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“Nothing in life is to be feared, it is only to be understood. 

Now is the time to understand more, so that we may fear less.” 
 

Marie Curie 
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ABSTRACT 

Coeliac disease, a systemic autoimmune disorder induced by dietary gluten, is 
widespread globally, but in Finland even particularly prevalent although still heavily 
underdiagnosed. One reason contributing to this is the remarkably multifaceted 
clinical picture of coeliac disease. The originally typical gastrointestinal symptoms 
are currently being increasingly replaced by a milder presentation with extraintestinal 
symptoms and even totally asymptomatic presentation is no longer abnormal. 
Nevertheless, coeliac disease patients do not differ from each other only in terms of 
symptoms. There is a wide individual variation concerning the onset, severity and 
progression of symptoms as well as response to dietary treatment i.e., gluten-free 
diet (GFD). The reasons and contributary factors underlying this wide clinical 
heterogeneity remain obscure.   

For many people nowadays, suspicion of coeliac disease is closely connected to 
known familial history of the disease. These familial cases are in the majority, but 
not every patient has affected relatives and such patients are considered sporadic. 
Where coeliac disease heredity is concerned, HLA-DQ2.5 is the best-known genetic 
component. However, numerous loci outside the HLA region have also been 
associated with the disease. 

 The studies presented in this dissertation focused in investigating whether there 
are genetic and/or phenotypic differences between familial and sporadic coeliac 
disease and whether the dose of HLA-DQ2.5 or the presence of genetic variants 
outside HLA region, including the ones within candidate genes CCR9 and CCL25, 
contributes to the clinical picture of the disease.  

The findings of this dissertation managed to describe sporadic coeliac disease as 
an independent entity with a distinct HLA-DQ genotype even though not many 
significant phenotypic differences were observed between familial and sporadic 
coeliac disease. Nevertheless, the sporadic cases had more severe clinical phenotype 
at diagnosis as well as poorer overall health even after dietary treatment. Moreover, 
HLA-DQ2.5-negative coeliac disease patients were observed to present with 
classical phenotype at diagnosis as well as with persistent symptoms after dietary 
treatment more often than patients heterozygous or homozygous for high-risk HLA-
DQ2.5. These findings will hopefully encourage physicians to pay special attention 
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to both these patient groups. Four distinct non-HLA variants were associated with 
increased risk for familial coeliac disease, but the associations need to be confirmed 
in future studies. The contribution of HLA-DQ2.5 dose as well as non-HLA single 
nucleotide polymorphisms (SNPs) within CCR9 and CCL25 to the clinical picture 
of coeliac disease was found to be only modest.  
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TIIVISTELMÄ 

Keliakia on yleinen autoimmuunisairaus, jossa tärkein altistava ympäristötekijä on 
ravinnon sisältämä gluteeni. Keliakiaa esiintyy maailmanlaajuisesti, mutta sen 
esiintyvyys Suomessa on erityisen korkea, vaikkakin laajalti alidiagnosoitu. Osasyy 
tälle on keliakian kirjava taudinkuva. Ruuansulatuskanavan oireet muodostivat 
pitkään keliakialle tyypillisen oirekuvan, mutta se on vähitellen korvautunut 
lievemmillä, usein ruuansulatuskanavan ulkopuolisilla oireilla. Nykyään keliakia voi 
ilmentyä myös täysin oireettomana. Oireiden lisäksi niiden puhkeamisessa, 
voimakkuudessa sekä kehittymisessä on paljon yksilöllisiä eroja. Myös 
keliakiapotilaiden vaste gluteenittomaan ruokavaliohoitoon vaihtelee. Syitä tai 
tekijöitä tämän potilaskohtaisesti vaihtelevan taudinkuvan taustalla ei kuitenkaan 
vielä tunneta.  

Nykyisin moni keliaakikko on osannut aiemmin epäillä kohdallaan keliakiaa ja 
hakeutunut lääkäriin, koska sairaus on ollut tuttu keliakiaa sairastavien sukulaisten tai 
perheenjäsenten kautta. Nämä ns. familiaaliset keliaakikot ovat enemmistö, mutta 
keliakiaa esiintyy myös ns. sporadisesti, jolloin potilaalla ei ole tiedettyä sukutaustaa 
keliakialle. Tunnetuin keliakialle altistava perintötekijä on HLA-DQ2.5-haplotyyppi, 
mutta muidenkin, HLA-alueen ulkopuolisten, geenialueiden on todettu 
assosioituvan keliakiaan. 

Tässä väitöskirjatutkimuksessa selvitettiin familiaalisen ja sporadisen keliakian 
eroavaisuuksia perintötekijöiden ja taudinkuvan suhteen. Lisäksi tutkittiin, onko 
HLA-DQ2.5-kuormalla (eli sillä, onko potilas HLA-DQ2.5-negatiivinen, -
heterotsygootti vai -homotsygootti) ja HLA:n ulkopuolisilla geneettisillä varianteilla, 
mukaan lukien variantit kandidaattigeeneissä CCR9 ja CCL25, vaikutusta keliakian 
kliiniseen taudinkuvaan. 

Tämän väitöskirjan tulokset paljastivat, että sporadinen keliakia omana erillisenä 
tautimuotonaan eroaa HLA-DQ-genotyypiltään familiaalisesta tautimuodosta, 
vaikka useita eroavaisuuksia kliinisen taudinkuvan suhteen ei löydettykään. 
Sporadisten potilaiden taudinkuva diagnoosihetkellä oli kuitenkin vakavampi ja 
yleinen terveydentila seurantahetkellä, gluteenittomalla dieetillä, huonompi kuin 
familiaalisilla potilailla. Tutkimukset myös osoittivat, että HLA-DQ2.5-negatiivisia 
potilaita leimasi HLA-DQ2.5-heterotsygootteja ja -homotsygootteja useammin 
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klassinen oirekuva diagnoosihetkellä sekä pitkittyneet oireet seurantahetkellä. Nämä 
tutkimuslöydökset toivottavasti rohkaisevat lääkäreitä sekä muuta 
hoitohenkilökuntaa kiinnittämään erityistä huomiota edellä mainittuihin 
potilasryhmiin. Lisäksi väitöstutkimuksen geneettisten analyysien tulokset osoittivat 
neljän HLA-alueen ulkopuolisen variantin assosioituvan familiaaliseen keliakiaan. 
Näiden assosiaatioiden merkitys tulee kuitenkin vahvistaa jatkotutkimuksilla. HLA-
DQ2.5-kuorman tai CCR9- ja CCL25-kandidaattigeenialueiden varianttien vaikutus 
keliakian taudinkuvaan oli tämän väitöskirjatutkimuksen perusteella vähäinen.  
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1 INTRODUCTION 

Coeliac disease is one of the most common life-long gastrointestinal diseases globally 
(Catassi et al., 2022). It is a systemic autoimmune condition driven by the ingestion 
of dietary gluten present in wheat, rye and barley, in genetically susceptible 
individuals. Certain variants of human leukocyte antigen (HLA) complex, HLA-
DQ2 or HLA-DQ8, account for the strongest genetic association with coeliac 
disease but there are also additional predisposing variants outside the HLA region 
contributing hereditary susceptibility to the disease. (Withoff et al., 2016). Family 
members of coeliac disease patients are at  increased risk of developing the disease 
(Singh et al., 2015), but sporadic cases are also common. Primarily, coeliac disease 
affects the small intestine, where, for still incompletely understood reasons, both 
innate and adaptive immune systems become activated. Immune cascade is triggered 
by harmful gliadin peptides originating from gluten and modified by 
transglutaminase 2 (TG2) enzyme. (Dieterich et al., 1997; Levescot et al., 2022; 
Molberg et al., 1998). The activation of immune response eventually results in the 
development of chronic enteropathy characterized by flattening of the villi (villous 
atrophy) and elongation of the crypts (crypt hyperplasia) of the small intestinal 
epithelium. The only effective treatment for the disease is  life-long avoidance of 
gluten-containing food products i.e., gluten-free diet (GFD) that gradually 
normalizes the mucosal architecture and alleviates the symptoms (Lindfors et al., 
2019). 

Characteristic of coeliac disease is its protean clinical phenotype. Symptoms are 
categorized as gastrointestinal or extraintestinal, depending on the site of 
manifestation, and some patients may be even completely asymptomatic (Durazzo 
et al., 2022; Reale et al., 2018; Tapsas et al., 2016). Moreover, onset, severity and 
progression of symptoms as well as response to GFD vary widely between patients. 
Further, several comorbidities associated with coeliac disease, together with the 
challenges and social secondary effects of maintaining strict GFD add to the 
individual burden of coeliac disease (Spijkerman et al., 2016; Uche-Anya & Lebwohl, 
2021; White et al., 2016). 
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This dissertation investigated differences in both clinical phenotype and 
predisposing genotype at diagnosis as well as well-being and treatment compliance 
during follow-up between familial and sporadic coeliac disease patients. 
Furthermore, since the reasons behind the substantial individual variation in the 
clinical presentation of coeliac disease are unknown, this dissertation focuses on 
examining whether the dose of major HLA-DQ risk haplotype or the non-HLA 
genetic variants could establish an explanation for this phenotypic heterogeneity.  
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2 REVIEW OF THE LITERATURE 

2.1 Epidemiology of coeliac disease 

Coeliac disease was in the past described as a rare paediatric disorder affecting 
western Europeans.  Through advanced recognition and diagnostics during the past 
four decades it has become evident that coeliac disease occurs globally and affects 
people of all ages (Lindfors et al., 2019), incidence rates being highest among people 
<5 and >50 years of age (West et al., 2014). Even though coeliac disease is still 
heavily under-diagnosed, its true prevalence can be estimated based on coeliac 
disease specific seropositivity, that is positivity for TG2 and endomysium 
autoantibodies, among general population.  

The pooled global seroprevalence of coeliac disease is estimated to be 1.4% 
(Singh et al., 2018), which suggests that the disease is a significant worldwide public 
health problem. However, coeliac disease seroprevalence varies widely both 
intercontinentally and internationally, and even from region to region within the 
same country. It remains obscure whether these differences in coeliac disease 
prevalence are simply linked to known risk factors, HLA haplotype and gluten intake 
(Lebwohl et al., 2018). The highest prevalence of coeliac disease (5.6%) has been 
reported in children in  Saharawi population (Catassi et al., 1999) whereas very low 
prevalences (<0.1%) have been reported, for example, in Japan and Vietnam 
(Fukunaga et al., 2018; Zanell et al., 2016). Nevertheless, there are many regions 
where the prevalence of coeliac disease has not yet been thoroughly studied and is 
thus still unknown. Such areas include, for example, Sub-Saharan Africa and East 
Asia. In Europe, countries with the  highest prevalence of coeliac disease include 
Sweden, Finland and Italy while the lowest prevalences are found, for instance, in 
Switzerland, Estonia and Poland (Makharia et al., 2022). Like autoimmune diseases 
in general, coeliac disease presents with a greater prevalence among women, the 
female-to-male ratio being almost 2:1 (Megiorni et al., 2008). Additionally, familial 
aggregation of coeliac disease is common, which is due to the hereditary nature of 
the disease (genetics described in more detail in sections 2.5.2 and 2.5.5). However, 
sporadic coeliac disease also occurs.   
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The global prevalence of coeliac disease seems to be constantly increasing. In the 
Western world, the incidence of coeliac disease has been reported to have increased 
tenfold in the past forty years (King et al., 2020). The phenomenon could be 
explained by improved disease awareness and better availability of serological tests 
but it has also been reported that, for unknown reasons, the total prevalence of 
coeliac disease has truly increased, which has been shown in cross-sectional studies 
evaluating coeliac disease specific seropositivity in Northern American and Finnish 
populations, for example (Catassi et al., 2010; Lohi et al., 2007; Rubio-Tapia et al., 
2009). Interestingly, according to more recent studies in some high prevalence 
countries, such as Sweden and Finland, the incidence of coeliac disease seems to 
have stabilized or even decreased (Kivelä et al., 2015; Namatovu et al., 2014; Virta et 
al., 2017). suggesting that the disease has reached its peak incidence among those 
populations.  
 

2.2 Diagnostics of coeliac disease 

2.2.1 Small-bowel mucosal biopsy 

Long, finger-like villi and short crypts are characteristic of normal, healthy small 
bowel mucosa whereas in untreated coeliac disease this structure gradually starts to 
become flat. Since the development of methods for obtaining peroral biopsies in 
1960s, the cornerstone of coeliac disease diagnosis has been the histologic 
examination and the determination of small intestinal mucosal morphology (Crosby 
et al., 1957; Shiner, 1956). In Tampere, Finland, the diagnostic status of gradual 
structural deterioration of the mucosa is classified in routine clinical practise as 
partial, subtotal or total villous atrophy (PVA, SVA or TVA respectively). An overt 
villous atrophy, crypt hyperplasia and more than 30 intraepithelial lymphocytes 
(IELs) per 100 enterocytes is typical for all of these stages. PVA indicates a minor to 
moderate amount of villous blunting and SVA that there are truncated villous 
remnants. In the last stage, TVA, the mucosa is totally flat with no visible villi 
(Dickson et al., 2006). The clinical classification is always made on the basis of the 
pathology report and  has been used systematically in clinical practice in Tampere 
from the 1960s (Kröger et al., 2020). Other classification criteria also exist, of which 
the Marsh-Oberhuber and Corazza-Villanacci criteria are the most used (G. R. 
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Corazza & Villanacci, 2005; Marsh, 1992; Oberhuber et al., 1999). Specimens with 
PVA, SVA and TVA correspond respectively to IIIa, IIIb and IIIc (Marsh-
Oberhuber) or B1 (PVA and SVA) and B2 (TVA)(Corazza-Villanacci). An 
additional, more quantitative way of determining the structural alterations in small 
intestinal biopsy is to measure the ratio of villous heights and crypt depths (Vh:CrD). 
This method gives precise numerical values, a Vh:CrD of less than 2.0 being 
generally accepted as indicative of coeliac disease lesion (Kuitunen et al., 1982; 
Taavela et al., 2013). Furthermore, more rigorous methods for evaluating the 
histopathologic status of biopsy specimens have recently been developed. These 
include, for instance, digital quantitation of IEL counts and Vh:CrD (Popp et al., 
2021; Taavela et al., 2019) as well as virtual imaging of biopsy specimens utilizing X-
ray microtomography (Virta et al., 2020). 

2.2.2 Serology 

In the 1970s, the first coeliac disease specific autoantibodies targeting reticulin fibres 
of connective tissue (anti-reticulin antibodies, ARAs) were discovered and became 
widely used for diagnostic purposes (Seah et al., 1971). ARAs were measured by 
indirect immunofluorescence using rodent tissues as antigens. Even though they had 
an excellent specificity (90-100%), their sensitivity was relatively good only in 
children (Mäki et al., 1984; Seah et al., 1973). Soon after, autoantibodies targeting 
gliadin in wheat gluten (anti-gliadin antibodies, AGAs) were found and measured 
using enzyme-linked immunosorbent assay (ELISA). This method was also 
commonly used until it became evident that AGAs showed substantial variation in 
terms of sensitivity and specificity and were not actually coeliac disease specific 
antibodies, but present in serum of patients with other gastrointestinal diseases as 
well (Hill et al., 1991; Lindberg et al., 1985; Mäki et al., 1991). The first autoantibody 
that has remained in  diagnostic usage until these days is endomysial antibody (EmA), 
discovered in the 1980s (Chorzelski et al., 1984). It is measured by indirect 
immunofluorescence assay often using human umbilical cord as an antigen (Ladinser 
et al., 1994). Although the method is relatively laborious, it has high sensitivity and 
specificity (Schyum & Rumessen, 2013) which has led to its position as a gold 
standard for coeliac disease antibody detection (S. Husby et al., 2012). After the 
recognition of TG2 as the predominant autoantigen of coeliac disease in late 1990s 
(Dieterich et al., 1997), practical and economical ELISA tests were soon developed 
to detect antibodies against it. TG2 testing shows better sensitivity (90–100% vs. 83–
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100%) but lower specificity (90–100% vs. 95–100%) than EmA testing (Giersiepen 
et al., 2012) and currently it is used widely in clinical practice (Schyum & Rumessen, 
2013). It is noteworthy that both EmA and TG2 antibody tests are most reliable 
when measuring immuneglobulin A (IgA) class autoantibodies, but in the case of 
IgA-deficient patients, immunoglobulin G (IgG) class autoantibody determination is 
useful. There are also autoantibodies generated against TG2-deamidated gliadin 
peptides (DGPs) derived from gluten, but these are not useful as a screening marker 
and their diagnostic role is unclear since they afford low positive predictive value 
among TG2 autoantibody negative individuals (Gould et al., 2019).  

