with peripheral arthritis had a higher level of CRP compared to 

patients without this manifestation (21.86 vs. 8.85 mg/L). CRP is a prognostic 

factor for the progression of structural damage in AS, analysing mainly spinal 

changes (Braun et al., 2016). It should be noted that individual studies have 

shown fewer structural spinal changes in patients with peripheral arthritis 

compared to patients without peripheral arthritis (Kim et al., 2014). These results 

indicate the need to assess the prognostic importance of CRP for the evaluation 

of structural damage in AS depending on the phenotype of the disease. The 

second statistically significant difference in comparing patients with and without 
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peripheral arthritis was found in the value of self-assessment of joint pain which 

was higher in patients with peripheral arthritis (4.54 vs 1.83). In this case, it is 

important to note that joint pain can be caused by both factors – inflammation 

and structural changes induced by inflammation or deformities, therefore, partly 

explaining the absence of difference in the evaluation of disease activity in 

patients with and without peripheral arthritis. 

During the analysis of subgroups of patients with and without uveitis and 

subgroups with and without peripheral arthritis, no association was found 

between the frequency of uveitis and peripheral arthritis. Data analysis of the 

Korean SpA registry describes correlation between uveitis and hip involvement 

(Kook et al., 2019). When comparing the data of the studies, it is important to 

consider whether the presence of arthritis in this localisation is classified as an 

axial or peripheral AS.  
In the study, a statistically significant difference was not found in 

structural spinal damage (mSASSS), when categorising patients according to the 

presence of uveitis or peripheral arthritis. Similar data were obtained in an 

analysis of the data of the Korean SpA registry where no relationship was 

established between the presence of AS uveitis and the progression of mSASSS 

in a five-year assessment (Kook et al., 2019). Meanwhile, the data from this 

registry indicate that AS patients with peripheral arthritis have lower mSASSS 

compared to patients without peripheral arthritis in a 2.7-year observation (Kim 

et al., 2014), which is inconsistent with the current study data.  

In four groups, depending on the presence of peripheral arthritis and/or 

uveitis, data on a statistically significant difference in four parameters were 

obtained: duration of the disease, activity assessment based on CRP as well as 

ASDASCRP and self-assessment of joint pain, where the highest mean values were 

in the group with uveitis and peripheral arthritis, but the lowest in the group with 

uveitis. These results demonstrate the importance of cumulative inflammation in 
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the course of the disease, as well as the effect of its caused structural damage in 

the assessment of pain level in peripheral arthritis.  

At present, genetic studies of various AS populations are ongoing, 

including detection of non-HLA candidate genes (Brown et al., 2016; Schiotis et 

al., 2013). However, the results of these studies still do not provide a complete 

answer on the etiopathogenesis of AS, thus highlighting the need for further 

investigation. 

In the context of the evaluation of AS and genetic aspects in our study, 

analysing alleles, genotypes and haplotypes of eight gene polymorphisms, three 

important questions were raised about: 1) the association of candidate gene 

polymorphisms with the disease itself; 2) the relationship of polymorphisms of 

candidate genes with a variety of phenotypic manifestations, including the risk 

of developing uveitis and/or peripheral arthritis as the most common extraspinal 

manifestations; 3) the possibility of using candidate gene polymorphisms as 

biomarkers in predicting the efficacy of therapy (TNFα inhibitors) and in 

determining the progression (its rate) of structural damage in the spine.  

In response to the first question raised on the relationship between the 

candidate genes and AS, three out of eight genes obtained data on a statistically 

significant association: CD40 rs4810485, TNFA rs1800629, PTPN22 rs2476601. 

When analysing the signaling pathway of the TNF family, CD40 gene 

was selected as one of the less studied genes associated with AS. This gene has 

been extensively studied in various autoimmune diseases, including rheumatic 

diseases. At present, the CD40 rs4810485 G/T polymorphism which affects 

CD40 expression on the cell surface is one of the polymorphisms extensively 

analysed in relation to RA and SLE (Lee et al., 2015; Raychaudhuri et al., 2008). 

To date, no studies have been conducted to establish its association with AS. 

According to the NCBI dbSNP the major allele and genotype of CD40 rs4810485 

in the population of European origin is G allele and GG genotype which is also 

observed in the current study control group. 
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The study identified the relationship of CD40 rs4810485 with AS: GT, TT 

genotypes and the minor T allele were associated with an increased risk, while 

the homozygous GG genotype was a protective form.  

The second gene involved in the signaling pathway of the TNF family and 

according to our study with AS is TNFA. The G/A polymorphism of this gene 

affects the synthesis of TNFα (Bayley et al., 2004). In the analysis of the allele 

distribution in the AS and control group, it was found that the minor allele in 

both groups was A, corresponding to the data of the population of European 

origin (NCBI dbSNP).  

According to the study data, the minor A allele and AA genotype of the 

rs1800896 polymorphism are protective forms. Similar data on the protective 

role of the A allele can be found in a study of the Bulgarian AS patient group 

(Manolova et al., 2014). 

When analysing haplotypes formed by SNPs of both TNF family genes, 

it was found that haplotype AG formed by TNFA rs1800629 minor allele A and 

CD40 rs4810485 major allele G is a disease-protecting haplotype. Thus, the 

study data showing the involvement of both genes in the development of AS 

demonstrate the significance of the TNF signaling pathway in the pathogenesis 

of the disease. 

There are results of individual studies of the Chinese AS patients (Ma et 

al., 2017; Sun et al., 2013) and the data of AS patients of European origin (data 

from metaanalysis) (Lee, Song, 2009) which do not confirm the association of 

this polymorphism with AS contrary to the current study. There are also 

publication data confirming our results on the TNFA rs1800629 relationship with 

AS, e. g. AS patients studies data coming from Bulgaria (Manolova et al., 2014), 

Norway (Nossent et al., 2014), Denmark (Sode et al., 2018). 

Although the analysed polymorphism may be associated with the disease, 

this does not exclude differences in the distribution of genotypes. For example, 

a study of Brazilian AS patients demonstrates that AA and GA genotypes of the 
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TNFA rs1800629 are associated with the risk of development of AS and SpA 

(Rocha Loures et al., 2018), contrary to the results of the current study where the 

AA genotype has a protective form. In addition, it should be noted that no 

heterozygous genotype was identified in the study, either in the control or in the 

AS group. These differences, possibly attributable to the analysis of different 

origin populations, study criteria, sample number, etc., indicate the relevance of 

studies on the genetic aspects of different geographical areas of AS.  

PTPN22 is the third gene associated with AS, representing the so-called 

TNFα, T  lymphocytes and dendritic cell signaling interaction pathway that are 

essential for maintaining the homeostasis of immune system cells. According to 

the study, the minor allele of PTPN22 rs2476601 C/T polymorphism was T 

corresponding to population data of European origin (1000 Genomes Project). 

The minor T allele was slightly more common in the AS group (32.65 % vs. 

22.73 %) compared to the control group; thus, demonstrating trends for the risk 

allele but without clinical relevance. In analysis of genotype distribution, no 

statistically significant difference was found in the current study.  

When comparing the frequency of the minor T allele in the European 

population as a whole and in the control group of the study, it should be noted 

that the control group has a higher frequency (mean by 13 %) (MAF (minor allele 

frequency) in Europe – 0.094 (NCBI dbSNP, 1000 Genomes Project); MAF in 

the control group – 0.227). According to the publication, there is a decrease in 

minor T allele frequencies in Caucasians from northern Europe to southern 

Europe (Tizaoui et al., 2019). This allele is not present in the African or Asian 

populations (NCBI dbSNP, 1000 Genomes Project). 

This gene has been extensively studied in autoimmune and autoimmune-

related diseases (e. g. RA, SLE, juvenile idiopathic arthritis, etc.) (Tizaoui et al., 

2019). The number of publications on the association of the PTPN22 

rs2476601polymorphism with AS is very low. A systematic review was 

published in 2019 which does not confirm its relationship with AS (Tizaoui et 
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al., 2019). In contrast, AS patient data from Denmark indicate the protective role 

of PTPN22 (rs2476601) 1858 C > T (TT or CT vs. CC), explaining this with 

possible reduction of TNFα levels in the blood (Sode et al., 2018).  

While collecting data to answer the first question raised, disease-related 

SNPs of three genes were identified in the study: TNFA rs1800629 with risk 

allele G, CD40 rs4810485 with risk allele T and PTPN22 rs2476601 with risk 

allele T. Haplotype GTT formed by the risk alleles of these genes increased the 

probability of development of AS more than 3.5 times. Overall, analysis of the 

data revealed that three forms of haplotypes were risk forms (GTT, GTC, GGT) 

and three forms were protective of AS (GGC, AGC, AGT). The highest protective 

level was haplotype AGT, which reduced the probability of development of AS 

approximately 4.5 to 5.6 times.  