2.2.3 Current diagnostic procedures 

A clinician should nowadays suspect coeliac disease if a patient has indicative 
symptoms or belongs to a risk group due to associated disorder(s) (to be introduced 
later in section 2.3.4). Additionally, coeliac disease should be  immediately suspected 
if a person has a family history of coeliac disease, since the risk of developing the 
disease in his/her lifetime is then higher, approximately 10–15% (Catassi et al., 2022). 
The investigations generally begin with laboratory tests to determine the levels of 
serum autoantibodies, notably TG2 antibodies. Since modern serological tests have 
excellent accuracy (Fuchs et al., 2019; Giersiepen et al., 2012; Lewis & Scott, 2006; 
Werkstetter et al., 2017), TG2 antibody values ≥10 times the upper limit of normal 
detection and positive EmA are nowadays considered sufficient criteria for coeliac 
disease diagnosis in children in Europe with no need for small bowel mucosal biopsy 
(Husby et al., 2020). In Finland, the same criterion is also applied to adults  (Coeliac 
Disease. Current Care Guidelines, 2018). If antibody levels are not high enough, 
patients with positive serology are referred to endoscopy and the diagnosis is 
confirmed with the determination of  injury in the duodenal architecture in one 
representative mucosal biopsy from the anatomical bulb and four from the distal 
duodenum (Husby et al., 2020; Ludvigsson et al., 2014).  

There are several challenges and pitfalls that physicians need to be aware of when 
suspecting and further diagnosing coeliac disease. First of all, the awareness of a 
significantly heterogenous phenotype related to coeliac disease is crucial for 
detecting both patients with family history of the disease and patients without known 
coeliac disease cases in their family. In Finland, the key to this has been the concerted 
effort to raise awareness of coeliac disease among both the general public and  
general medical practitioners (Burki, 2019). Nevertheless, coeliac disease is still a 
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highly under-diagnosed disorder, leaving as any as two-thirds of affected individuals 
unrecognized for long (Laurikka et al., 2018). In other words, diagnostic delay in 
coeliac disease is unacceptably long (Gray & Papanicolas, 2010; Norström et al., 
2011). When suspicion of coeliac disease has arisen, patients are often found rapidly 
by a serology-based approach. However, the risk in antibody testing in the case of 
adults is that seronegative patients remain undiagnosed. Possible reasons for 
ostensible seronegativity are, for instance, self-initiated GFD, short period of gluten 
consumption in infants and selective IgA deficiency (Husby et al., 2020). The latter 
can be resolved by testing total IgAs and if an individual turns out to be IgA-
deficient, coeliac disease specific autoantibodies can be measured in IgG class (Chow 
et al., 2012; Collin et al., 1992; Savilahti et al., 1971). However, IgG class 
autoantibodies are less specific and thus cannot serve as the sole basis for a coeliac 
disease diagnosis and a confirmatory small bowel mucosal biopsy with histological 
evaluation is needed (Cataldo et al., 2000). 

2.3 Clinical picture of coeliac disease 

2.3.1 History and general aspects of clinical picture 

The very first account of coeliac disease was written as early as in the second century 
A.D. by the Greek physician Arataeus of Cappadocia, naming the disease as 
“koiliakos” after the Greek word “koelia” which stands for abdomen (Adams, 1856). 
However, it took over 17 centuries before gluten was identified as an environmental 
factor for coeliac disease, intestinal mucosal lesion was detected as a sign for the 
disease and, finally, advanced instrumentation enabled biopsies to be obtained. 
Indeed, coeliac disease was for a long time described simply as chronic enteropathy 
with gastrointestinal symptoms and signs of malabsorption, as also described  in the 
first publication of consensus definition and diagnostic criteria for coeliac disease in 
1970 (Meeuwisse, 1970). When clinicians started to observe that coeliac disease could 
manifest outside the gastrointestinal track and moreover that some patients might 
even be asymptomatic, the clinical presentation of coeliac disease was categorized as 
“classical” (presence of mild to severe gastrointestinal symptoms) or “non-classical” 
(absence of gastrointestinal symptoms). Along with growing knowledge of the 
systemic nature and individual symptom-wise variation of coeliac disease, the 
terminology describing the clinical picture expanded and for years, there was a lack 
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of consensus on the use of terms related to coeliac disease. Thus, a decade ago, the 
descriptors of coeliac disease used in the literature were evaluated, the clinical 
presentations of the disease were collectively identified and the outcome has 
subsequently been referred as the “Oslo definitions” (Ludvigsson et al., 2013).  

Symptoms associated with coeliac disease can be divided into gastrointestinal and 
extraintestinal according to the site of manifestation and a patient may experience 
only one or both types of symptoms. Interestingly, the most common clinical 
presentation of coeliac disease is reported to have changed over time, from the 
severe malabsorption symptoms of paediatric patients to a milder clinical picture  
with primarily extraintestinal symptoms affecting people of all ages (Volta et al., 
2014). In parallel, asymptomatic patients are more common today than before, 
presumably due to screening programmes and active case-finding among coeliac 
disease risk groups (Agardh et al., 2015; McGowan et al., 2009). However, it is 
controversial whether “asymptomatic coeliac disease” truly exists since very often 
asymptomatic patients report impaired quality of life prior to diagnosis and after 
initiation of GFD their previously unrecognized symptoms are alleviated. This 
means that they only recognize the symptoms retrospectively (Rosén et al., 2014; 
Ukkola et al., 2011).  Thus, such patients should rather be classified as suffering from 
subclinical coeliac disease, which means that their disease is below the threshold of 
clinical detection and they experience signs and symptoms that are not sufficient to 
initiate coeliac disease suspicion in routine clinical practice. Additionally,  patients 
have sometimes adapted to the vague symptoms that have persisted for many years 
and do not report them or even seek medical help (Mahadev et al., 2016). Therefore, 
determining the symptoms of coeliac disease is still no easy task. Furthermore, it is 
noteworthy that there is wide individual variation in many symptom-related 
parameters of coeliac disease, such as its existence per se, onset, duration (both before 
and after treatment) and severity. Of note, the association between the degree of 
mucosal damage and the severity of symptoms remains obscure. There are several 
studies showing that patients without villous atrophy may suffer from symptoms or 
even complications and may subsequently develop mucosal atrophy (Kurppa et al., 
2012; Volta et al., 2016) Additionally, those patients often have increased density of 
IELs in their small intestinal mucosa already before the appearance of the symptoms 
(Salmi et al., 2006). By contrast, a recent study by Kröger et al. demonstrated that 
advanced villous atrophy at diagnosis in childhood is associated with more severe 
clinical characteristics but not in the long-term perspective after GFD treatment 
(Kröger et al., 2020). All in all, the factors determining the manner of clinical 
presentation are poorly understood.  
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2.3.2 Gastrointestinal manifestations 

Gastrointestinal symptoms are the most canonical signs of coeliac disease. 
Originally, malabsorptive gastrointestinal symptoms such as chronic diarrhoea, 
steatorrhoea, weight loss and failure to thrive were the typical complaints and still 
refer to “classical coeliac disease” in the Oslo definitions (Ludvigsson et al., 2013). 
Malabsorption is often defined as weight loss and/or presence of characteristic 
laboratory abnormalities, such as anaemia, hypoalbuminemia, low folate or low 
vitamin B12. The classical phenotype has, however, become less frequent over time, 
nowadays seen in 13–50% of coeliac disease patients (Dominguez Castro et al., 2017; 
Spijkerman et al., 2016; Volta et al., 2014). At the same time, many other, usually 
milder gastrointestinal symptoms have been recognised (Husby et al., 2020; Kivelä 
et al., 2015; Tapsas et al., 2016). These symptoms include nausea, vomiting, 
abdominal pain, bloating, heartburn, loose stool, flatulence and constipation. 
Symptoms are, however, always subjective and expressed verbally to a clinician. 
Severity of symptoms varies significantly across patients and needs to be discovered 
and defined. Generally, severity of symptoms depends upon the patient’s self-
reported experience but could for research purposes be categorized for example as 
“none”, “mild”, “moderate” and “severe”. The presence and severity of 
gastrointestinal symptoms can be evaluated using structured and validated 
questionnaires, for instance the Gastrointestinal Symptom Rating Scale (GSRS) 
measuring self-reported symptoms with 15 selected questions (Svedlund et al., 1988).  

2.3.3 Extraintestinal manifestations 

Reflecting its systemic nature, coeliac disease also presents with various 
extraintestinal signs and symptoms affecting almost any organ. Actually, 
extraintestinal manifestations account for a substantial proportion of the clinical 
phenotypes of coeliac disease. Gastrointestinal manifestation of malabsorption is 
generally paralleled by deficiencies of certain vitamins (A, D, E and K) and 
micronutrients (vitamin B12, iron, folic acid and calcium) which may be reflected in 
extraintestinal complaints such as weight loss, failure to thrive, low bone mineral 
density and anaemia (Visakorpi & Mäki, 1994). Actually, anaemia is one of  the most 
common, and sometimes even the sole extraintestinal presentation of untreated 
coeliac disease (Martín-Masot et al., 2019) and has been associated with clinically 
more severe forms of the disease (Berry et al., 2018; Singh et al., 2014). Another well-
established extraintestinal manifestation of coeliac disease is dermatitis herpetiformis, a 
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cutaneous condition that presents with a pruritic blistering rash and granular IgA 
precipitates against transglutaminase 3 enzyme (TG3) in the papillary dermis (Marks 
et al., 1966; Reunala, 2001). Other extraintestinal manifestations include dental 
enamel defects (Aine et al., 1990),  aphtous ulcerations (Ferguson et al., 1980), 
migraine (Gabrielli et al., 2003), arthritis (Lubrano et al., 1996), abnormal liver values 
(Äärelä et al., 2016; Farre et al., 2002) and even infertility (Collin et al., 1996). 
Psychiatric and neurological ailments reportedly associated with coeliac disease 
include depression, anxiety and most severely gluten ataxia (Briani et al., 2005). 

2.3.4 Co-morbidities 

Coeliac disease has been recognized to coexist with a spectrum of other disorders, 
mostly conditions of autoimmune origin. These include type 1 diabetes mellitus 
(T1D)(M. Mäki et al., 1984), autoimmune thyroidal diseases (Roy et al., 2016) and 
Sjögren’s syndrome (Iltanen et al., 1999). In fact, the estimated prevalence of any 
other autoimmune disorders among coeliac disease patients may reach up to 31% 
(Viljamaa et al., 2009). Further examples of disorders associated with coeliac disease 
are selective IgA deficiency (McGowan et al., 2008) as well as chromosomal 
disorders such as Down’s and Turner’s syndromes (Gale et al., 1997; Marild et al., 
2016). The risk for malignancies was previously suggested to be higher and likewise 
the risk of mortality among coeliac disease patients than among general population. 
Later on, however, the general risk of cancer as well as all-cause mortality has been 
reported to be comparable to those in normal population. Nevertheless, coeliac 
disease patients still have an elevated risk of non-Hodgkin lymphoma (Holmes et al., 
1989; Koskinen et al., 2022; Tio et al., 2012). 

2.4 Management of coeliac disease 

2.4.1 Dietary treatment 

Long ago, when the environmental driver of coeliac disease was still unknown, 
various dietary treatment options were experimented with to alleviate the symptoms 
of coeliac disease patients. The first person to suspect that wheat-containing 
products might contain the triggering agent, in the 1930s, was the Dutch clinician 
Dicke. Later, he became  even more convinced of his suspicion since the clinical 
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condition of his young patients  improved when  bread was in short supply during 
the Second World War (Dicke et al., 1953). Hence, Dicke is considered a pioneer of 
GFD and indeed, in the early 1960s, avoidance of gluten was confirmed to be an 
effective treatment for coeliac disease (Collins & Isselbacher, 1964; Van Berge-
Henegouwen & Mulder, 1993). A strict life-long GFD is the only accepted and 
curative treatment for coeliac disease and practically means total removal from the 
diet of wheat, rye, barley as well as products with added gluten. In practice, absolute 
avoidance of gluten is impossible. In Europe for example, foodstuffs labelled 
“gluten-free” may contain trace amounts of gluten, but the amount of it must not 
exceed 20 mg/kg (European Commission, 2014). Since only a gluten amount starting 
from 30-100 mg per day has been reported to injure the small-bowel mucosal 
structure (Catassi et al., 2007; Collin et al., 2004), that should be tolerated by the vast 
majority of coeliac disease patients. Nevertheless, gluten tolerance is individual and 
a universally valid safety margin for gluten ingestion is very challenging to set 
(Lähdeaho et al., 2011). Purified oats are widely reported to be safe for the majority 
of coeliac disease patients and their long-term usage may even be beneficial for 
patients in terms of improved quality of life  (Aaltonen et al., 2017; Holm et al., 2006; 
Pinto-Sánchez et al., 2017). There is still variation in national guidelines and in some 
countries consumption of oats on GFD is not recommended. 

Even though the responsiveness to dietary treatment also varies individually, for 
the majority of coeliac disease patients GFD is recuperative, alleviating rapidly both 
gastrointestinal and extraintestinal symptoms and lowering serum autoantibody titers 
within weeks to months (Haines et al., 2008; Murray et al., 2004). In the case of small 
intestinal mucosa, the recovery time is significantly longer, taking usually more than 
a year. Nevertheless, approximately 90% of patients achieve full histological 
remission after five years (Hære et al., 2016; Newnham et al., 2016). Patients with 
dermatitis herpetiformis are often prescribed treated with an additional anti-
inflammatory dapsone medication for the first couple of years after diagnosis to 
control the rash (Reunala, 2001). In addition, GFD has been demonstrated to 
eliminate the elevated risk of malignancies and mortality associated with untreated 
coeliac disease (West et al., 2004). Nevertheless, there is also a small subset of 
patients who do not respond to GFD regardless of their good adherence to the diet. 
Such non-responsiveness is generally due to co-existing diseases, for example 
irritable bowel syndrome (IBS) or gastroesophageal reflux disease (GERD) (Barratt 
et al., 2011; Volta et al., 2014). The reason for non-responsiveness may be, very 
seldom though, small-bowel lymphoma or refractory coeliac disease (RCD). RCD is 
a severe and unresponsive form of the disease among adult patients with a high risk 



 

34 

of complications (Dewar et al., 2012; Ilus et al., 2014). In the case of RCD, 
immunomodulators, biologic agents and even chemotherapy for the most severe 
cases have been tried to manage the disease (Hujoel & Murray, 2020).   

2.4.2 Alternative treatment options 

GFD is considered burdensome for several reasons. For example, strict adherence 
to the diet is laborious, gluten-free products are costly and the diet is socially 
restrictive. Moreover, patients experiencing only mild symptoms or who are 
asymptomatic may regret being diagnosed with coeliac disease. This may lead to poor 
compliance with the diet and further increase the risk of complications (White et al., 
2016). For all these reasons, coeliac disease patients are interested in alternative 
treatment options to supplement or replace GFD (Tennyson et al., 2013; Ukkola et 
al., 2012).  Novel treatment options have been sought for years, targeting different 
points and key players in coeliac disease pathogenesis (Kivelä et al., 2021). One of 
the candidates is CCX282-B, an orally-administered antagonist of C-C motif 
chemokine receptor 9 (CCR9) whose efficacy and safety have been investigated in a 
randomized double-blind placebo-controlled phase 2 study (ClinicalTrials.gov 
identifier: NCT00540657). It was hypothesized that CCX282-B could mitigate the 
harmful effects of gluten ingestion in patients with coeliac disease by regulating 
migration and activation of inflammatory cells in the small intestine. However, the 
results of this clinical trial remain unpublished. In addition to CCX282-B, other 
candidate drugs have already undergone phase 2–3 clinical studies with published 
results. Such therapies include gluten-degrading oral enzymes, cytokine therapies and 
induction of tolerance to gluten ingestion (Verdu & Schuppan, 2021). Among the 
most promising of these is the inhibition of TG2 with ZED1227, a selective oral 
TG2 inhibitor, which in the preliminary trial attenuated gluten-induced duodenal 
mucosal damage (Schuppan et al., 2021).   

2.4.3 Follow-up  

Follow-up is important and recommended part of coeliac disease treatment since it 
provides support for patients adapting to the demanding life-long diet and 
subsequently promotes alleviation of symptoms and recuperation of small-bowel 
mucosa. In addition, it enables prevention and early detection of possible 
complications and co-morbidities (Haines et al., 2008; S. Husby et al., 2012; Valitutti 
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et al., 2017). Nevertheless, there is no consensus on specific follow-up practices. 
Some studies propose annual follow-up appointments with a physician and/or 
dietitian, which has also been supported by patients (Bebb et al., 2006; Haines et al., 
2008). In terms of follow-up biopsy, according to some studies, it could be 
recommended for adult patients after one year on GFD (Rubio-Tapia et al., 2010; 
Sharkey et al., 2013) but this recommendation has been challenged, especially in the 
case of asymptomatic patients with no other characteristics suggesting an increased 
risk of complications (Ludvigsson et al., 2014). In Finland, a clinical and serological 
check-up for adult patients is recommended one year after diagnosis at the latest. If 
response to diet is good, follow-up may take place less frequently, every 2–3 years, 
for example. In the case of children and patients with dermatitis herpetiformis the need 
for follow-up frequency is evaluated case-by-case. A routine follow-up biopsy is not 
recommended unless the response to diet is poor or the patient was seronegative or 
presented with severe clinical findings at diagnosis. In case of paediatric patients, a 
follow-up biopsy is taken very seldom (Coeliac Disease. Current Care Guidelines, 
2018). It is noteworthy to mention here that RCD is extremely rare in children. In 
fact, more criticism about the actual need and time frame of follow-up biopsy has 
been published supporting a more personalized course of action in coeliac disease 
follow-up in general (Pekki et al., 2015; Pekki et al., 2017; Rubio-Tapia et al., 2013).  

2.5 Pathogenesis of coeliac disease 

2.5.1 Gluten and other environmental factors 

The most important identified environmental factor in coeliac disease is gluten, or, 
to be precise, gluten-derived peptides resistant to proteolysis of digestive enzymes 
that trigger disease pathogenesis (Shan et al., 2002). Gluten forms the main protein 
content of wheat, rye and barley grains. In wheat, gluten can be further divided into 
prolamins gliadins and glutenins, the former being the major source of immunogenic 
peptides for coeliac disease patients. The corresponding harmful prolamins are called 
secalins in rye and hordeins in barley. (Lindfors et al., 2019; Wieser, 2007).  

Additional environmental factors besides gluten contributing to coeliac disease 
pathogenesis have been proposed and studied, but their association with disease 
development remains generally somewhat inconclusive. Nevertheless, there is, for 
example, some evidence on the role of intestinal microbiota imbalance and viral 
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infections in the onset of coeliac disease (Kemppainen et al., 2017; Verdu & 
Caminero, 2017; Wacklin et al., 2014), but their clear causality remains obscure. 
Interestingly, however, a high gluten intake has been suggested to increase the risk 
of coeliac disease among at-risk children. Moreover, it has been even demonstrated 
to have a cumulative effect in the development of coeliac disease together with 
enterovirus infections during the first two years of life (Andrén Aronsson et al., 2019; 
Lindfors et al., 2020). 

2.5.2 Role of HLA region 

Alleles for HLA-DQ2.5 and HLA-DQ8, the strongest and best-characterized 
allotypes in coeliac disease, are located in HLA region. The HLA region is part of 
the Major Histocompatibility Complex (MHC), highly polymorphic and the most 
gene-dense region of the human genome occupying a 4 Mb segment on the short 
arm of chromosome 6 (6p21, precisely). MHC is divided into three regions: classes 
I, II and III, consisting of altogether over 200 protein-coding genes of which 
approximately 40% are immune-related (Douillard et al., 2021). The class II region 
includes HLA-DQ locus that is involved in coeliac disease. The locus contains genes 
HLA-DQA1 and HLA-DQB1 encoding respectively α and β subunits, which form 
a heterodimeric HLA-DQ molecules expressed on the surface of antigen presenting 
cells (APCs) (Figure 1). These heterodimers have an essential role in the initiation of 
adaptive immune response by binding foreign peptides to be presented to CD4+ T 
cells (Figure 2). An abundance of genetic polymorphisms found in HLA-DQ region 
affects the peptide binding and presentation repertoire of the expressed HLA-DQ 
molecules by altering the amino acids in their peptide-binding groove (van Heel et 
al., 2005). 

In coeliac disease, the most permissive combination of alleles consists of HLA-
DQA1*05 and HLA-DQB1*02 that encode heterodimer HLA-DQ2.5 which is 
present in more than 90% of coeliac disease patients (Sollid et al., 1989; Sollid, 2017). 
However, the presence of this HLA-haplotype within the patient population may 
differ in different populations. HLA-DQ8 heterodimer on the other hand is encoded 
by the alleles DQA1*03 and HLA-DQB1*03:02 and is present in approximately 20% 
of patients. Coeliac disease patients negative for both HLA-DQ2.5 and HLA-DQ8 
(approx. 5% of all patients) encode mainly HLA-DQ2.2, another variant of DQ2, 
where α chain is encoded by allele DQA1*02 (instead of DQA1*05 as in HLA-
DQ2.5) (Almeida et al., 2016; Liu et al., 2014; Mubarak et al., 2013)(Figure 1).  
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The HLA-DQ2.5 molecule is usually encoded on the same haplotype (cis), which 
means that alleles encoding α and β subunits are located in the same chromosome 
and thus inherited from one parent. Conversely, and more rarely, subunits are 
encoded by alleles residing on different chromosomes (trans) and thus inherited one 
from each parent (Figure 1). In addition to substantial polymorphism, there is a 
strong linkage disequilibrium (LD) in the HLA locus. It means that variants some 
distance apart form haplotypes occurring together significantly more often than 
would be randomly expected. The first such haplotype reported was A1-B8-DR3 
extended HLA haplotype (also known as 8.1 ancestral haplotype or AH8.1) that is 
highly conserved and associated with multiple autoimmune diseases such as type 1 
diabetes and autoimmune thyroid disease, in addition to coeliac disease (Price et al., 
1999; Sollid, 2017; van Heel et al., 2005).  

A patient is at risk of developing coeliac disease when possessing any of the HLA-
DQ2.5, HLA-DQ8 or HLA-DQ2.2 heterodimers (Figure 1). There is, however, a 
very small group of patients negative for the aforementioned heterodimers. These 
patients almost exclusively encode a very low-risk heterodimer HLA-DQ7.5 which 
is commonly denoted as HLA-DQ7.  The risk of coeliac disease is greater in the case 
of a person encoding two predisposing heterodimers and particularly high (fivefold 
risk compared to HLA-DQ2.5 heterozygotes) in the case of HLA-DQ2.5 
homozygote (Margaritte-Jeannin et al., 2004; Megiorni et al., 2009; Ploski et al., 
1993). Nonetheless, studies on the so-called gene dose effect of HLA-DQ2.5 on 
disease severity and clinical outcomes have produced inconsistent results, the study 
settings being  rarely comparable (Bajor et al., 2019).  
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Figure 1.  Genetic background of coeliac disease associated HLA-DQ molecules. Alleles from HLA-
DQ and HLA-DR genes residing in Major Histocompatibility Complex (MHC) in 
chromosome 6 determine haplotypes coding for corresponding HLA-DQ2.5, HLA-DQ2.2 
and HLA-DQ8 molecules involved in coeliac disease pathogenesis. The level of 
predisposition for each formed HLA-DQ heterodimer is also shown. Figure created with 
Biorender.com.
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2.5.3 Adaptive immune mechanisms 

Immunopathogenesis of coeliac disease involves both innate and adaptive immune 
responses. Adaptive immune activities of coeliac disease pathogenesis can be 
regarded to initiate when immunogenic gluten peptides, originating from incomplete 
digestion in the gut lumen, enter the small intestinal lamina propria by crossing the 
epithelial layer via paracellular or transcellular pathways (Heyman et al., 2012; 
Lindfors et al., 2019)(Figure 2). Gliadin peptides are deamidated by ubiquitously 
expressed enzyme TG2, and this deamidation has been thought to occur in the 
lamina propria. However, a recent study by Iversen et al. proposes that the site of 
action for deamidation is instead the gut lumen (Iversen et al., 2020). Either way, 
glutamine residues at key positions in gliadin peptides are replaced by glutamic acid 
making gliadin peptide negatively charged (Fleckenstein et al., 2002). This 
modification further increases the affinity of gliadin peptide to the antigen-binding 
groove of HLA-DQ2 or -DQ8 on the surface of APCs (Kim et al., 2004; Molberg 
et al., 1998), which may, for example be dendritic cells. APCs acquire a 
proinflammatory phenotype and migrate to the mesenteric lymph nodes (inductive 
site), where they contribute to T cell activation by presenting gliadin peptides to 
CD4+ T cells. Naïve CD4+ T cells have travelled to the mesenteric lymph node 
from the thymus (differentiation site) and after encountering APCs through their T 
cell receptors (TCRs), differentiate into gluten-specific CD4+ T cells. These 
inflammatory effector cells migrate to the lamina propria (effector site) creating an 
inflammatory milieu by secreting inflammatory cytokines such as interferon gamma 
(IFN-γ) and interleukin 21 (IL-21)(Abadie et al., 2011; Catassi et al., 2022). In 
addition, gluten-specific CD4+ T cells provide help to gluten- and TG2-specific B 
cells by activating them. These B cell populations have arisen by recognizing gliadin 
peptides and TG2-gliadin complexes as antigens via their B cell receptors (BCRs). 
They have also been proposed to act as APCs in coeliac disease pathogenesis. 
Activated B cells further differentiate into plasma cells that secrete autoantibodies 
against gliadin and TG2 (Abadie et al., 2011; Lindfors et al., 2019; Verdu & 
Schuppan, 2021). TG2-abs especially have been suggested to have an active role in 
coeliac disease pathogenesis, for example, by maintaining inflammation and 
provoking mucosal damage (Kalliokoski et al., 2017; Korponay-Szabó et al., 2004; 
Rauhavirta et al., 2019), even though contrary results have also been reported  
(Lindstad et al., 2022).
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2.5.4 Innate immune mechanisms  

Innate immune responses are suggested to be triggered by certain gluten peptides, 
enteric infections or α-amylase-trypsin inhibitors (ATIs) originating from wheat 
(Lindfors et al., 2019). A characteristic feature of mucosal inflammation in coeliac 
disease is an increasing count of IELs in the small intestinal epithelium, usually 
exceeding 25/100 enterocytes, whereas in the case of healthy mucosa the count is 
approximately 10/100 enterocytes (Corazza et al., 2007; Olivares-Villagómez & Van 
Kaer, 2018; Walker et al., 2010). IELs are a heterogenous T cell population that can 
be divided into two major groups, αβTCR+ and γδTCR+ cells. In homeostasis, IELs 
are responsible for maintaining epithelial integrity by eliminating infected cells and 
promoting epithelial repair activities (Sheridan & Lefrançois, 2010). In coeliac 
disease, by contrast, these cells have become dysregulated. IELs take part in innate 
immune responses as cytotoxic CD8+ T cells which have been stimulated by CD4+ 
T cells, key players in adaptive immunity, through IFN-γ and IL-21 signalling (Jabri 
& Sollid, 2017)(Figure 2). Cytotoxic IELs destroy the enterocytes of the intestinal 
barrier thus promoting epithelial permeability and the development of villous 
atrophy. These cytotoxic and apoptotic responses are mediated through several 
distinct receptor interactions such as that between killer activation receptor NKG2D 
expressed by IELs and stress-induced self-antigen MICA expressed by epithelial cells 
(Abadie et al., 2011; Du Pré & Sollid, 2015).  

Another important mediator of innate immunity in coeliac disease 
immunopathogenesis is interleukin 15 (IL-15). In coeliac disease, IL-15 has been 
observed to be over-expressed both in the epithelial layer and in the lamina propria. 
It contributes to licensing IELs to kill epithelial cells by upregulating NKG2D 
expression and inhibits the function of regulatory T cells (Tregs) which further 
provokes proinflammatory actions of CD4+ effector T cells, mucosal injury and loss 
of oral tolerance. (Jabri & Abadie, 2015; Mention et al., 2003; Zorro et al., 2020). 
Additionally, the secretion of interferon alpha (IFN-α) and interleukin 18 (IL-18) by 
dendritic cells is also regarded as a hallmark of innate immunity in coeliac disease 
pathogenesis (Di Sabatino et al., 2007; Salvati et al., 2002).  
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2.5.5 Non-HLA regions 

The genome-wide association studies (GWAS) conducted on samples from different 
populations geographically remote from each other started the new era of genetic 
research on complex diseases. Coeliac disease was among the first of these (Van Heel 
et al., 2007). The first rounds of GWAS and follow-up studies identified 43 new loci 
associated with coeliac disease development, also confirming the role of the HLA 
region (Dubois et al., 2010; Garner et al., 2009; Hunt et al., 2008; Trynka et al., 2011; 
Van Heel et al., 2007). To date, the number of loci outside the HLA region reportedly 
associated with coeliac disease is verging on 50 and the number of candidate genes 
residing in these regions is nearly twice that number (Table 1) (Appendix 1). The 
associated non-HLA regions comprise LD blocks generally consisting of multiple 
genes. Thus, identified coeliac disease associated SNPs tag risk haplotypes, rather 
than being causal variants associated with the disease themselves (Abadie et al., 
2011). Nevertheless, more than half of the coeliac disease associated genetic variants 
affect the expression levels of at least one gene in their proximity. Such SNPs are 
termed cis expression quantitative trait loci (cis eQTL) SNPs (Westra & Franke, 2014). 
Even though it is challenging to precisely pinpoint which genes are most likely causal 
in terms of coeliac disease pathogenesis, the substantial number of reported SNPs 
reside in proximity to genes involved in immune functions (Gnodi et al., 2022). 
Moreover, the great majority of loci are also associated with other autoimmune 
diseases as well, as shown in Table 1. 

Some examples of candidate genes harbouring coeliac disease associated SNPs 
and involved in immunity and/or immunopathological pathways related to coeliac 
disease are marked in green in Figure 2. RUNX3 and THEMIS are involved in the 
thymic differentiation of CD8+ T cells and CD4+T cells respectively. TLR7, TLR8 
and IRF4 are involved in viral recognition facilitating dendritic cells in the lamina 
propria in acquiring proinflammatory phenotype. Class II major histocompatibility 
complex transactivator (CIITA) is an example of a non-HLA gene that takes part in 
the process where APCs present gliadin peptides to CD4+ T cells. There are several   
genes (e.g., CD247, CD80, SH2B3, FASLG, CTLA4, TAGAP, PTPN2, ICOS and 
IL18RAP) that promote T cell activation and differentiation into gluten-specific 
CD4+ T cells. Some genes, such as IL21, which has potent regulatory effects on 
numerous cell types, are implicated in multiple distinct pathways at several levels, 
inducing cell division and proliferation. Some genes are involved in cell migration 
(e.g. CCR9, MAP3K7 and RGS1) and others in the regulation of tumour necrosis 



 

43 

factor (TNF)-dependent pathways (TNF superfamily including TNFAIP3, TNFSF4 
and TNFRSF14) (Abadie et al., 2011; Withoff et al., 2016). 

While the HLA locus contributes over 40% of coeliac disease heritability, 
individual non-HLA loci associated with the disease have a fairly slight impact on 
disease heritability. Nevertheless, their combined effect accounts for an additional 
20% of genetic susceptibility to coeliac disease and may be utilized in determining 
genetic risk score (GRS) (Abraham et al., 2014; van der Graaf et al., 2021). However, 
40% of coeliac disease heritability remains unknown. While there is a remarkable 
concordance between general findings from GWAS and current immunological 
models, the impact of SNPs identified on the immunological and clinical phenotypes 
of coeliac disease remains to be investigated.
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Table 1.  Non-HLA regions associated with coeliac disease and possibly other autoimmune 
and/or inflammatory diseases 

Chromosomal  
region 

Candidate gene(s) 
in the regiona 

Association with other autoimmune 
and/or inflammatory diseaseb Reference 

1p13.2 
RSBN1, PTPN22, PHTF1, 
AP4B1-AS1, DCLRE1B, 

MAGI3, AP4B1 

RA, T1D, SLE, JIA, CrD, VIT, AAV, GD, 
AD, MG Tizaoui et al. 2019 

1p31.3 NFIA AS, PBC, PS, UC * Coleman et al. 2016 

1p36.11 RUNX3 AS, PS  Apel et al. 2013 
1p36.23 PARK7, TNFRSF9 PS Tsoi et al. 2012 

1p36.32 TNFRSF14, MMEL1, 
PRXL2B, TTC34 RA Coenen et al. 2009 

1q24.2 CD247 RA, SSc Dexiu et al. 2022 

1q24.3 FASLG, TNFSF18, TNFSF4 SJO, SSc, SLE Teruel & Alarcón-Riquelme 2016 
1q25.3 NCF2, SMG7 SLE Graham et al. 2011 

1q31.2 RGS1 T1D, MS Esposito et al. 2010, 
Smyth et al. 2008 

1q32.1 INAVA IBD Rivas et al. 2011 
1q41 DUSP10  Östensson et al. 2013 
2p14 PLEK  Sharma et al. 2016 
2p15–16.1 PUS10 CrD Festen et al. 2011 
2p16.1 REL RA Gregersen et al. 2009 

2q12.1 IL18R1, IL18RAP T1D, CrD, UC Smyth et al. 2008, 
Zhernakova et al. 2008 

2q31.3 ITGA4, UBE2E3  AS * Garner et al. 2009 

2q32.2–
32.3 STAT4 RA, PBC, SJO, JIA, SLE 

Lessard et al. 2013, Mells et al. 
2011, Prahalad et al. 2009, 
Shancui-Zheng et al. 2022, 

Zhernakova et al. 2011 

2q33.2 CD28, CTLA4, ICOS RA, SLE, T1D, GD, 
PBC, AD 

Barreto et al. 2004, Barrett et al. 
2009, Blomhoff et al. 2004, 

Pawlak-Adamska et al. 2017, 
Qiu et al. 2017, 

Raychaudhuri et al. 2009 
3p14.1 FRMD4B  Garner et al. 2014 

3p21.31 CCR1, CCR2, CCRL2, CCR3, 
CCR5, CCR9, LTF T1D Smyth et al. 2008 

3p22.3 CCR4, GLB1 MS * Dubois et al. 2010 
3q13.33 CD80, POGLUT1, ARHGAP31 PBC Mells et al. 2011 

3q25.33 IL12A, SCHIP1 MS, PBC, SJO, SLE, SSc 
Esposito et al. 2010, 
Lessard et al. 2012, 
Lessard et al. 2013, 

Qiu et al. 2017 
3q28 LPP RA, VIT Coenen et al. 2009, 

Jin et al. 2010 

4q27 BLTP1, ADAD1, IL2, IL21 RA, T1D, UC 
Barrett et al. 2009, 
Festen et al. 2009, 

Zhernakova et al. 2007 
6p25.3 IRF4 PS, RA * Trynka et al. 2011 

6q15 BACH2, MAP3K7 T1D, AD, RA, VIT 
Barrett et al. 2009, Eriksson et al. 