It is important to note that in all three risk forms, TNFA rs1800629 

contained a risk allele G and in the case of all three of the disease-protecting 

haplotypes, the CD40 rs4810485 locus had a protective allele G, thus confirming 

the role of TNF family proteins in the pathogenesis of AS. So far, no data on the 

haplotype analysis formed by SNPs of TNFA and CD40 genes in AS have been 

found in scientific publications. 

The second question raised in the study was the association of selected 

candidate gene SNPs with the most common extraspinal manifestations of AS – 

uveitis and peripheral arthritis. Analysing the association of eight candidate gene 

polymorphisms with AS uveitis and peripheral arthritis, four genes (IL10, 

TGFβ1, IRF5 and ERAP1) were found to be associated with uveitis and/or 

peripheral arthritis. It should be noted that none of the polymorphisms of these 

genes was associated with AS in the study. 

The minor G allele of IL10 rs1800896 G/A polymorphism corresponding 

to the frequency of the MAF in Europe (NCBI dbSNP, 1000 Genomes Project) 

was protective of uveitis development: in the group with uveitis, this allele was 

21 % less frequent compared to the group without uveitis (31.82 % vs. 53.08 %). 
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This relationship was also observed in the genotype distribution:  

GG genotype was protective against uveitis with the level of clinical significance. 

The risk of AA genotype for development of uveitis was clinically significant. In 

contrast, the heterozygous genotype had a similar frequency in AS groups with 

and without uveitis.  

Another finding that confirmed the role of the G allele of IL10 rs1800896 

in AS uveitis was the analysis of four subgroups of AS patients (with uveitis 

and/or peripheral arthritis). In this analysis, data were obtained that the 

distribution of alleles across all groups was statistically significantly different 

with the rarest occurrence of the G allele exactly in the group with uveitis 

compared to the other patient groups and the control group. This polymorphism 

has been extensively studied in other diseases, such as RA (de Paz et al., 2010), 

but the association of IL10 rs1800896 G/A polymorphism with AS uveitis has 

not yet been described. 

During analysis of the haplotypes formed by IL10 rs1800896 (G allele) 

and TGFβ1 rs1800469, rs1800470, three haplotypes that protect against uveitis 

development (GCC, GTC and GCT) were found, whereas the fourth haplotype 

GTT was the risk form for the development of uveitis and peripheral arthritis as 

well as the risk form for the development of second manifestation in case of 

baseline presence of uveitis or peripheral arthritis. Moreover, this haplotype, 

analysed only in relation to uveitis, was not of high OR value, thus indicating 

that it was important in the case of both manifestations.  

These results point to two aspects: first, the protective role of the IL10 

rs180096 G allele against uveitis, and second, the importance of gene 

interactions, thereby increasing or decreasing the individual risk of the 

expression of each gene.  

The second gene that was found to be associated with AS uveitis was 

IRF5. In analysing the relationship between the three SNPs (rs10954213, 

rs2004640, rs3757385) of this gene and uveitis, it was determined only for one 



62 

 

SNP (rs3757385) at genotype level and only with uveitis. In this case, GT 

genotype was the risk form with an estimated clinical significance. The 

homozygous GG genotype, where the major G allele was also the major allele in 

the population of European descent (NCBI dbSNP, 1000 Genomes Project), was 

the protective form at the level of clinical significance. 

After reviewing the NCBI dbSNP scientific publications about this SNP 

through the period of middle of 2019, it was concluded that none of them was 

related to AS or AS uveitis. Thereby, the data obtained in the current study is 

novelty in the exploration of AS uveitis.  

When combining all three SNPs (rs10954213, rs2004640, rs3757385) of 

IRF5 for the formation of haplotypes, a statistically significant association was 

found between the distribution of haplotypes and uveitis. The most frequent GTT 

haplotype which was composed of the rare alleles of SNPs could be considered 

as the risk haplotype for the development of uveitis. On the other hand, two were 

considered as protective haplotypes: GGG, which occurred only in patients 

without uveitis (7.69 %), and AGG, which occurred in 18.18 % of patients with 

uveitis and 30.00 % of patients without uveitis. In addition, data from other 

studies (e. g. systemic sclerosis) indicate that the analysis of these haplotypes 

formed by IRF5 SNPs is more informative compared to the individual SNP 

analysis (Dieude et al., 2010).   

Considering that in the current study the statistically significant 

relationship with uveitis was found only for two SNPs of two genes: IRF5 

rs3757385 with possible (association just on the level of genotypes) risk T allele 

and IL10 rs1800896 with the risk A allele, haplotypes formed by these two SNPs 

were analysed for the possible association with uveitis. Data analysis revealed 

that TA haplotype formed by the risk alleles from both loci had a high but not 

clinically significant OR. In contrast, GG haplotype was a protective form with 

the highest clinical significance. These data indicate that it is important to include 
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multiple SNPs of a single gene or multiple SNPs of uveitis-related genes forming 

haplotypes for the analysis of the risk of AS uveitis.  

In analysis of the association of selected AS candidate genes with 

peripheral arthritis, the relationship was found with two genes: TGFβ1 

rs1800469 in the distribution of alleles and ERAP1 rs10050860 in the distribution 

of genotypes. 

For the TGFβ1 rs1800469 polymorphism, the study found an association 

with AS peripheral arthritis in allelic distribution. The control group’s minor 

allele was C (MAF 0.442), which is different from the European population, 

where the minor allele is T (MAF 0.312) (NCBI dbSNP, 1000 Genomes Project). 

The major T allele was a form of risk for peripheral arthritis development in AS 

patients. Similar data on the frequency of alleles for the control group have been 

reported for the East Asian population, where the MAF of C allele is 0.453 (NCBI 

dbSNP, 1000 Genomes Project).  

One of the issues in the analysis of the role of TGFβ1 in the course of AS 

is its possible link to the process of ossification which is a part of AS 

pathogenesis (Eftekhari et al., 2018; Jaakkola et al., 2004). A review of the NCBI 

dbSNP (27.07.2019), which mentions 173 publications, did not find scientific 

publications on the TGFβ1 rs1800469 polymorphism in the context of AS. 

Therefore, the current study data on the relationship of this polymorphism with 

AS peripheral arthritis are novel.  

ERAP1 is another gene of which one of the SNP (rs10050860) was found 

to be associated with AS peripheral arthritis at the level of genotypes.  

The frequency of allelic distribution of this polymorphism in the study control 

group is similar to the European population data (NCBI dbSNP, 1000 Genomes 

Project). In the AS group with peripheral arthritis the homozygous form (AA) of 

the minor allele was not detected, but it was found in two patients (4.88 %) 

without this extraspinal manifestation. Thus, AA genotype was considered to be 

a protective form, but GA genotype could be marked as the risk form with clinical 
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significance. The homozygous form (GG) of the major allele was also identified 

as a protective genotype. In this case, the alleles of ERAP1 rs10050860 

polymorphism show incomplete dominance where both alleles are equally 

important and their interaction is significant. 

The association of the ERAP1 rs10050860 heterozygous genotype 

directly with peripheral arthritis is also supported by the analysis of the 

distribution of all genotypes of this SNP: heterozygous genotype in the group 

with peripheral arthritis alone was significantly more frequent than in the other 

subgroups, and more than five times frequent in comparison with the group 

without both extraspinal manifestations (39.20 % vs. 7.84 %). In determining the 

clinical significance of the relationship with the heterozygous form, only the 

peripheral arthritis and both extraspinal manifestations had the highest clinical 

relevance.  

At the beginning of the discussion on the role of ERAP1 in the context of 

AS, it should be noted that the detection of this gene is one the largest benefits 

of GWAS studies, identifying it as a second gene after HLA-B*27 (WTCCC et 

al., 2007). This is a major step forward in the understanding of the pathogenesis 

of AS, highlighting the role of aminopeptidases in the course of AS (Kenna, 

Brown, 2013). The association of its polymorphisms (including rs10050860, 

rs30187, rs26653) with AS in different populations has been confirmed by 

subsequent genetic studies, but data are inconsistent (Hanson et al., 2019; Yao et 

al., 2019). 

The Hungarian AS patient study identified the relationship of ERAP1 

rs10050860 to AS, but did not detect association with AS peripheral arthritis 

(Pazar et al., 2009). Other studies available in NCBI dbSNP have not analysed 

the association of this polymorphism with AS peripheral arthritis.  

The publications indicate that the association of ERAP1 with AS is 

primarily contributed by individual common ERAP1 genotypes, rather than by 

haplotypes (Li, Brown, 2017). In the study evaluating the haplotypes of all three 
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SNPs, no association with AS or any of the analysed extraspinal manifestations 

of AS were not identified.  

In analysis of the AS group for peripheral arthritis, a statistically 

significant association was found in two SNPs: TGFβ1 rs1800469 with risk  

T allele and ERAP1 rs10050860 with the risk GA genotype (both homozygous 

genotypes were protective). When analysing the distribution of haplotypes of two 

specific loci in AS patients with and without peripheral arthritis, it was found 

that the differences in frequency between groups were not statistically 

significant. The possible explanation for that can be the association of ERAP1 

rs10050860 with peripheral arthritis on the genotype level, not at the allelic level, 

and the heterozygous form (interaction of both alleles) was a risk form. 