2021, Jin et al. 2012, 
McAllister et al. 2013 
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aPlease see the entire list of genes in Appendix 1. 
bAssociations are found through GWAS or candidate gene approaches unless marked with * when the region has shared 
genetics with coeliac disease according to www.immunobase.org. 
AA, alopecia areata; AAV, anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis; AD, Addison’s disease; AS, 
ankylosing spondylitis; CrD, Crohn's disease; GD, Grave’s disease; IBD, inflammatory bowel disease; JIA, juvenile idiopathic 
arthritis; MG, myasthenia gravis; MS, multiple sclerosis; PBC, primary biliary cholangitis; PS, psoriasis; PSC, primary sclerosing 
cholangitis; RA, rheumatoid arthritis; SJO, Sjögren's syndrome; SLE, systemic lupus erythematosus; SSc, systemic sclerosis; 
T1D, type 1 diabetes; UC, ulcerative colitis; VIT, vitiligo. 

Chromosomal 
region 

Candidate gene(s) 
in the regiona 

Association with other autoimmune 
and/or inflammatory diseaseb Reference 

6q22.33 PTPRK, THEMIS CD, IBD, MS, T1D * Dubois et al. 2010 

6q23.3 TNFAIP3, OLIG3 RA, SLE, PS, JIA 
Graham et al. 2008, Plenge et al. 

2007, Prahalad et al. 2009, 
Tsoi et al. 2012 

6q25.3 TAGAP T1D, RA, MS, CrD, PS 
Eyre et al. 2010, 

Festen et al. 2011, 
Patsopoulos et al. 2011, 

Tsoi et al. 2012 
7p14.1 ELMO1 JIA Nikopensius et al. 2021 
8q24.21 PVT1 CrD IBD MS RA * Dubois et al. 2010 
10p15.1 PFKFB3, PRKCQ RA Coenen et al. 2009 

10q22.3 ZMIZ1 CrD, PS, MS Ellinghaus et al. 2012, 
Patsopoulos et al. 2011 

11q23.1 POU2AF1, COLCA1, 
COLCA2 

PBC Nakamura et al. 2012 

11q23.3 TREH, DDX6 RA, SJO, SLE, VIT 
Lessard et al. 2013, 
Zhang et al. 2014, 
Zhao et al. 2017, 

Zhernakova et al. 2011 

11q24.3 ETS1 MS, SLE, AS, RA 
Chen et al. 2015, Lill et al. 2015, 

Shan et al. 2014, 
Yang et al. 2010 

12q24.12 SH2B3, ATXN2 RA, T1D, PBC, 
PSC, JIA, VIT 

Hinks et al. 2013, Jin et al. 2012, 
Liu et al. 2012, Liu et al. 2013, 

Smyth et al. 2008, 
Zhernakova et al. 2011 

14q24.1  ZFP36L1 MS, RA Beecham et al. 2013, 
Kwon et al. 2020 

15q24.1–24.2 CLK3, CSK SLE * Trynka et al. 2011 

16p13.13 CIITA, SOCS1, CLEC16A, 
PRM1, PRM2 T1D, MS, RA, SLE 

Booth et al. 2008, 
Bronson et al. 2011, 

Lima et al. 2021 

18p11.21 PTPN2 RA, T1D, CrD, JIA 
Barrett et al. 2009, Cobb et al. 

2013, Festen et al. 2011, 
Thompson et al. 2010 

20q13.12 ZNF335 CrD, IBD, MS, RA * Coleman et al. 2016 
21q22.12 RUNX1 RA Gutierrez-Achury et al. 2016 

21q22.3 ICOSLG, UBASH3A AA, CrD, T1D, UC 
Barrett et al. 2008, 
Barrett et al. 2009, 

Conteduca et al. 2014, 
Wang et al. 2010 

22q11.21 UBE2L3, YDJC CrD, PS, RA, SLE Ellinghaus et al. 2012, 
Orozco et al. 2011 

Xp22.2 TLR7, TLR8 SLE, T1D, VIT Cooper et al. 2009, Shen et al. 
2010, Traks et al. 2015 

Xq28 HCFC1, TMEM187, IRAK1 RA, SLE Han et al. 2013, 
Kaufman et al. 2013 
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2.5.6 Candidate genes CCR9 and CCL25 

The pathogenesis of coeliac disease comprises activation and recruitment of 
inflammatory cells. These cells are attracted to the small intestine from secondary 
lymphoid tissue through chemotaxis. This chemotactic process involves gut-homing 
chemokine CC motif chemokine ligand 25 (CCL25, formerly termed thymus-
expressed chemokine, TECK) and its specific receptor CC motif chemokine 
receptor 9 (CCR9) (Papadakis et al., 2000; Zaballos et al., 1999). CCL25 is 
predominantly expressed by thymic and small intestinal epithelial cells and serves as 
a chemoattractant for CD4+ and CD8+ T lymphocytes that express CCR9 on their 
cell surface (Kunkel et al., 2000; Wurbel et al., 2000)(Figure 2). CCR9 is a G protein-
coupled receptor belonging to the β chemokine receptor family. Gene CCR9 is 
located in 3p21.31, the locus that was found to be associated with coeliac disease in 
a follow-up study performed after the first GWAS  and also subsequently replicated 
(Hunt et al., 2008; Sharma et al., 2016) . Gene CCL25 maps to locus 19p13.2, which 
is relatively proximal to locus 19p13.11, with MYO9B as a candidate gene that has 
been reported to show a strong linkage to coeliac disease even though the  
association observed has been population-specific (Koskinen et al., 2008; Monsuur 
et al., 2005; Van Belzen et al., 2003). Nevertheless, the coverage of SNPs at CCR9 
and CCL25 loci in earlier studies focusing coeliac disease associations has been 
limited. 

In addition to playing a central role in homing immune cells to the small intestine, 
the main organ affected by coeliac disease, there is functional evidence of the 
involvement of the CCR9-CCL25 axis in coeliac disease by several other means. 
Firstly, CCR9-positive dendritic cells are key players in maintaining gut homeostasis 
and tolerance by regulating the phenotype and function of both innate and adaptive 
immune cells (Pathak & Lal, 2020). Secondly, the number of circulating CCR9-
positive type 2 conventional dendritic cells has been reported to be increased in 
untreated coeliac disease while the quantity of intestinal CCR9-positive T cells is 
diminished. (Escudero-Hernández et al., 2020; Olaussen et al., 2007). Interestingly, 
an oral CCR9 inhibitor has served as a drug candidate in a clinical trial aiming to 
develop an alternative treatment for coeliac disease (ClinicalTrials.gov identifier: 
NCT00540657).  
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3 AIMS OF THE STUDY 

The aim of this dissertation was to investigate the phenotypic and genotypic 
differences between familial and sporadic coeliac disease and to examine the 
contribution of various genetic factors predisposing to coeliac disease to the clinical 
phenotype of the disease. 
 
 
The specific aims in Studies I–III were: 
 

I. To compare familial and sporadic coeliac disease in terms of the patients’ 
HLA and non-HLA genetics, also clinical, histological and serological 
presentation at diagnosis and physical and psychological well-being and 
treatment compliance on GFD. 
 

II. To investigate whether HLA-DQ2.5 allele dose is associated with 
different clinical parameters at the time of coeliac disease diagnosis and 
with patients’ response to GFD. 

 
III. To identify SNPs in CCR9 and CCL25 genomic regions having 

predicted functional effect and/or possessing exonic location and to test 
their association with coeliac disease and its distinct clinical phenotypes. 
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4 MATERIALS AND METHODS  

4.1 Ethical considerations 

All study protocols in this dissertation were in accordance with the 1964 Helsinki 
Declaration and its later amendments. The study design, patient recruitment and 
collection of patient record data were approved by the Regional Ethics Committee 
of Tampere University Hospital with ethical approval numbers R05183, E98012 and 
R03060. Additionally, for the healthy controls in Study III, approvals (558/E3/2001 
for FINRISK and 407/E3/2000 for Health 2000) were granted by the Ethics 
Committee of the National Institute for Health and Welfare and the Ethics 
Committee in Epidemiology and Public Health in the Hospital District of Helsinki 
and Uusimaa. Written informed consent was obtained from all individual 
participants (or in the case of children from their legal guardians) included in the 
studies. This dissertation does not include any studies with animals. 

4.2 Study participants  

4.2.1 Patients (Studies I–III) 

Data from over 1,134 Finnish biopsy-proven coeliac disease patients, both children 
and adults, was utilized in all three independent studies of this dissertation. The 
distribution of study participants and their number in each of the independent 
studies is shown in a flowchart in Figure 3. 

A large and well-defined dataset collected as part of the coeliac disease family 
study R05183 in 2006-2010 made up a major part of the patient data utilized in the 
studies of this dissertation. Some of these patients were already HLA-DQ-genotyped 
when participating in earlier studies and thus the respective study codes for these are 
E98012 or R03060. In addition to the coeliac disease index cases, R05183 included 
over 3,000 family members. Participants contributing to this dataset were recruited 
by a nation-wide search with the help of the national and local coeliac disease 
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societies and by means of announcements in the media. In Study I, previously 
undiagnosed relatives found to have positive coeliac disease specific serology in the 
screening were referred to gastrointestinal endoscopy. If, based on biopsy, these 
individuals were confirmed as new cases, they were also considered affected family 
members. Moreover, relatives who refused the endoscopy but who had positive 
serum EmA and TG2 autoantibody values were also regarded as affected family 
members for the purposes of this study. This assumption was based on the evidence 
that seropositivity for EmA and TG2 affords excellent specificity for coeliac disease 
(Coeliac Disease. Current Care Guidelines, 2018; Kurppa et al., 2012). Patients 
having relatives with inconclusive serology and no biopsy were excluded from 
further analyses, likewise patients with obscure family history, non-coeliac gluten 
sensitivity or only self-reported coeliac disease. Finally, Study I consisted of 1,064 
coeliac disease patients, who were divided into “familial cases” (n = 761) with one or 
more affected relatives and “sporadic cases” (n = 303) with no relatives diagnosed 
with coeliac disease (Fig. 3).  

In Study II, only one patient from each family was randomly included in order to 
avoid false positive findings due to trait correlation between genetically related 
individuals. The final study cohort included 605 coeliac disease patients (567 from 
dataset R05183, 34 from R03060 and 4 from E98012) who were further divided into 
four different age groups: 0–6 years, 7–20 years, 21–65 years and >65 years, resulting 
in 124 children (<21 years of age) and 476 adults. 

In Study III, in order to avoid bias (inflation of type 1 error), only one randomly 
selected coeliac disease patient per family with full genotype available was included 
in the final study cohort, resulting in 625 cases. Additional DNA samples of 144 
HLA-DQ2-positive biopsy-proven coeliac disease patients from dataset R05183 
were utilized in the sequencing project of CCR9 and CCL25 exonic regions. 

In all three studies of the dissertation, missing data on individual clinical 
parameter(s) and/or incomplete study questionnaires were not considered as 
exclusion criteria.  
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4.2.2 Healthy controls (Study III) 

A total of 1,817 individuals with information on gender (1,032 males, 785 females) 
and HLA-DQ-genotype (low HLA-DQ risk, n = 939; intermediate HLA-DQ risk, n 
= 855; high HLA-DQ risk, n = 23) from the population representative cohorts of 
FINRISK and Health 2000 (Borodulin et al., 2018) were included in the study. For 
the sequencing project of CCR9 and CCL25 exonic regions, DNA from 144 non-
celiac blood donor controls was included. 
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4.3 Methods 

4.3.1 Clinical data  

4.3.1.1 Data collection (Studies I–III) 

To obtain information on the study patients’ clinical status at the time of data 
collection, duration and strictness of GFD as well as the use of purified oats in the 
diet, structured interviews were conducted by a physician or a study nurse 
experienced in coeliac disease. Demographics, all relevant medical data at diagnosis 
(including clinical and histological data, coeliac disease serology and concomitant 
chronic medical conditions), presence of symptoms during childhood and family 
history of coeliac disease were also recorded and confirmed from patient records as 
available. In the case of paediatric patients, the guardian was interviewed. For further 
analyses of coeliac disease-associated serology and genetics, study participants were 
also subjected to blood sampling.  

4.3.1.2 Questionnaires (Study I) 

In Study I, adult participants also completed three structured and validated 
questionnaires eliciting prevailing symptoms and quality of life. These questionnaires 
were the Gastrointestinal Symptom Rating Scale (GSRS)(Appendix 2), the 
Psychological General Well-Being Questionnaire (PGWB)(Appendix 3),  and Short 
Form 36 (SF-36, i.e. RAND SF 36-Item Health Survey 1.0)(Appendix 4), which are 
described in the following paragraphs.  

GSRS measures self-reported symptoms with 15 selected questions each scored 
on a Likert scale from 1 to 7 points, higher scores denoting more severe 
gastrointestinal symptoms. Total score indicates an average of the 15 individual 
scores. Additionally, scores from relevant questions can be used to calculate separate 
average sub-scores (diarrhoea, indigestion, constipation, abdominal pain and reflux) 
(Svedlund et al., 1988).  

The PGWB is used to evaluate quality of life and well-being. Through its 22 
questions, patient’s physical and psychological health is covered in terms of anxiety, 
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depression, well-being, self-control, general health and vitality. Scoring is from 1 to 
6 points for each question and higher values indicate better self-reported quality of 
life and well-being. The total score is formed as a sum of each question and each 
sub-score as a sum of the relevant sub-category questions (Dimenäs et al., 1996; 
Dupuy, 1984). 

SF-36 (or RAND-36) is also used to evaluate quality of life and general health. 
The 36 items of the questionnaire are divided into eight sub-categories consisting of 
physical functioning, physical role limitations, emotional role limitations, vitality, 
mental health, social functioning, bodily pain and general health. Scoring is from 0 
to 100 points, higher scores denoting better result. The sub-category scores indicate 
averages of the relevant items. Physical functioning refers to an individual´s capacity 
to undertake daily activities such as doing dishes and cleaning, while physical role 
limitations indicate health issues preventing the person, e.g., from going to work or 
school (McHorney et al., 1994). 

4.3.1.3 Clinical characteristics and their definitions (Studies I–III) 

The clinical presentation was categorized into “gastrointestinal symptoms” and/or 
“extraintestinal symptoms”. Gastrointestinal symptoms included malabsorption, 
diarrhoea, abdominal pain, constipation, flatulence, loose stool, vomiting, mouth 
ulcers, heartburn and/or bloating. Malabsorption was defined as weight loss and 
presence of characteristic laboratory abnormalities, such as anaemia, 
hypoalbuminemia, low folate or low vitamin B12. Extraintestinal symptoms included 
dermatitis herpetiformis, arthralgia, fatigue, neurological problems and/or infertility. 

In Studies I–II, severity of symptoms was categorized into “no symptoms”, 
“mild”, “moderate” or “severe” symptoms based on patient report. Adherence to 
GFD was categorized as either “strict” or “dietary (occasional or frequent) lapses”. 

In Study II, diagnostic delay was categorized as 0 (screen-detected patients), <1, 
1–5, 5–10 or >10 years. “First-degree relative (FDR)” referred to sibling, mother, 
father or offspring. “Relative” referred to any relative in a family.  

4.3.1.4 Histology (Studies I–III) 

The results of histological analysis of the small-bowel mucosal biopsies at the time 
of diagnosis were collected from the clinical pathology reports as the diagnoses were 
set in the healthcare system. In addition, if available, data on repeat biopsy during 
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GFD were recorded. According to local practice, at the time of the collection of the 
study dataset, a minimum of four duodenal biopsies was taken from the patients 
during endoscopy. Severity of small intestinal mucosal damage was evaluated from 
several well-orientated biopsy specimens and the degree of villous atrophy was 
classified as “partial”, “subtotal” or “total”. 

4.3.1.5 Serology (Studies I–III) 

The results of the coeliac disease serology at the time of diagnosis were collected 
from the medical records. The dataset included patients whose diagnoses had been 
set before the introduction of TG2 autoantibodies for diagnostic testing. Thus, in 
Study I, only EmA titers were considered in the analysis. In Study II, a patient was 
considered to be positive for coeliac disease specific autoantibodies if he/she was 
positive for ARA and/or EmA and/or TG2 autoantibodies at diagnosis. In Study 
III, patients who were positive for EmA and/or TG2 autoantibodies were regarded 
as positive at diagnosis. For follow-up data, both EmA and TG2 autoantibody titers 
were determined from serum samples drawn at the time of dataset collection (Studies 
I–II). 

ARA and EmA were analysed using indirect immunofluorescence with rat liver, 
kidney or stomach tissue (ARA) (Eade et al., 1977) and human umbilical cord (EmA) 
(Sulkanen et al., 1998) as an antigen. Titers 1:≥5 were considered positive and 
positive samples were further diluted to 1:50, 1:100, 1:200, 1:500, 1:1000, 1:2000 and 
1:4000, until negative. TG2 autoantibody values were tested exploiting enzyme-
linked immunosorbent assay (QUANTA Lite h-tTG IgA, INOVA Diagnostics, San 
Diego, CA, USA), the cut-off for positivity being >30 U/L. 