When combining SNPs of uveitis and peripheral arthritis-associated loci 

in a single haplotype, IRF5 rs3757385, ERAP1 rs10050860, IL10 rs1800896 and 

TGFβ1 rs1800469 analysis data were used in association with AS uveitis and/or 

peripheral arthritis. Analysing the distribution of common haplotypes in four 

subgroups of AS patients, it was found that the difference in the frequency 

distribution was not statistically significant. Thus, all four loci were generally 

unrelated to uveitis and/or peripheral arthritis. These data indicate that not only 

the polymorphism of the specific SNP of a given gene is essential in the research 

and analysis of genetic aspects, but also the inclusion of SNPs of different genes, 

thereby clarifying the relevance of SNP of one gene to any of the analysed 

features in the context of SNPs of other genes and creating more accurate maps 

of the genetic risk of the disease.  

The number of studies on the polymorphisms of AS candidate genes in 

relation to AS peripheral arthritis or uveitis is low. Similar to the results of the 

current study, no association was found analysing AS patient data from Germany 

on the association of TNFA rs1800629 with peripheral arthritis or uveitis 

(Poddubnyy et al., 2011). In the Norwegian AS patients’ study, the presence of 
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the TNFA rs1800629 A allele in the genotype reduced the risk of uveitis (Nossent 

et al., 2014).  

In the study another gene was analysed, which is the second significant 

non-MHC gene in relation to AS – IL23R. This gene, whose association with AS 

was detected in 2007, encodes the IL-23 receptor (IL23R), thereby affecting the 

IL-23/IL-17 signaling pathway (Costantino et al., 2018; WTCCC et al., 2007). 

Within the framework of the study, the association was analysed of three SNPs 

of IL23R – rs10889677, rs11209026, rs2201841 – with AS. No association was 

found between these three IL23R polymorphisms and AS, though according to 

several scientific publications such association has been demonstrated in 

European origin populations. This discrepancy may be partly explained by the 

relatively small number of subjects included in the study. Another explanation is 

related to possible ethnic differences.  

The third question raised in the study was the identification of selected 

biomarkers for predicting the course of AS and TNFα inhibitor therapy. 

To answer this question, five aspects of the impact of candidate gene 

polymorphisms were analysed on: 1) age at onset of first clinical symptoms;  

2) assessment of structural damage (mSASSS) analysed in the context of the 

disease duration; 3) assessment of the efficacy of the first year of treatment with 

TNFα inhibitors; 4) disease transition into an inactive form (assessed by 

BASDAI) during the first year of treatment with TNFα inhibitors; 5) tendencies 

of changes in the disease activity assessment (BASDAI) during the first 

treatment year with TNFα inhibitors.  

As a starting point for discussion of these five aspects, it should be noted 

that the number of studies on these (as key issues to be mentioned in the titles 

and/or aims of the study) is relatively small in terms of both the genetic aspects 

of AS disease and in the context of chosen AS candidate genes; therefore, the 

comparison of our data on SNPs of candidate genes was made by analysing data 

from study descriptions within the available scientific publications.  
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The age at onset of first clinical symptoms of AS is one of the risk factors 

for the progression of the disease – the earlier the age, the more aggressive the 

course of the disease (Amort et al., 1994; Pradeep et al., 2008). However, there 

are publications indicating that early age in itself does not affect the structural 

damage caused by the disease, as well as the activity of the disease and 

extraspinal manifestations (Brophy, Calin, 2000).  

In the study, by analysing genotype distribution, none of the 15 SNPs had 

a statistically significant effect on the age at onset of first AS symptoms. This is 

consistent with the data from the Portuguese AS patient study where the lack of 

association of IL23R rs10889677, rs11209026 and ERAP1 rs30187 

polymorphisms was found (Pimentel-Santos et al., 2009). Similar results were 

obtained from the analysis of the role of TGFβ1 rs1800469 polymorphism in 

Finnish and English families (Jaakkola et al., 2004) and TNFA rs1800629 

polymorphism in Norwegian (Nossent et al., 2014) and German studies with AS 

patients (Poddubnyy et al., 2011). 