4.3.1.6 Statistics (Studies I–II) 

Statistical analyses were performed with SPSS Statistics version 23 (IBM Corp, New 
York, NY, USA). P value < 0.05 was considered significant across all analyses. 

In Study I, continuous variables were presented as medians with range or with 
lower (25th percentile) and upper (75th percentile) quartiles, or as number of 
subjects, and tested for statistical significance with Mann–Whitney U test. Binominal 
and categorical variables were presented as percentages and tested with Chi-square 
test.  
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In Study II, variables were presented as percentages and tested with Chi-square 
test or Fisher’s Exact test, as appropriate. Statistical analyses were performed for all 
patients together and for younger patients (<21 years, n = 124) and adults (n = 476) 
separately.  

4.3.2 Genetic analyses 

4.3.2.1 Genotyping for HLA-DQ variants (Studies I–III) 

The genotypes corresponding to coeliac disease associated HLA-DQ variants, HLA-
DQ2.5, HLA-DQ8, and HLA-DQ2.2, were determined using commercial HLA 
typing kits (Olerup SSP low-resolution kit, Olerup SSP AB, Saltsjöbaden, Sweden or 
DELFIA® Celiac Disease Hybridization Assay Kit, PerkinElmer Life and Analytical 
Sciences, Wallac Oy, Turku, Finland) or the TaqMan chemistry based genotyping of 
the HLA tagging SNPs (Koskinen et al., 2009; Monsuur et al., 2008).  

In Study II, patients carrying alleles HLA-DQB1*0201 and HLA-DQA1*0501 in 
cis-configuration were considered positive for HLA-DQ2.5. The subjects were 
divided into three groups according to whether they had zero, one or two copies of 
HLA-DQ2.5. 

In Study III, patients carrying HLA-DQ2.5/HLA-DQ2.5 or HLA-DQ2.5/ 
HLA-DQ2.2 were considered to be high risk, patients carrying DQ2.5/X, 
DQ2.2/D2.2, DQ2.2/X, DQ8/DQ8, or DQ8/X, to be intermediate risk and 
patients carrying DQ7/X or DQ7/DQ7 to be low risk HLA category. 

4.3.2.2 Genotyping for non-HLA SNPs (Studies I and III) 

A subset of the study participants (n = 552 in Study I and n = 348 in Study III) were 
genotyped with Illumina 610-Quad BeadChip array (Illumina Inc., San Diego, CA, 
USA in the context of the European GWAS (Dubois et al., 2010). None of these 
patients were related to each other.  

In Study I, 39 non-HLA SNPs previously associated with coeliac disease risk 
(Trynka et al., 2011) were included in the study, whereas in Study III the included 
SNPs were selected according to their proximal location to genes CCR9 and CCL25 
and further filtered as described in the next paragraph. Storage of genotypes as well 
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as quality checks and filtering were performed with BC Genome platform, version 
4.0 (BC Platforms Espoo, Finland). 

4.3.2.3 Selection and filtering of genotyped CCR9 and CCL25 SNPs (Study III) 

In Study III, the variants spanning 100 kB upstream and downstream of CCR9 and 
CCL25 genes were identified, resulting in 105 SNPs. Functional Mapping and 
Annotation (FUMA) platform of GWAS (Watanabe et al., 2017) was then utilized 
annotating SNPs fulfilling the set functional annotation criteria. The study cohort 
was included in the publicly available GWAS summary of statistic results (Dubois et 
al., 2010), which was uploaded with a pre-defined list of the 105 SNPs of interest.  
RegulomeDB 2.0 was used to identify all the SNPs with known and predicted 
regulatory elements and to assign them a score ranging from 1a to 7 in RegulomeDB 
ranking (Boyle et al., 2012). SNPs having RegulomeDB score between 1a and 3a 
were selected for the study since those scores indicate the likely effect on the gene 
expression. In addition, eQTL mapping was performed utilizing public eQTL data, 
which further led to the selection of SNPs having significant eQTL effects (false 
discovery rate [FDR] being <0.05) on the expression of CCR9 gene in blood (GTEx 
whole blood (Aguet et al., 2020), Blood eQTL (Westra et al., 2013), BIOS QTL 
(Zhernakova et al., 2017), and eQTLGen) and on the expression of CCL25 gene in 
the intestine (GTEx data for small intestine terminal ileum, colon sigmoid and colon 
transverse (Aguet et al., 2020); and of the “CEDAR” study (Momozawa et al., 2018), 
terminal ileum). Finally, 41 SNPs with small enough RegulomeDB score (from 1a to 
3a), and/or tissue-specific eQTL effect were identified. After applying quality 
control (QC) filtering for missing genotype rate <5%, missing genotype rate 
differences between the cases and controls <3%, and minor allele frequency 
(MAF) >5%, 348 cases and all 1817 controls remained in the analysis, and 39 SNPs 
passed QC.  

4.3.2.4 Sequencing exonic regions of CCR9 and CCL25 (Study III) 

Whole blood samples or leukocyte enriched buffy coats from an additional 144 
HLA-DQ2-positive biopsy-proven coeliac disease patients and 144 non-celiac 
controls were used for DNA extraction. Extractions were performed using 
FlexiGene DNA kit (Qiagen, Hilden, Germany). PCR was used to amplify all coding 
exons and exon-intron boundaries of both CCR9 and CCL25. The designed primer 
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pairs used in the PCR reactions are presented in Table 2. The PCR reactions (20 μL) 
contained 10 mM Tris-HCl (pH 8.8 at 25 °C), 1.5 mM MgCl2, 50 mM KCl, 0.1% 
Triton X-100 in 10X Optimized DyNAzyme Buffer (Thermo Fisher Scientific, 
Waltham, MA, USA), 0.5 mM dNTPs, 1.0 μM of each primer, 80 ng genomic DNA 
and 1.0 U DyNAzyme II DNA Polymerase (Thermo Fisher Scientific). PCR 
conditions included initial denaturation at 95 °C for 5 min, 40 cycles of 95 °C for 30 
s, 55–60 °C (depending on the PCR product) for 40 s and 72 °C for 1 min. The final 
extension was performed at 72 °C for 5 min. Successful PCR amplification was 
confirmed by analysing PCR products with agarose gel electrophoresis and by UV–
Vis spectrophotometry (NanoDrop, Thermo Fisher Scientific). Sequencing was 
performed by Macrogen Europe B.V. (Amsterdam, the Netherlands) exploiting ABI 
3730 (Applied Biosystems, Thermo Fisher Scientific). The sequence analysis and 
SNP identification were performed utilizing Sequencher 4.10.1 software (Gene 
Codes Corporation, Ann Arbor, MI, USA). Sequence data were analysed further by 
calculating allele frequencies for the SNPs found in the study material. 
 

Table 2.  Primer pairs used in PCR amplification of CCR9 and CCL25 exonic regions  
 (from original publication III, Supplementary Table 1) 

 

aExon 3 of gene CCR9 was split into 5 overlapping fragments (primers 3a-3e).  
bExons 2 and 3 of gene CCL25 were covered using one primer pair (2&3). 
bp, base pair 
  

Gene Exon Forward primer (5'-3') Reverse primer (5'-3') Product 
size (bp) 

CCR9a 1 GATCCTCCAATTTCCCCATT CTCGCCCTACAAGAAACCTG 588  
2 CCATCTTTTTGGCATTTGGT GCATTTGCAAAACCCTCTGT 306  
3a CTGCCATCAGACAGGACCTT AGAGAGCAGCTGCCAATACC 582  
3b CAGCGTGGACAGGTACATTG AACTGTGGAAGAAGGCGATG 512  
3c CCACCAACATTGACATCTGC GCATGAGAACTGAAGCCACA 599  
3d AGGAGCCCTTGGATTTTCTC CTGCGAACCCAGCTGTTAT 490  
3e CGCTTATTCCTTGGTATGGTG CCGATTGAGATAGCTCACTACCTT 599 

CCL25b 1 TTACCACTTCCCTCCACGAC GATGGGATTGGGGAGACTTC 250  
2&3 AGTATCTGGGCGGCTGTGT GATGCCCAGCAGAGGTCTT 400  

4 AGCTCAAGCACATGGGAGACTCA TGGACAGCCACCGAGGACCC 411  
5 GGCCTCTCTCATTGCTTCTG AAAGATCGCATTGGCTTCAC 564 
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4.3.2.5 Imputation of the identified CCR9 and CCL25 SNPs (Study III) 

Since Illumina 610-Quad BeadChip array did not include SNPs identified by 
sequencing and thus they were not previously genotyped, those having MAF ≥5% 
were selected to be phased and imputed using a Finnish population-specific panel of 
3,775 high-coverage (25–30 ×) whole-genome sequences (SISu v3). Sample-wise, 
variant-wise  and post-imputation QC was applied as previously described (Cerqueira 
et al., 2021). Phasing of genotyped data was carried out with Eagle v2.3.5 (Loh et al., 
2016) and imputation was performed with Beagle 4.1 (version 
08Jun17.d8b)(Browning & Browning, 2016). After the post-imputation QC, SNPs 
with good enough imputation quality metrics (INFO score ≥0.8) were included in 
the association analyses. 

4.3.2.6 Association analyses (Studies I and III) 

PLINK v1.07 (Purcell et al., 2007) was used for performing association analyses of 
genotyped non-HLA SNPs while PLINK 2.0 (Chang et al., 2015) was used in case 
of imputed data.  

In Study I, 37 SNPs passed the QC filters (Hardy–Weinberg Equilibrium test, 
P ≤ 0.05) and were tested for association with familiar/sporadic coeliac disease.  

In Study III, all 39 selected and QC filtered genotyped markers were in Hardy-
Weinberg equilibrium (P > 1 × 10−6) in the controls. SNPs were tested for allelic 
associations with coeliac disease and the selected disease phenotypes. Selected 
disease phenotypes included gastrointestinal symptoms, malabsorption, anaemia, 
severity of small bowel mucosal damage, HLA risk category and presence of coeliac 
disease autoantibodies. The same QC filtering criteria as applied to the association 
analysis of genotyped SNPs were also applied to the imputed genetic data. Nine 
exonic SNPs resulting from the sequencing approach were found in the Finnish 
reference panel and further resisted QC filtering. Thus, these SNPs were included in 
the association analyses. 
  



 

60 

4.3.2.7 Statistics of genetic analyses (Studies I–III) 

Results were presented as odds ratios (OR) with 95% confidence intervals (95% CI). 
Generally, P value < 0.05 was considered significant.  

In Study III, in the case of association analyses, adjustment for multiple testing 
and small sample size groups was performed using 104 permutation analysis. The 
generated empirical PEMP2 value ≤ 0.05 (uncorrected P value ≤ 0.001) was considered 
statistically significant. In the case of imputation analysis, BCFtools (Danecek et al., 
2021) was utilized to handle the  probability dosages of the genotypes and PLINK 
2.0 (Chang et al., 2015) was used to perform the association analysis. The 
associations of the post-imputation genotype probabilities of the 9 SNPs with coeliac 
disease and selected coeliac disease phenotypes were tested using the frequentist 
likelihood score method implemented in SNPTEST v2.5.2 (Marchini et al., 2007). 
Associations were considered statistically significant if they reached the permutation 
threshold described above.  
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5 SUMMARY OF RESULTS 

5.1 Demographic description of subjects (Studies I–III) 

In Study I, there were 761 familial and 303 sporadic cases. At the time of coeliac 
disease diagnosis, the median age of the familial cases was 39 (range 0–81) years, and 
that of sporadic cases was 41 (range 1-79) years (P = 0.010) The proportion of 
females did not differ statistically significantly, being 72.8% among familial cases and 
75.6% among sporadic cases. At follow-up evaluation in Study I, the median age of 
the familial cases was 50 (range 2–89) years and that of the sporadic cases was 52 
(range 6–84) years. The difference did not reach statistical significance. 

Study II included 605 cases consisting of 104 HLA-DQ2.5 homozygous, 401 
HLA-DQ2.5 heterozygous and 100 HLA-DQ2.5 negative cases. There was no 
significant difference in the distribution of age groups between HLA-DQ2.5 dose 
groups, most of the patients (73.1–76.1%) belonging to the age group 21–65 years 
in each dose group at the time of diagnosis. The proportion of females was 78.0% 
in the HLA-DQ2.5-negative group, 73.3% in the HLA-DQ2.5-heterozygous group 
and 76.0% in HLA-DQ2.5-homozygous group.  

In Study III, the median age of the patients at the time of diagnosis in the main 
cohort consisting of 625 cases was 41 (range 0.5–79) years. The percentage of 
females was 78.2.  
 
 
  



 

62 

5.2 Differences in genetic predisposition and clinical picture 
between familial and sporadic coeliac disease (Study I) 

Of the familial cases, 39% had one and 61% had two or more affected relatives. In 
the case of 92% of familial patients, the affected family member(s) was/were first- 
or second-degree relative(s). Affected relative(s) were more often maternal (64%) 
than paternal (31%). Moreover, in 5% of familial cases, relatives from both mother’s 
and father’s side of the family were affected.  

In terms of genetic predisposition, the overall distribution of HLA-DQ 
genotypes differed significantly (P = 0.001) among the study groups. Patients 
positive for HLA-DQ2.5 (either heterozygotes or homozygotes) were in the majority 
in both study groups, being 88.8% of familial cases and 78.0% of sporadic cases, 
respectively. The proportion of HLA-DQ2.5 homozygotes was higher among 
familial cases (20.9% vs. 11.7%) whereas patients carrying HLA-DQ2.2/HLA-
DQ2.2 or HLA-DQ2.2/HLA-DQX, HLA-DQ8/HLA-DQ8 and HLA-
DQX/HLA-DQX haplotypes were more common among sporadic cases (7.7% vs. 
2.1, 2.7% vs. 0.9%, 6.3% vs. 2.4% respectively) (Figure 4) (Table 4 in original 
publication I).  

 
 
 

Figure 4.  Distribution of coeliac disease predisposing HLA-DQ genotypes in familial and sporadic 
coeliac disease patients. ”HLA-DQX” defines any other HLA-DQ haplotype than listed 
here.  
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Three out of 37  coeliac disease associated SNPs tested outside the HLA region 
(rs3748816, rs2816316 and rs2762051) were associated with increased risk for 
familial coeliac disease (OR 1.39, 95% CI 1.03–1.90, P = 0.034; OR 1.75, 95% CI 
1.10–2.79, P = 0.017 and OR 1.48, 95% CI 1.03–2.13, P = 0.035 respectively) and 
one SNP (rs10903122) with decreased risk (OR 0.71, 95% CI 0.53–0.96, P = 0.026) 
respectively (Supplementary Table 2 in original publication I). 

The main basis for the diagnosis differed significantly between groups (P < 
0.001), familial cases being more often screen-detected than sporadic cases (26.3% 
vs. 2.3% respectively). Additionally, familial cases were more often seropositive for 
coeliac disease specific autoantibodies at diagnosis than were sporadic cases (88.6% 
vs. 81.8%, P = 0.040). Sporadic cases had significantly more often gastrointestinal 
presentation, dermatitis herpetiformis and severe symptoms than did familial cases 
(68.5% vs. 49.1%, 21.3% vs. 13.5%, 65.3% vs. 46.9% respectively) (Table 3). In 
terms of childhood diagnoses, malabsorption, or severity of small-bowel mucosal 
damage, no significant differences between the study groups were found (Table 1 in 
original publication I).  

At follow-up, the study groups had similarly recovered mucosal morphology after 
one year on a GFD (full recovery of the villi in 59.3% of familial cases and in 60.3% 
of sporadic cases, P = 0.956). Familial cases had been longer on GFD (8 [range 4–
15] years vs. 7 [range 3–13] years respectively; P = 0.005). Familial cases reported 
overall symptoms significantly less often than sporadic cases (P = 0.004) but were 
substantially more often seropositive for EmA (P < 0.001). With borderline 
significance, a greater proportion of sporadic cases had regular follow-up compared 
to familial cases (36.0% vs. 29.4% respectively, P = 0.052) (Table 3). The study 
groups were comparable in adherence to and management of GFD, usage of gluten-
free oats and in frequency of seropositivity for TG2 autoantibodies. Familial and 
sporadic patients did not differ in terms of gastrointestinal symptoms measured by 
GSRS, but familial cases had better median general health scores measured by 
PGWB (14 vs. 13, P = 0.028) as well as higher SF-36 total, physical role functioning, 
vitality and mental health scores (81 vs. 78, P = 0.011; 100 vs. 75, P = 0.027; 73 vs. 
70, P = 0.015 and 84 vs. 80, P = 0.040 respectively). Regarding comorbidities, there 
were no differences between the study groups in frequency of fractures, but familial 
cases were more often totally free from other conditions (21.7% vs. 14.4%, P = 
0.007) and less often had neurological (9.9% vs. 15.3%, P = 0.013) and 
dermatological (9.4% vs. 16.8%, P = 0.001) diseases (Supplementary Table 1 in 
original publication I). 
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Table 3.  Summary of clinical, serological and histological characteristics of 1,064 patients with 
familial or sporadic coeliac disease. Data were available on >90% of the patients 
except for the designated parameters.  