In contrast, in the analysis of French AS patient data, the protective  

A allele of the IL23R rs11209026 polymorphism was less common in patients 

with early onset of symptoms (Kadi et al., 2013). Analysis of AS patient data 

from Bulgarian study revealed the effect of A allele of the TNFA rs1800629 in 

preventing early onset of the disease (Manolova et al., 2014). Scientific 

publications do not describe the study data that would include the information 

about the analysis of the possible association between the SNPs of the chosen 

AS candidate genes and the age at onset of first clinical symptoms.  

Evaluation of the course of the disease based on the progression of the 

structural damage was done using the radiographic changes in cervical and 

lumbar spine (mSASSS) and its relation to the duration of the disease. As a result 

of the analysis, data were obtained only for one SNP of the candidate gene –  

IRF5 rs10954213 for the relationship with structural changes depending on 

duration of the disease.  
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The minor G allele of the IRF5 rs10954213 in both GG and GA genotypes 

was a risk form for a more pronounced increase in mSASSS with each year of 

the disease (in the presence of GG, each subsequent year of the disease increased 

mSASSS by 1.72 points in 40.49 % of cases; in the presence of AG genotype – 

by 1.37 points) compared to the effect of the major G allele.   

Contrary to the findings of RA studies, the major A allele is a form of risk 

(Liu et al., 2013). Of course, it has to be taken into account that RA is a 

pathogenetically and therefore clinically different disease compared to AS. 

However, it is possible that this difference in results again raises the question of 

the association of inflammation and structural damage (erosive damage with 

osteoproliferation) in the pathogenesis of AS – are these processes two 

consecutive components of the same process or are they two different processes? 

In assessing the potential relationship of the polymorphisms of these candidate 

genes with structural damage in the context of AS or SpA, it is necessary to note 

the results of Kadi and co-authors in the analysis of French SpA patients, 

including the association with IL23R rs11209026 (Kadi et al., 2013). In view of 

the association of A allele of this SNP with the risk reducing effect to structural 

damage and early age for AS, the study authors of the French SpA patient group 

point out that this polymorphism may have a greater impact on the severity of 

the disease course than on the risk of its development.  

The study data are consistent with the analysis of the genetic aspects of 

the Portuguese AS patients where the relationship between IL23R rs10889677, 

rs11209026, ERAP1 rs30187 polymorphisms and mSASSS was not established 

(Pimentel-Santos et al., 2009). Similar data on the lack of association between 

TNFA rs1800629 and mSASSS were obtained by analysing data of the AS 

patients study from Germany (Poddubnyy et al., 2011). 

When analysing the relationship of genetic aspects with the effects of 

treatment with TNFα inhibitors, none of the polymorphisms of the candidate 

genes, including the genes for which we identified a relationship with the risk of 
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development of AS, had any impact on the efficacy of the treatment defined in 

the study.  

The number of pharmacogenomic studies on genes involved in the 

pathogenesis of AS to analyse the differences of polymorphisms in individuals 

with divergent response to the treatment with TNFα inhibitors is negligible.  

A recently published study of AS patients, similar to the current study data, did 

not identify an association of IL10 rs1800896 A/G polymorphism with TNFα 

inhibitors treatment response prediction (Polo Y La Borda et al., 2019). This is 

in contrast to another AS study, where a risk allele A has been identified for 

ineffective TNFα inhibitor treatment (Schiotis et al., 2013). 

In the study, the effect of TNFA rs1800629 G/A polymorphism was not 

determined on the first year efficacy of TNFα inhibitor therapy, although some 

scientific reports did (Nossent et al., 2014; Whirl-Carillo et al., 2012). There are 

publications consistent with the current study data on the lack of relationship (Ma 

et al., 2017; Manolova et al., 2014). 

The association of gene polymorphisms with treatment efficacy, which in 

our view consists of evaluation of three sub-questions (inactive disease or 

remission, improvement and trends in the changes of disease activity), is usually 

not explored in the studies by distinguishing these points. In the clinician’s 

assessment, there is a significant difference between the defined therapeutic 

effect, which provides a definite improvement (BASDAI difference evaluated 

between baseline data and follow-up assessment), and an inactive disease, so in 

the study all three sub-questions were analysed.  

TNFA rs1800629 G/A polymorphism is one of three AS candidate genes 

that were found to be associated with the transition of the disease to inactive form 

during the first year of treatment with TNFα inhibitors at allelic level. In the 

TNFα inhibitor treatment group, the rare A allele was not detected in any patient 

with active disease, only in patients with inactive disease. These results indirectly 



70 

 

demonstrate the potential role of TNFA rs1800629 in determining the efficacy of 

treatment. 

The other two genes that were identified in relation to the transition of 

disease into inactive form during the first year of treatment with TNFα inhibitors 

were ERAP1 (rs10050860) and IL10 (rs1800896). 