  Familial 
n = 761 

  Sporadic 
n = 303 

 

 n % n %    P 
Main reason for the diagnosis       <0.001* 
 Screening 200 26.3 7 2.3  
 Extraintestinal symptomsa 187 24.6 88 29.1  
 Gastrointestinal symptomsb 374 49.1 207 68.5  
Other common symptoms      
 Malabsorption 270 35.7 107 35.5 0.971 
 Dermatitis herpetiformis 102 13.5 64 21.3 0.002 
Severity of symptoms at diagnosisc            <0.001* 
 No symptoms 60 10.2 3 1.4  
 Mild or moderate 251 42.8 71 33.3  
 Severe 275 46.9 139 65.3  
Seropositivity at diagnosisd,e 358 88.6 112 81.8  0.040 

Severity of villous atrophy at 
diagnosisf 

      0.147* 

 Partial 192 32.9 97 39.8  
 Subtotal 233 39.9 91 37.3  
 Total 159 27.2 56 23.0  

Current symptoms on GFDg 152 21.1 85 29.5 0.004 
Follow-up serologyh      
 EmA positivity 108 15.2 18 6.6        <0.001 
 TG2 autoantibody positivity 182 24.0 57 18.9 0.077 

 
Regular follow-up 189 29.4 96 36.0 0.052 

ae.g. dermatitis herpetiformis, arthralgia, rash, swelling, fatigue. 
be.g. diarrhoea, constipation, abdominal pain, flatulence, loose stools, mouth ulcers. 
dEmA or ARA positivity. 
Data was available on >90 % of the patients except for designated parameters, where cn = 586 (familial cases) 
and n = 213 (sporadic cases); e404 and 137; and f584 and 244 respectively. 
gAny type of gastrointestinal and/or extraintestinal symptoms. 
hOnly samples taken ≥2 years after diagnosis were included. 
ARA, anti-reticulin antibody; EmA, endomysial antibody; GFD, gluten-free diet; TG2, transglutaminase 2. 
*Calculated across all three variables.  



 

65 

5.3 Impact of HLA-DQ2.5 dose on the clinical picture of coeliac 
disease (Study II) 

The proportion of patients presenting with classical symptoms, i.e. diarrhoea and 
malabsorption, was lowest among heterozygotes and highest among HLA-DQ2.5-
negative patients (P = 0.007) (Table 4). In terms of other types (abdominal or 
extraintestinal) or severity of symptoms (Table 4), presence of symptoms in 
childhood, diagnostic delay, presence of diarrhoea, anaemia or dermatitis herpetiformis, 
no significant differences between the groups were observed. The percentage of 
patients positive for coeliac disease specific autoantibodies was smallest among 
HLA-DQ2.5-negative subjects and greatest among HLA-DQ2.5-homozygotes (P = 
0.021). Severity of mucosal damage was comparable among the study groups (Table 
4). Patients homozygous for HLA-DQ2.5 most often had any relative (P = 0.011) 
or an FDR (P = 0.031) with coeliac disease, whereas HLA-DQ2.5-negative patients 
had such relatives the least often (Table 4). 

During follow-up (median follow-up time 13 years, range <1–47 years), the HLA- 
heterozygotes managed to maintain a strict GFD most often and DQ2.5-
homozygotes least often (Table 4). HLA-DQ2.5-negative patients reported current 
symptoms most often whereas HLA-DQ2.5-heterozygous patients did so least often 
(P = 0.002). At follow-up, there was no significant difference between the groups in 
terms of antibody positivity and mucosal recovery (Table 4), neither in terms of 
concomitant autoimmune diseases nor malignancy (Table 2 in original publication 
II). 

The results of a separate analysis with adult patients only were parallel to those 
of the whole cohort. HLA-DQ2.5 dose groups differed significantly in terms of the 
presence of classical symptoms and coeliac disease specific autoantibody positivity 
at diagnosis (P = 0.006 and P = 0.043 respectively). Moreover, adult HLA-DQ2.5-
homozygotes had more often either any relative or an FDR with coeliac disease than 
did HLA-DQ2.5-heterozygotes or HLA-DQ2.5-negative subjects (P = 0.001 for any 
relative and P = 0.003 for FDR). At follow-up, significant differences between adult 
study groups were observed only in adherence to the GFD and in self-reported 
prevailing symptoms (P = 0.016 and P = 0.002 respectively). In case of analyses with 
paediatric patients only, no significant differences were found in any of the 
parameters studied.  
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Table 4.  Summary of clinical, serological and histological characteristics of 605 coeliac disease 
patients negative (X/X), heterozygous (DQ2.5/X) or homozygous (DQ2.5/ DQ2.5) for 
HLA-DQ2.5. Data were available on >90% of the patients except for the designated 
parameters. 

aPresence of diarrhoea and malabsorption. 
bAbdominal pain, diarrhoea, loose stool, heartburn, flatulence, constipation and/or bloating.  
cAny symptom(s) presenting outside of the gastrointestinal track. 
Data were available on >90 % of the patients except for designated parameters where numbers of cases in 
different HLA-DQ2.5 dose groups were d80 (X/X), 286 (DQ2.5/X), 75 (DQ2.5/DQ2.5); f63, 250, 59; g83, 328, 83; 
i58, 258, 62; j14, 42, 11 and k48, 187, 49 respectively. 
eTG2 autoantibody and/or EmA and/or ARA positivity. 
hAny type of gastrointestinal and/or extraintestinal symptoms. 
FDR, first-degree relative; GFD, gluten-free diet; PVA, partial villous atrophy; SVA, subtotal villous atrophy, TVA, 
total villous atrophy.  
*Calculated across all variables.  

  
    X/X DQ2.5/X DQ2.5/DQ2.5  
 n = 100  n = 401   n = 104 
   n (%)    n (%)     n (%)    P 

At diagnosis     
Relatives with coeliac disease 38 (42.7) 204 (54.3) 65 (64.4) 0.011 
 FDRs with coeliac disease 28 (31.5) 166 (45.5) 48 (48.5) 0.031 
Classical symptomsa 30 (30.0) 67 (16.7) 22 (21.2) 0.007 
Abdominal symptomsb 86 (86.9) 322 (81.3) 85 (81.7) 0.426 
Extraintestinal manifestationsc 44 (44.4) 196 (49.5) 49 (47.1) 0.646 
Dermatitis herpetiformis 10 (11.0) 63 (17.1) 19 (19.2) 0.270 
Severity of symptomsd    0.484* 
 No symptoms 4 (5.0) 17 (5.9) 3 (4.0)  
 Mild 19 (23.8) 74 (25.9) 25 (33.3)  
 Moderate 12 (15.0) 35 (12.2) 4 (5.3)  
 Severe 45 (56.3) 160 (55.9) 43 (57.3)  
Seropositivitye,f 49 (77.8) 217 (86.8) 56 (94.9) 0.021 
Severity of villous atrophyg    0.546* 
               Normal morphology  2 (2.4) 10 (3.0) 2 (2.4)  
               PVA  23 (27.7) 111 (33.8) 21 (25.3)  
               SVA or TVA  58 (69.9) 207 (63.1) 60 (72.3)  
During follow-up     
 Adherence to GFD                 0.025* 
               Strict   91 (93.8) 376 (97.4) 92 (91.1)  
               Dietary lapses 5 (5.2) 9 (2.3) 8 (7.9)  
               No GFD 1 (1.0) 1 (0.3) 1 (1.0)  
Current symptoms on GFDh,i  26 (44.8) 59 (22.9) 20 (32.3) 0.002 
Seropositivitye,j 4 (28.6) 10 (23.8) 1 (9.1) 0.535 
Severity of villous atrophyk    0.108* 
               Normal morphology  35 (72.9) 104 (55.6) 23 (46.9)  
               PVA  12 (25.0) 71 (38.0) 22 (44.9)  
               SVA or TVA  1 (2.1) 12 (6.4) 4 (8.2)  
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5.4 Contribution of genetic variation of CCR9 and CCL25 in the 
clinical picture of coeliac disease (Study III) 

5.4.1 Associations of genotyped functionally annotated CCR9 and CCL25 
SNPs with coeliac disease and its different phenotypes 

In CCR9 region, SNP rs2133660 had an eQTL effect on the expression of CCR9 in 
whole blood and peripheral blood mononuclear cells (PBMCs) and was associated 
with coeliac disease (OR = 1.20, 95% CI = 1.02–1.42, P = 0.031) even though the 
association did not resist correction for multiple testing (PEMP2 = 0.558). In addition, 
the same SNP similarly showed nominal associations (PEMP2 > 0.05) with 
malabsorption (OR = 1.45, 95% CI = 1.14–1.83, P = 0.002), gastrointestinal 
symptoms (OR = 1.29, 95% CI = 1.08–1.54, P = 0.005), anaemia (OR = 1.35, 95% 
CI = 1.01–1.81, P = 0.041), PVA (OR = 1.35, 95% CI = 1.01–1.79, P = 0.039) and 
negative coeliac disease serology (OR = 3.48, 95% CI = 1.38–8.74, P = 0.005) (Table 
5). Furthermore, two SNPs with RegulomeDB scores ≤ 3a (rs7652331 and 
rs12493471) and one with eQTL effect on CCR9 expression (rs1545985) were 
nominally associated with gastrointestinal symptoms (OR = 1.24, 95% CI = 1.03–
1.47, P = 0.012; OR = 1.23, 95% CI = 1.03–1.47, P = 0.022; and OR = 1.25, 95% 
CI = 1.05–1.49, P = 0.012 respectively) and malabsorption (OR =1.35, 95% CI = 
1.06–1.70, P = 0.013; OR =1.39, 95% CI = 1.10–1.75, P = 0.006 and OR =1.37, 
95% CI = 1.09–1.74, P = 0.008 respectively). Additionally, rs12493471 showed a 
nominal association with anaemia (OR = 1.34, 95% CI = 1.00–1.79, P = 0.047). 
Other associations of the CCR9 SNPs examined are shown in Table 5 and Figure 1 
in original publication III. None of the studied CCR9 SNPs nominally associated 
with coeliac disease and/or its distinct phenotypes showed either RegulomeDB 
score ≤ 3a or eQTL effect.     

CCL25 SNPs rs882951, rs952444, rs12983784, and rs11667975 (all with 
RegulomeDB score ≤ 3a) showed nominal association (PEMP2 > 0.05) with more 
than one phenotype. Of these, rs882951 and rs952444 were both associated with the 
presence of gastrointestinal symptoms and malabsorption (OR = 1.20, 95% CI = 
1.01–1.43, P = 0.034 and OR = 1.32, 95% CI = 1.04–1.66, P = 0.021 respectively) 
also having the lowest RegulomeDB scores (1d and 1f respectively) as well as 
significant eQTL effects on CCL25 expression in the small intestine. Rs12983784 
was associated with coeliac disease (OR = 1.20, 95% CI = 1.01–1.44, P = 0.041) and 
coeliac disease specific seropositivity (OR = 1.43, 95% CI = 1.12–1.82, P = 0.004). 
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Rs11667975 was associated with TVA/SVA (OR = 0.65, 95% CI = 0.48–0.89, P = 
0.006), high HLA risk (OR = 4.20, 95% CI = 1.21–14.53, P = 0.015) and 
seropositivity (OR = 1.36, 95% CI = 1.04–1.79, P = 0.025), as presented in Table 5. 
Additional nominal associations of CCL25 SNPs are presented in Table 5 and in 
Figure 2 in original publication III. None of the associated CCL25 SNPs showed 
only eQTL effect without RegulomeDB score ≤ 3a. 
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Table 5.  Association of SNPs in the genomic regions of candidate genes CCR9 and CCL25 
with coeliac disease and its distinct phenotypes.  

Phenotype Candidate gene Varianta OR [95% CI] P PEMP2  

Coeliac disease CCR9     
  rs2133660e 1.20 [1.02–1.42] 0.031 0.558 
 CCL25     
  rs12983784* 1.20 [1.01–1.44] 0.041 0.659 
Gastrointestinal 
symptoms CCR9     

  rs2133660e 1.29 [1.08–1.54] 0.005 0.145 
  rs1545985e 1.25 [1.05–1.49] 0.012 0.289 
  rs7652331* 1.24 [1.03–1.47] 0.012 0.416 
  rs12493471* 1.23 [1.03–1.47] 0.022 0.439 
 CCL25     
  rs952444*e 1.20 [1.01–1.43] 0.034 0.624 
  rs882951*e 1.20 [1.01–1.43] 0.034 0.624 
Malabsorption      

    All CCR9     
  rs2133660e 1.45 [1.14–1.83] 0.002 0.064 
  rs12493471* 1.39 [1.10–1.75] 0.006 0.174 
  rs1545985e 1.37 [1.09–1.74] 0.008 0.203 
  rs7652331* 1.35 [1.06–1.70] 0.013 0.318 
  rs2191031* 1.34 [1.03–1.74] 0.028 0.526 
 CCL25     
  rs952444*e 1.32 [1.04–1.66] 0.021 0.425 
  rs882951*e 1.32 [1.04–1.66] 0.021 0.425 

Anaemia CCR9     
  rs2191031* 1.51 [1.10–2.06] 0.010 0.261 
  rs13069079e 1.53 [1.07–2.20] 0.020 0.416 
  rs17214952e 1.48 [1.03–2.13] 0.035 0.608 
  rs2133660e 1.35 [1.01-–1.81] 0.041 0.662 
  rs12493471* 1.34 [1.00–1.79] 0.047 0.707 
 CCL25     
  rs4804061* 0.51 [0.29–0.90] 0.018 0.383 
Small bowel 
mucosal damage      

TVA/SVA CCL25     
  rs1129763* 0.65 [0.48–0.89] 0.006 0.168 
  rs11667975* 1.31 [1.03–1.68] 0.027 0.513 

PVA CCR9     
  rs2133660e 1.35 [1.01–1.79] 0.039 0.645 
 CCL25     

  rs4804249* 0.66 [0.44–1.00] 0.046 0.693 
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aSNPs between 100 kB upstream and downstream of the candidate genes CCR9 or CCL25  
*SNPs with RegulomeDB scores ≤ 3a. Scores ranging from 1a to 3a indicate the strongest probability of a SNP 
having a regulatory effect on gene expression (Boyle et al., 2012). 
eSNPs with significant (FDR < 0.05) cell- and tissue-specific eQTL effects on CCR9 or CCL25 genes in public 
whole blood, PBMC and small intestine data (Cerqueira et al., 2021; Momozawa et al., 2018; Zhernakova et al., 
2017). 
bCases and controls categorized as having low HLA risk were excluded from the analysis but individuals with 
intermediate HLA risk were included. 
cEmA and/or TG2 autoantibodies.  
CI, confidence interval; EmA, endomysial antibody; OR, odds ratio; PEMP2, empirical P value at 10.000 
permutation threshold; PVA, partial villous atrophy; TVA/SVA, total or subtotal villous atrophy; TG2, 
transglutaminase 2. 
 
  

      

Phenotype Candidate gene Varianta OR [95% CI] P PEMP2 

HLA riskb       
High CCR9     

  rs4535265e 2.42 [1.11–5.28] 0.025 0.536 
 CCL25     
  rs11667975* 4.20 [1.21–14.53] 0.015 0.401 
Coeliac disease 
autoantibodiesc      

Seropositivity CCL25     
  rs12983784* 1.43 [1.12–1.82] 0.004 0.114 
  rs7257948* 1.38 [1.10-–1.73] 0.006 0.167 
  rs11667975* 1.36 [1.04–1.79] 0.025 0.506 
        

Seronegativity CCR9       
  rs2133660e 3.48 [1.38–8.74] 0.005 0.152   
  rs13069079e 3.37 [1.34–8.48] 0.006 0.196 
  rs17214952e 3.35 [1.33–8.44] 0.006 0.203 
  rs10490770e 3.10 [1.03–9.34] 0.034 0.586 
  rs12639224e 2.39 [0.99–5.76] 0.045 0.672 
 CCL25     
  rs2287936* 2.81 [1.07–7.35] 0.028 0.485    
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5.4.2 Associations of sequenced and imputed CCR9 and CCL25 SNPs 
with coeliac disease and its distinct phenotypes 

Two variants in the exonic region of CCR9 and eight in those of CCL25 with MAF 
≥5% were identified as a result of the sequencing approach. One of the variants 
found in CCR9 was previously unreported and converted threonine to alanine at 
position 100 of CCR9 protein sequence. However, this variant could not be imputed 
and thus association analyses were carried out with the remaining nine SNPs. No 
associations with coeliac disease were found, but the synonymous variant rs2303165 
among CCL25 SNPs was nominally associated (PEMP2 > 0.05) with PVA (OR = 0.39, 
95% CI = 0.15–1.00, P = 0.038). Nevertheless, the SNP had no eQTL effect on 
CCL25 expression in the small intestine. 
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6 DISCUSSION 

6.1 Differences in the clinical picture between familial and 
sporadic coeliac disease  

In terms of general clinical phenotype at diagnosis, familial and sporadic cases did 
not differ remarkably. However, the main reason for diagnosis among familial cases 
over tenfold more often than among sporadic cases was screening (Table 3). 
Naturally, this is most likely due to more active case-finding among risk groups, also 
recommended in clinical practice, to which family members of coeliac disease 
patients also belong. In parallel, sporadic cases were more often symptomatic at the 
time of coeliac disease diagnosis suffering particularly gastrointestinal symptoms 
significantly more often than did familial cases (Table 3). Furthermore, sporadic 
cases suffered more often from severe symptoms whereas familial cases were 
completely asymptomatic seven times more often than sporadic cases. This finding 
seems natural, since sporadic cases more likely seek medical advice spontaneously 
instead of being screened, which is more probable for familial cases. Generally, the 
familial form of coeliac disease seems to dominate, which may also be seen in the 
numbers of participating study patients representing distinct forms of the disease in 
Study I (761 familial cases vs. 303 sporadic cases). However, the more pronounced 
willingness of familial patients to participate in such studies as an explanatory factor 
cannot be completely excluded.  A participating study patient was categorized as a 
familial case if they had any affected relatives, even distant ones. Yet only 8% of 
familial cases had third degree or more remote relative(s) as the closest affected 
family member(s). Such relatives are e.g. great-grandparents, great uncles/aunts and 
first cousins. Our findings are parallel to and corroborate the constantly growing 
number of studies reporting a gradual shift in the classical, gastrointestinal 
presentation of coeliac disease towards a milder clinical phenotype (Pedretti et al., 
2021; Rampertab et al., 2006). In addition, there is evidence of a high frequency of 
undetected coeliac disease among the family members of coeliac disease patients 
(Agardh et al., 2015; Nellikkal et al., 2019) which is also in line with our findings 
concerning previously undetected family members. Interestingly, however, especially 
in view of the above-mentioned observations, the study groups were comparable in 
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terms of severity of mucosal damage at diagnosis, the majority of patients having 
either partial or subtotal villous atrophy (Table 3). On the other hand, our results  
concur with those of several studies reporting only a weak correlation between 
clinical phenotype and severity of villous atrophy (Brar et al., 2007; Kivelä et al., 
2017). 