In the case of ERAP1 rs10050860, the association was determined only 

by the genotype distribution: GG genotype contributed to the transition of the 

disease in inactive form in the first year following initiation of treatment with 

TNFα inhibitors. In addition, the heterozygous form was an encouraging form 

for the maintenance of disease activity.  

For IL10 rs1800896 polymorphism, the association was found only in the 

distribution of genotypes. The heterozygous genotype GA with clinical relevance 

facilitated the maintenance of the disease in an active form during the treatment. 

It should be noted that of the more than 300 publications cited in the NCBI dbSNP 

database (17.07.2019) on IL10 rs1800896 polymorphism, there is only one 

publication on AS, which provides data on this SNP (risk A allele) as one of the 

prognostic indicators of TNFα inhibitor treatment non-response, estimated to be 

less than 50 % improvement in BASDAI from baseline (Schiotis et al., 2013).  

In the first year of treatment with TNFα inhibitors, only the SNP of one 

gene – IRF5 rs3757385 – have been identified to play a role in analysing the 

trends in the assessment of disease activity. In this case, the presence of a minor 

T allele in the genotype increased the change in BASDAI during the first year of 

treatment with TNFα inhibitors, contributing to a reduction in its value. Thus, the 

determined genotype allows predicting the magnitude of the potential reduction 

in BASDAI by comparing baseline data before initiating TNFα inhibitors and 

after the first year of therapy. It provides insight into the phenotypic 

manifestation of the disease in a particular individual, thereby predicting the 

course of the disease.  
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The creation of a genetic map for any disease is a very gradual and 

complex process that depends on many factors, including the ethnicity and 

geographical location of the study population. Establishing a genetic risk scale 

for AS may contribute to early diagnosis and reduce late detection, which is still 

an average of eight to ten years worldwide. The course of AS is very diverse, so 

predicting it would help to choose the optimal strategy for therapy. To realise 

this goal, candidate gene studies of several possible pathogenetic pathways are 

needed, analysing the data according to clinical picture aspects.  

The limitations of the present study were related to the relatively small 

number of AS patients, as well as the lack of assessment of structural damage in 

the dynamic to determine the more accurate effect of candidate gene 

polymorphisms. Although the data from our study on patient distribution in 

relation to the frequency of uveitis and peripheral arthritis in AS are consistent 

with the data from scientific publications, it should be noted that uveitis and 

peripheral arthritis are manifestations of AS that may occur during lifetime, 

thereby reducing the number of patients in the group of patients who did not have 

these changes during the period covered by this study. 
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Conclusions 

 

1. The database of patients with ankylosing spondylitis (AS) is established 

according to the original questionnaire, the analysis of which describes the 

profile of AS patients as well as the clinical expression groups. 

 The average AS patient is a 39-year-old male with the onset of the first 

symptoms of the disease at the average age of 26, with active disease, 

restrictions of spinal mobility, impaired daily activity and moderate  

self-assessment of fatigue and back pain and radiographically visualised 

structural damage of cervical and lumbar spine which correlates with the 

evaluation of functional ability and spinal mobility.  

 In the AS patient group, 58.16 % have peripheral arthritis and 33.67 % 

have uveitis. Patients with uveitis have a longer disease course than patients 

without uveitis. In the case of peripheral arthritis, patients have a higher 

disease activity. Patients with peripheral arthritis and uveitis have the 

highest rates of disease activity, self-assessment of joint pain and longer 

disease duration.  

2. Candidate gene polymorphisms CD40 rs4810485 with protective allele G 

and genotype GG, TNFA rs1800629 with protective allele A and genotype 

AA and PTPN22 rs2476601 with protective allele C are all related to AS. 

3. The haplotypes of the combinations of the candidate gene TNFA rs1800896 

G/A, CD40 rs4810485 G/T and PTPN22 rs2476601 C/T polymorphisms are 

related to AS. 

 The highest protective level was detected for the haplotype AGT. 

 The highest risk level was detected for the haplotype GTT. 

4. The polymorphisms of four candidate genes are related to AS extraspinal 

manifestations – uveitis and/or peripheral arthritis.  
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 In case of uveitis: IL10 rs1800896 with the risk allele A and genotype 

AA, IRF5 rs3757385 with the risk genotype GT. 

 In case of peripheral arthritis: TGFβ1 rs1800469 with the risk allele T 

and ERAP1 rs10050860 with the risk genotype GA.  