At follow-up, not many statistically significant differences were found between 
the familial and sporadic study groups. In fact, there were only two major 
observations with clear discrepancies between the groups. Firstly, a larger proportion 
of sporadic cases reported prevailing overall symptoms (29.5% vs. 21.1%) (Table 3) 
accompanied by poorer general health, physical role functioning, vitality and mental 
health (Table 3 in original publication I). One might speculate that since sporadic 
cases had more often symptoms at diagnosis and furthermore, their GFD has not 
lasted as long as that of the familial cases (7 vs. 8 years, respectively), it would be 
plausible that their symptoms also persisted during follow-up. Nonetheless, there is 
strong evidence that the symptoms of coeliac disease typically diminish quite rapidly 
after the initiation of dietary treatment (Haines et al., 2008; Pekki et al., 2015; 
Zarkadas et al., 2006), which rather invalidates the previous speculation as an 
explanation. Interestingly however, in terms of co-morbidities, sporadic patients had 
more often neurological and dermatological disorders, which may explain the greater 
experience of overall symptoms if the symptoms were mistakenly thought to be 
caused by coeliac disease. Another alternative explanation is that severe symptoms 
may actually predispose to persistent symptoms being experienced even during a 
strict GFD (Paarlahti et al., 2013). It is also to be noted that sporadic patients lack 
peer support from family members, which may have a negative effect by even 
exacerbating the experience of symptoms as reported in terms of IBS and IBD 
(Halpert, 2018; Plevinsky et al., 2016). Moreover, the possibility of some other, 
undiagnosed disease(s) causing symptoms in the case of sporadic study patients 
cannot be entirely excluded. One can also speculate whether an analysis comparing 
the first-diagnosed individual in each family to sporadic cases would yield a different 
result regarding differences in symptoms and comorbidities between the two study 
groups. This is based on an assumption that in the case of later diagnosed family 
members, coeliac disease could be readily suspected before any more severe 
symptoms or comorbidities may begin to develop. 

The second major difference between the study groups at follow-up was that the 
familial cases showed more pronounced EmA-positivity during GFD. In this case, 
higher frequency of seropositivity already at the time of diagnosis could explain the 
elevated autoantibody values persisting at follow-up, since, contrary to symptoms, 
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normalization of autoantibody levels may take several years, even though generally 
they decrease in weeks to months (Gidrewicz et al., 2017) although self-reported 
adherence to the diet was equally strict between familial and sporadic patients. 
However, as the data were based on patients’ self-reporting, it cannot be 
comprehensively excluded that familial cases actually had dietary lapses. It is 
noteworthy that equally strict adherence and the capability to manage GFD between 
familial and sporadic cases was a somewhat surprising finding, since, in the case of 
familial patients, one could expect easier adaptation to and maintenance of the diet 
because of the family history of coeliac disease.  In any case, Finnish coeliac disease 
patients generally commit conscientiously to GFD even when diagnosed by risk 
group screening (Kivelä et al., 2018).  
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6.2 Contribution of different HLA genotypes to the clinical 
picture of coeliac disease 

When the distribution of HLA-DQ haplotypes was compared between familial and 
sporadic coeliac disease patients, the difference was clearly statistically significant 
(Table 4 in original publication I). The proportion of patients carrying one of the 
lower risk HLA-DQ haplotypes (HLA-DQ2.2/HLA-DQ2.2 or HLA-DQ2.2/HLA-
DQX, HLA-DQ8/HLA-DQ8 and HLA-DQX/HLA-DQX) was roughly three 
times higher in the sporadic group than in the familial group. The opposite was 
observed with regard to the high-risk haplotype HLA-DQ2.5/HLA-DQ2.5: the 
percentage of these homozygotes was almost double among familial cases compared 
to sporadic cases (Figure 4). These results are understandable since it is known that 
risk alleles predisposing to coeliac disease accumulate in families through numerous 
affected relatives. Moreover, the results from Study II are in line with the 
aforementioned finding of HLA-DQ2.5-homozygosis among familial cases: HLA-
DQ2.5-homozygotes in Study II were over-represented in having either any 
relative(s) or FDRs (Table 4). Actually, these differences were observed to follow 
HLA-DQ2.5 dose dependency (Figure I in original publication II). What is 
noteworthy is that the more pronounced HLA-DQ2.5-homozygocity among familial 
patients in Study I or HLA-DQ2.5-homozygocity per se, in Study II, did not reflect 
more severe and/or classical phenotype as it did in the recent meta-analysis by Bajor 
et al. (2019). 

When investigating the dose effect of HLA-DQ2.5, the most prominent risk 
haplotype for coeliac disease, the effect was observed only in terms of coeliac disease 
specific serology at the time of diagnosis and the aforementioned existence of 
relatives. It is conceivable that HLA-DQ2.5 correlates with positive serology in a 
dose-dependent manner, since in the case of HLA-DQ2.5-homozygous APCs, the 
stimulation of gluten-specific T cells is more pronounced. This further leads to 
induced activation and proliferation of the T cells, which in turn take part in the 
induction of an anti-TG2 antibody response (du Pré et al., 2020). In earlier studies, 
HLA-DQ2.5 dose has been additionally associated with the presence of classical 
symptoms, especially among children (Bajor et al., 2019; Martínez-Ojinaga et al., 
2019), but this was not observed in the present study. Unexpectedly, instead of HLA-
DQ2.5-heterozygotes, the study patients negative for HLA-DQ2.5 were those 
presenting with classical phenotype most often. Moreover, the same patient group 
reported persistent symptoms at follow-up more often than did heterozygous or 
homozygous patients (Table 4.) Such findings contradicting earlier results may to 



 

77 

some extent be explained by the fact that 50% of the studies included in the meta-
analysis by Bajor et al. involved only paediatric patients, whereas in the present study, 
the cohort consisted of both adults and children, the latter being in the minority. 
The small number of paediatric patients in our cohort may actually explain why 
significant differences in terms of the parameters studied were not found among this 
particular group of patients. It is plausible that additional determinants other than 
HLA-DQ genotype affect the disease phenotype. In fact, this assumption has gained 
support from a recent study showing that siblings with similar HLA-DQ genotype 
actually had low concordance in terms of coeliac disease phenotype (Kauma et al., 
2019). Such additional factors may include both environmental factors and non-
HLA genetic variants, the latter also being studied in this dissertation. Moreover, 
there is a probability that the factors determining clinical phenotype may even differ 
between children and adults, which could further account for the inconsistent 
findings between this dissertation and those of studies published earlier. 
Additionally, the number of study patients in earlier studies has been significantly 
lower, less than 150 patients in 16 out of 24 studies (Bajor et al., 2019), whereas the 
number of patients recruited for the present cohort was more than 600. This is likely 
to improve the reliability of our results. 

At follow-up, no HLA-DQ2.5 dose dependency was observed concerning any of 
the parameters studied related to the clinical picture of coeliac disease (Table 2 in 
original publication II). Nevertheless, the groups differed statistically significantly in 
terms of adherence to GFD and presence of current symptoms. HLA-DQ2.5-
heterozygotes were most often committed to strict adherence to the diet whereas 
the proportion of patients with similar adherence was lowest among homozygotes. 
In spite of statistical significance, HLA-DQ genotype most likely does not affect 
adherence to the diet in any way. Thus, it is noteworthy that there was only one 
person in each group who reported not following the GFD, which indicates 
particularly high overall adherence to GFD, as was the case also in Study I, discussed 
in the preceding section (6.1). Patients negative for HLA-DQ2.5 were observed to 
suffer most from the prevailing symptoms. This could not, however, be explained 
by poorer adherence to GFD, since their adherence to the diet was excellent. 
Moreover, neither divergent serology nor small bowel mucosal morphology 
accounted for more pronounced experience of prevailing symptoms since for both 
parameters there were no statistically significant differences between HLA-DQ2.5 
dose groups. Another possible factor predisposing to persisting symptoms even 
during GFD has been proposed to be a long diagnostic delay (Paarlahti et al., 2013). 
In this case, however, this explanation also needs to be rejected since there were no 
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differences in the time limits within which the separate HLA-DQ2.5 dose groups 
received their diagnoses (Table 1 in original publication II). Alternative explanations 
for persisting symptoms could include small intestinal bacterial overgrowth, constant 
low-grade inflammation despite conscientious GFD adherence or altered intestinal 
microbiome (Rubio-Tapia et al., 2010; Tursi et al., 2003; Wacklin et al., 2014). In fact, 
it has been shown that the HLA-DQ genotype does have an effect on the intestinal 
microbiota and therefore this conception would deserve further investigations 
(Olivares et al., 2015). Interestingly, HLA-DQ2.5-negative patients were found to be 
symptom-wise very similar to the sporadic patients of Study I, both decidedly often 
having gastrointestinal phenotype at diagnosis and still experiencing symptoms at 
follow-up. Thus, these results concerning both HLA-DQ2.5-negative patients and 
sporadic coeliac disease patients add weight to considering lowering the threshold of 
coeliac disease suspicion for these patient groups in primary health care as well as 
paying special attention to them after diagnosis in clinical care in order to prevent 
continuous health problems and poorer quality of life. 

6.3 Contribution of non-HLA variants to the clinical picture of 
coeliac disease 

 To investigate whether genetic variants outside the HLA region are associated with 
familial or sporadic coeliac disease, 37 SNPs previously associated with coeliac 
disease and genotyped in our cohort were tested for these associations. Three SNPs, 
rs3748816, rs2816316 and rs2762051, were associated with increased risk for familial 
coeliac disease. Rs3748816 maps to locus 1p36.32, which harbours e.g. candidate 
gene TNFRSF14. TNFRSF14 belongs to the TNF superfamily and functions in 
signal transduction pathways that activate inflammatory and inhibitory T cell 
immune responses (B. S. Kwon et al., 1997). The same locus has  additionally been 
associated with rheumatoid arthritis (RA)(Coenen et al., 2009). Rs2816316 resides in 
locus 1q31.2, which houses candidate gene RGS1 encoding a protein of the same 
name. RGS1 attenuates the signalling activity of G-proteins (Watson et al., 1996) 
inhibiting chemokine-induced cell migration and integrin-mediated adhesion in 
lymphocytes (Bowman et al., 1998). RGS1 has previously been associated with T1D 
and multiple sclerosis (MS) (Esposito et al., 2010; Smyth et al., 2008). The third SNP 
found to associate with increased risk for familial coeliac disease was intron variant 
rs2762051 within DLEU1 located in 13q14.2. DLEU1 is a long non-coding RNA 
(lncRNA) which, in addition to being associated with coeliac disease, has been shown 
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to be abnormally elevated in numerous malignancies. Additionally, it has been 
reported to be involved in various activities of cancerous cells, including the 
procession of the proliferation, invasion and inhibition of apoptosis (Song et al., 
2020).  

Furthermore, one SNP, rs10903122, was found to be associated with decreased 
risk for familial coeliac disease. This variant maps to locus 1p36.11 within gene 
RUNX3,  which has also been reported to  be associated with ankylosing spondylitis 
(AS) and psoriasis (Apel et al., 2013). RUNX3 is a transcription factor known to 
control blood cell development during different stages of cell lineage specification 
(Korinfskaya et al., 2021). All four associations with familiar coeliac disease were 
only modestly statistically significant (P range 0.017–0.035) without adjustment for 
small sample size. Nevertheless, since they point to essential immunological 
pathways, their possible role in familial coeliac disease should be further studied and 
confirmed by statistically more stringent means in a larger study cohort. 

In the case of non-HLA variants within exonic regions of candidate genes CCR9 
and CCL25, several nominal associations with coeliac disease or its various 
phenotypes were observed (Table 5). In the CCR9 region, none of the associated 
SNPs had both RegulomeDB score ≤ 3a and eQTL effect on CCR9 expression. 
Nevertheless, rs12493471 was associated with gastrointestinal symptoms, 
malabsorption and anaemia, accompanied in each case by RegulomeDB score 3a. 
Furthermore, the same variant has  previously been associated with coeliac disease 
(Sharma et al., 2016), but the association was not replicated in the present study. 
Rs7652331, associated with gastrointestinal symptoms and malabsorption, had an 
even lower RegulomeDB score, 1f. Hence it is rather interesting in terms of 
functionality, since SNPs scoring from 1a to 1f are, by definition, predicted to affect 
different DNA regulatory elements as well as to have an eQTL effect. However, 
rs7652331 was not observed to have any eQTL effect on CCR9 expression, which 
further strengthens the assumption that most likely the probable effect of the SNP 
on phenotypes was due to other genes than CCR9. Another interesting variant was 
rs2133660. This SNP was associated with coeliac disease and several phenotypes 
(gastrointestinal symptoms, malabsorption, anaemia, PVA and negative serology), 
but instead of having a notable RegulomeDB score, it had a significant eQTL effect 
on CCR9 expression. Thus, there is a possibility that the associations with the 
aforementioned phenotypes more likely reflect the effect of some other SNP(s) 
residing in proximity to the given locus and causing induced expression of CCR9, 
seen as a significant eQTL effect. It is worth mentioning that none of the imputed 
exonic variants showed any association with potential or proven functional effect. 
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In terms of genetic variants located in the exonic region of CCL25, two SNPs, 
rs952444 and rs882951, were associated with gastrointestinal symptoms and 
malabsorption with the highest likelihood (RegulomeDB scores 1d and 1f 
respectively) of having functional, transcription related effects on gene expression, 
as well as significant eQTL effects on the expression of CCL25 in the small intestine. 
However, as far as we know, no evidence for altered CCL25 expression in the small 
intestine in different coeliac disease phenotypes has been presented. This could mean 
that the SNPs exert their effects via other mechanisms than those involving CCL25 
expression. Another SNP within CCL25 region, rs2303165, that was found in the 
sequencing approach and later imputed, was observed to be associated with PVA, 
but without eQTL effects in the small intestine. This observation supports the 
assumption that the variant could affect the phenotype without the involvement of 
CCL25. 

Nominal associations (in Study III) signify that the associations identified did not 
pass multiple testing correction set at 10,000 permutations. This may appear a rather 
stringent permutation threshold, but it was chosen because the empirically adjusted 
P values (PEMP2) provided by such a threshold afford convincing evidence of 
association (Kunert-Graf et al., 2021). Due to the strict permutation threshold as 
well as the fairly small sample size, the statistical power was somewhat limited for 
detecting strong associations, and confirmatory studies with larger, but carefully 
phenotyped cohorts of coeliac disease patients are needed in future. As already 
discussed  in the context of Studies I and II, it must not be forgotten that coeliac 
disease phenotypes most probably have additional non-genetic determinants such as 
the amount of gluten consumed, infections and microbes (Andrén Aronsson et al., 
2019; Størdal et al., 2021). 
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6.4 Strengths and limitations 

The main strength, that commonly applies to all the studies of this dissertation, was 
the opportunity to utilize very carefully phenotyped and well-defined patient 
material. Moreover, thorough genotype data of these phenotyped patients provided 
additional value by enabling investigations of the research questions between 
genotype and phenotype of coeliac disease that has not previously been investigated. 
Nevertheless, it is indisputable that retrospective study settings by their nature may 
appear as a limitation. Additionally, there was a variation in sample size between the 
parameters studied since not all the clinical data was available on each participating 
subject. 

The major strength of Study I was its novelty in terms of study design, since there 
are no earlier studies comparing familial and sporadic forms of coeliac disease. Even 
though coeliac disease has a strong familial nature and its disease penetrance has by 
birth cohort studies been reported to be even deeper than  generally supposed 
(Andrén Aronsson et al., 2019), it is equally important to acknowledge the sporadic 
form of the disease and investigate whether there are clinical characteristics that 
distinguish it from the familial form. The possibility of bias due to undetected coeliac 
disease among the relatives of apparently sporadic cases was substantially reduced 
by screening their undiagnosed family members. Nevertheless, it was impossible to 
obtain complete information about the family history or recruit all the family 
members of index patients for the study. Thus, the possibility of impaired detection 
of familial cases cannot be comprehensively excluded. Another issue that can be 
regarded as a limitation in Study I is the fact that the degree of kinship to affected 
family members was unevenly distributed among familial cases, since over 90% of 
index patients had first- or second-degree relative(s) affected, more distant 
relatedness being notably in the minority.   