 In the case of uveitis and peripheral arthritis: ERAP1 rs10050860 with 

the risk genotype GA and IL10 rs1800896 with the risk allele A. 

5. Haplotypes of multiple candidate gene polymorphism combinations are 

associated with AS uveitis and/or peripheral arthritis. 

In the case of uveitis the relationship is with:  

 the combination of IRF5 rs10954213, rs2004640 and rs3757385 

polymorphisms with the risk haplotype GTT; 

 the combination of IL10 rs1800896, TGFβ1 rs1800469 and 1800470 

polymorphisms with the risk haplotypes GTT and ACT; 

 the combination of IRF5 rs3757385 and IL10 rs1800896 

polymorphisms with the risk haplotypes TA and GA. 

In the case of peripheral arthritis the relationship is with: 

 the combination of IL10 rs1800896, TGFβ1 rs1800469 and 1800470 

polymorphisms with the risk haplotype GTT and the protective haplotype 

ACT in the case of uveitis. 

6. Multiple candidate gene polymorphisms are linked to the selected AS 

biomarkers (progression of structural damage measured by mSASSS 

depending on the disease duration and change in disease activity during the 

first year of treatment with TNFα inhibitors).  

 The minor allele G of IRF5 rs10954213 in the homozygous as well as 

heterozygous genotype is associated with the progression of AS spinal 

structural damage depending on the disease duration. 

 The allele A of TNFA rs1800629, the genotype GG of ERAP1 

rs10050860 and the genotype GA of IL10 rs1800896 are linked to the 
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disease transition to the inactive form during the first year of treatment with 

TNFα inhibitors. 

 The presence of the minor allele T of IRF5 rs3757385 increases the 

BASDAI changes during the first year of treatment with TNFα inhibitors, 

thus reducing BASDAI value. 

7. Genotypes of candidate gene polymorphisms are not associated with the 

age at the onset of first AS symptoms. 

The hypothesis of the study is confirmed: of the 15 candidate gene 

polymorphisms analysed, seven polymorphisms are linked to AS and/or its 

clinical manifestations (uveitis and/or peripheral arthritis), and/or treatment 

efficacy with TNFα inhibitors. 

  



75 

 

Recommendations 

 

In the light of the results of the study, it is currently not possible to provide 

practical recommendations for clinical trials with patients, as further studies are 

required (see below) to test the polymorphisms of the candidate genes (i.e. the 

association of the polymorphisms of the candidate genes with the disease, its 

manifestations, biomarkers of the disease) as molecular markers for the usage in 

clinical practice.  

These recommendations are intended for further research by a team of 

molecular biologists, genetics and rheumatologists. 

1. The studies at cellular and candidate gene-coded protein level should be 

performed in order to determine the significance of the polymorphisms of the 

candidate genes (ERAP1 rs10050860 G/A, CD40 rs4810485 G/T, IL10 

rs1800896 A/G, TGFβ1 rs1800469 C/T, rs1800470 T/C, IRF5 rs10954213 

A/G, rs2004640 T/G, rs3757385 G/T, PTPN22 rs2476601 C/T) in the 

development of AS and its clinical manifestations (uveitis and peripheral 

arthritis). 

2. The clinical studies should be performed with patients with inflammatory 

back pain without radiographically seen spinal structural changes, i.e.  

non-radiographic axial SpA, and with patients with approved AS diagnosis 

in order to determine the significance of the specific SNP of the candidate 

gene as molecular marker in relation to AS and its clinical manifestations: 

 patients with inflammatory back pain without radiographically 

visualised spinal structural changes (non-radiographic axial SpA) should be 

tested for CD40 rs4810485 G/T, TNFA rs1800629 G/A and PTPN22 

rs2476601 C/T polymorphisms in order to assess the risk of the AS 

development; 
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 patients with approved AS diagnosis should be tested for IRF5 

rs3757385 G/T, IL10 rs1800896 A/G, TGFβ1 rs1800469 C/T, ERAP1 

rs10050860 G/A polymorphisms in order to assess the risk for the 

development of AS uveitis and/or peripheral arthritis; 

 patients with approved AS diagnosis should be tested for IRF5 

rs10954213 A/G polymorphism in order to assess the risk of aggressive 

disease course (i.e. the assessment of the risk of severe spinal structural 

damage); 

 patients with approved AS diagnosis should be tested for ERAP1 

rs10050860 G/A, TNFA rs1800629 G/A, IL10 rs1800896 A/G and IRF5 

rs3757385 G/T polymorphisms in order to assess the efficacy of treatment 

with TNFα inhibitors. 
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