For Studies I–II, study type, i.e., follow-up study, can be regarded as a strength 
since it enabled long-term (>2 years) observations as well as the augmentation of 
study parameters to also cover patients’ lives after diagnosis during the treatment 
period. Nevertheless, the actual studies were conducted retrospectively, which may 
appear as a limitation. In the case of Study II, the number of study patients was 
substantially higher than in earlier studies on the dose of HLA-DQ2.5 (Bajor et al., 
2019). However, the small number of paediatric patients precluded reliable analyses 
in terms of HLA.DQ2.5 dose effect in this particular patient group. 

In terms of characterization of patients’ phenotype in all three studies (I–III), 
hidden confounding factors possibly affecting patients’ experiences of symptoms 
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and quality of life could not be comprehensively excluded. Such factors might 
include e.g. sporadic autoimmunity of a close family member or latent, undiagnosed 
morbidity of a study patient. As for genotypic characterization, Study II considered 
HLA-DQ2.5 alleles only in cis configuration and the group of HLA-DQ2.5-negative 
patients was genetically rather heterogenous, including both patients with risk 
genotype (albeit low) for coeliac disease, e.g. HLA-DQ8 and/or HLA-DQ2.2, and 
patients without any major predisposing genotype. Despite clinically large patient 
cohorts, the number of study patients for genotype-phenotype association analyses 
in Studies I and III was rather modest.  

In Study III, the major strength was the opportunity to utilize imputed data 
enabling the investigation of exonic SNPs of genes CCR9 and CCL25 for the first 
time for coeliac disease associations, since coverage of the variants within these 
regions in previous association studies has been sparse. Nevertheless, the sequencing 
approach was implemented utilizing Sanger sequencing, a method that is inferior in 
accuracy and coverage to Next-Generation Sequencing techniques, which might be 
seen as a weakness of the study. As for functional annotation analyses, unfortunately 
eQTL data were not available on coeliac disease patients, which prevented further 
studies addressing eQTL effects in patients or investigating the possible effects of 
the SNPs on immunological changes of coeliac disease on a larger scale.  
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7 CONCLUSIONS 

The aims of this dissertation were to compare familial and sporadic coeliac disease 
in terms of phenotypic and genotypic differences and to examine the contribution 
of different genetic factors predisposing to coeliac disease both within the HLA 
region and outside of it, to the clinical phenotype of the disease. The following 
conclusions can be drawn based on the results obtained from Studies I-III of this 
dissertation: 
 

Familial coeliac disease appeared milder in terms of clinical presentation than did 
sporadic coeliac disease, even though familial cases more often possessed high-risk 
HLA-DQ genotypes associated with coeliac disease. Sporadic coeliac disease cases 
were found to have more severe clinical phenotype at diagnosis as well as poorer 
overall health even after dietary treatment. Four distinct non-HLA SNPs, rs3748816, 
rs2816316, rs2762051 and rs10903122, were associated with increased risk for 
familial coeliac disease. Confirmatory studies establishing the role of these variants 
in familial coeliac disease could be of interest in future. 

The contribution of HLA-DQ2.5 dose to the clinical picture of coeliac disease 
was modest. It was only observed for coeliac disease specific seropositivity at 
diagnosis and for the presence of relatives with coeliac disease. HLA-DQ2.5-
negative coeliac disease patients were observed to present with classical phenotype 
at diagnosis as well as with prevailing symptoms after dietary treatment more often 
than patients with higher-risk genotypes.  Taking this, and similar observations on 
the sporadic coeliac disease patients in Study I into consideration, special attention 
should be paid to these patient groups in clinics, possibly providing them with 
intensified support.  

Non-HLA SNPs within coeliac disease candidate genes CCR9 and CCL25 and 
with probable functional effect, were nominally associated with clinical phenotypes 
of coeliac disease. The results suggest that, despite the importance of these genes in 
both small intestinal homeostasis and immunology, their genetic variation likely 
makes a minor contribution to the clinical picture of coeliac disease.  
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APPENDIX 1: GENE NAME ABBREVIATIONS 

Nomenclature and formatting of gene names and their abbreviations are denoted 
according to the guidelines of the Human Genome Organization Gene 
Nomenclature Committee (HGNC). 

 
ADAD1 Adenosine Deaminase Domain Containing 1 
AP4B1 Adaptor Related Protein Complex 4 Subunit Beta 1 
AP4B1-AS1 AP4B1 Antisense RNA 1 
ARHGAP31 Rho GTPase Activating Protein 31 
ATXN2 Ataxin 2 
BACH2 BTB Domain And CNC Homolog 2 
BLTP1  Bridge-Like Lipid Transfer Protein Family Member 1 
CCR(“number”) C-C Motif Chemokine Receptor 
CCRL2 C-C Motif Chemokine Receptor Like 2  
GLB1 Galactosidase Beta 1 
CIITA Class II Major Histocompatibility Complex Transactivator 
CD28 CD28 Molecule 
CD80 CD80 Molecule 
CD247 CD247 Molecule 
CLEC16 C-Type Lectin Domain Containing 16A 
CLK3 CDC Like Kinase 3 
COLCA1 Colorectal Cancer Associated 1 
COLCA2 Colorectal Cancer Associated 2 
CSK C-Terminal Src Kinase 
CTLA4 Cytotoxic T-Lymphocyte Associated Protein 4 
DCLRE1B  DNA Cross-Link Repair 1B 
DDX6 DEAD-Box Helicase 6 
DUSP10 Dual Specificity Phosphatase 10 
ELMO1 Engulfment and Cell Motility 1 
ETS1 ETS Proto-Oncogene 1, Transcription Factor 
FASLG Fas Ligand  
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FRMD4B FERM Domain Containing 4B 
HCFC1 Host Cell Factor C1 
ICOS Inducible T Cell Costimulator  
ICOSLG Inducible T Cell Costimulator Ligand 
IL2 Interleukin 2 
IL21 Interleukin 21 
IL12A Interleukin 12A 
IL18R1 Interleukin 18 Receptor 1 
IL18RAP Interleukin 18 Receptor Accessory Protein 
INAVA Innate Immunity Activator 
IRAK1 Interleukin 1 Receptor Associated Kinase 1 
IRF4 Interferon Regulatory Factor 4 
ITGA4 Integrin Subunit Alpha 4  
LPP LIM Domain Containing Preferred Translocation Partner In 

Lipoma 
LTF Lactotransferrin 
MAGI3 Membrane Associated Guanylate Kinase, WW And PDZ 

Domain Containing 3 
MAP3K7 Mitogen-Activated Protein Kinase Kinase Kinase 7 
MMEL1 Membrane Metalloendopeptidase Like 1 
NCF2 Neutrophil Cytosolic Factor 2 
NFIA Nuclear Factor I A 
OLIG3 Oligodendrocyte Transcription Factor 3 
PARK7 Parkinsonism Associated Deglycase 
PFKFB3 6-Phosphofructo-2-Kinase/Fructose-2,6-Biphosphatase 3  
PHTF1 Putative Homeodomain Transcription Factor 1 
PLEK Pleckstrin 
POGLUT1 Protein O-Glucosyltransferase 1 
POU2AF1 POU Class 2 Homeobox Associating Factor 1 
PRKCQ Protein Kinase C Theta  
PRM1 Protamine 1 
PRM2 Protamine 2 
PRXL2B Peroxiredoxin Like 2B  
PTPN2 Protein Tyrosine Phosphatase Non-Receptor Type 2 
PTPN22 Protein Tyrosine Phosphatase Non-Receptor Type 22 
PTPRK Protein Tyrosine Phosphatase Receptor Type K 
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PUS10 Pseudouridine Synthase 10 
PVT1 Pvt1 Oncogene 
REL REL Proto-Oncogene, NF-KB Subunit 
RGS1 Regulator of G Protein Signaling 1 
RSBN1 Round Spermatid Basic Protein 1  
RUNX1 RUNX Family Transcription Factor 1 
RUNX3 RUNX Family Transcription Factor 3 
SCHIP1 Schwannomin Interacting Protein 1 
SH2B3 SH2B Adaptor Protein 3 
SMG7 SMG7 Nonsense Mediated MRNA Decay Factor 
SOCS1 Suppressor of Cytokine Signaling 1 
STAT4 Signal Transducer And Activator Of Transcription 4 
TAGAP T Cell Activation RhoGTPase Activating Protein 
THEMIS Thymocyte Selection Associated 
TLR7 Toll Like Receptor 7 
TLR8 Toll Like Receptor 8 
TMEM187 Transmembrane Protein 187 
TNFAIP3 TNF Alpha Induced Protein 3 
TNFRSF9 TNF Receptor Superfamily Member 9 
TNFRSF14 TNF Receptor Superfamily Member 14 
TNFSF4 TNF Superfamily Member 4 
TNFSF18 TNF Superfamily Member 18 
TREH Trehalase 
TTC34 Tetratricopeptide Repeat Domain 34 
UBASH3A Ubiquitin Associated and SH3 Domain Containing A  
UBE2E3 Ubiquitin Conjugating Enzyme E2 E3 
UBE2L3 Ubiquitin Conjugating Enzyme E2 L3 
YDJC YdjC Chitooligosaccharide Deacetylase Homolog 
ZFP36L1 ZFP36 Ring Finger Protein Like 1 
ZMIZ1 Zinc Finger MIZ-Type Containing 1 
ZNF335 Zinc Finger Protein 335 
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APPENDIX 2: GSRS QUESTIONNAIRE 

R_____________ 
 
THE GASTROINTESTINAL SYMPTOM RATING SCALE (GSRS) 

 
 
Nimi______________________________________________ 
 
Lue tämä ensin: 
Tutkimus sisältää kysymyksiä voinnistasi ja tilastasi kuluneen viikon aikana. 
Merkitse rastilla (X) se vaihtoehto, joka sopii parhaiten sinuun ja tilaasi. 
 
1. Onko Sinulla ollut VATSAKIPUJA kuluneen viikon aikana? (Vatsakivuilla    
     tarkoitetaan kaikenlaista kipua tai särkyä vatsassa.) 
☐ Ei minkäänlaisia vaivoja 
☐ Vähäpätöisiä vaivoja 
☐ Lieviä vaivoja 
☐ Kohtalaisia vaivoja 
☐ Melko pahoja vaivoja 
☐ Pahoja vaivoja 
☐ Erittäin pahoja vaivoja 
 
 
2. Onko Sinulla ollut NÄRÄSTYSTÄ kuluneen viikon aikana? (Närästyksellä  
     tarkoitetaan kirvelevää tai polttavaa pahanolontunnetta rintalastan takana.) 
☐ Ei minkäänlaisia vaivoja 
☐ Vähäpätöisiä vaivoja 
☐ Lieviä vaivoja 
☐ Kohtalaisia vaivoja 
☐ Melko pahoja vaivoja 
☐ Pahoja vaivoja 
☐ Erittäin pahoja vaivoja 
 
©J. Svedlund, E. Dimenäs, I. Wiklund 1995 
GSRS (F) 
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R_____________ 
 
 
3. Onko Sinulla ollut HAPPAMIA RÖYHTÄISYJÄ kuluneen viikon aikana? (Happamilla  
     röyhtäisyillä tarkoitetaan äkillisiä, hapanta vatsanestettä sisältäviä röyhtäisyjä.) 
☐ Ei minkäänlaisia vaivoja 
☐ Vähäpätöisiä vaivoja 
☐ Lieviä vaivoja 
☐ Kohtalaisia vaivoja 
☐ Melko pahoja vaivoja 
☐ Pahoja vaivoja 
☐ Erittäin pahoja vaivoja 
 
 
4. Onko Sinua HIUKAISSUT kuluneen viikon aikana? (Hiukaisulla tarkoitetaan  
     vatsassa olevaa hiukovaa tunnetta, johon liittyy tarve syödä aterioiden välillä.) 
☐ Ei minkäänlaisia vaivoja 
☐ Vähäpätöisiä vaivoja 
☐ Lieviä vaivoja 
☐ Kohtalaisia vaivoja 
☐ Melko pahoja vaivoja 
☐ Pahoja vaivoja 
☐ Erittäin pahoja vaivoja 
 
 
5. Onko Sinulla ollut PAHOINVOINTIA kuluneen viikon aikana? (Pahoinvoinnilla  
    tarkoitetaan pahanolontunnetta, joka saattaa muuttua kuvotukseksi tai  
    oksentamiseksi.) 
☐ Ei minkäänlaisia vaivoja 
☐ Vähäpätöisiä vaivoja 
☐ Lieviä vaivoja 
☐ Kohtalaisia vaivoja 
☐ Melko pahoja vaivoja 
☐ Pahoja vaivoja 
☐ Erittäin pahoja vaivoja 
 
 
 
©J. Svedlund, E. Dimenäs, I. Wiklund 1995 
GSRS (F)  
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R_____________ 
 
 
6. Onko vatsasi KURISSUT kuluneen viikon aikana? (Kurinalla tarkoitetaan vatsassa  
    tuntuvaa värinää tai ”murinaa”.) 
☐ Ei minkäänlaisia vaivoja 
☐ Vähäpätöisiä vaivoja 
☐ Lieviä vaivoja 
☐ Kohtalaisia vaivoja 
☐ Melko pahoja vaivoja 
☐ Pahoja vaivoja 
☐ Erittäin pahoja vaivoja 
 
 
7. Onko vatsaasi TURVOTTANUT kuluneen viikon aikana? (Turvotuksella  
    tarkoitetaan vatsassa tuntuvaa pingotusta, johon usein liittyy tuntemuksia  
    ilmavaivoista.) 
☐ Ei minkäänlaisia vaivoja 
☐ Vähäpätöisiä vaivoja 
☐ Lieviä vaivoja 
☐ Kohtalaisia vaivoja 
☐ Melko pahoja vaivoja 
☐ Pahoja vaivoja 
☐ Erittäin pahoja vaivoja 
 
 
8. Onko Sinua vaivannut RÖYHTÄILY kuluneen viikon aikana? (Röyhtäilyllä  
    tarkoitetaan tarvetta päästää ilmaa suun kautta, minkä yhteydessä vatsassa  
    tuntuva pingotus usein helpottuu.) 
☐ Ei minkäänlaisia vaivoja 
☐ Vähäpätöisiä vaivoja 
☐ Lieviä vaivoja 
☐ Kohtalaisia vaivoja 
☐ Melko pahoja vaivoja 
☐ Pahoja vaivoja 
☐ Erittäin pahoja vaivoja 
 
 
©J. Svedlund, E. Dimenäs, I. Wiklund 1995 
GSRS (F) 
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R_____________ 
 
 
9. Onko Sinulla ollut ILMAVAIVOJA kuluneen viikon aikana? (Ilmavaivoilla  
    tarkoitetaan tässä tarvetta päästää ilmaa, jonka yhteydessä vatsassa tuntuva  
    pingotus usein helpottuu.) 
☐ Ei minkäänlaisia vaivoja 
☐ Vähäpätöisiä vaivoja 
☐ Lieviä vaivoja 
☐ Kohtalaisia vaivoja 
☐ Melko pahoja vaivoja 
☐ Pahoja vaivoja 
☐ Erittäin pahoja vaivoja 
 
 
10. Onko Sinua vaivannut UMMETUS kuluneen viikon aikana? (Ummetuksella  
       tarkoitetaan ulostuskertojen harventumista.) 
☐ Ei minkäänlaisia vaivoja 
☐ Vähäpätöisiä vaivoja 
☐ Lieviä vaivoja 
☐ Kohtalaisia vaivoja 
☐ Melko pahoja vaivoja 
☐ Pahoja vaivoja 
☐ Erittäin pahoja vaivoja 
 
 
11. Onko Sinua vaivannut RIPULI kuluneen viikon aikana? (Ripulilla tarkoitetaan  
       ulostuskertojen lisääntymistä.) 
☐ Ei minkäänlaisia vaivoja 
☐ Vähäpätöisiä vaivoja 
☐ Lieviä vaivoja 
☐ Kohtalaisia vaivoja 
☐ Melko pahoja vaivoja 
☐ Pahoja vaivoja 
☐ Erittäin pahoja vaivoja 
 
 
 
©J. Svedlund, E. Dimenäs, I. Wiklund 1995 
GSRS (F) 
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R_____________ 
 
 
12. Onko Sinua vaivannut LÖYSÄ VATSA kuluneen viikon aikana? (Jos ulosteesi on  
      välillä ollut kovaa ja välillä löysää, ilmoita vain, missä määrin ulosteesi löysyys  
      on Sinua vaivannut.) 
☐ Ei minkäänlaisia vaivoja 
☐ Vähäpätöisiä vaivoja 
☐ Lieviä vaivoja 
☐ Kohtalaisia vaivoja 
☐ Melko pahoja vaivoja 
☐ Pahoja vaivoja 
☐ Erittäin pahoja vaivoja 
 
 
13. Onko Sinua vaivannut KOVA VATSA kuluneen viikon aikana? (Jos ulosteesi on  
      välillä ollut kovaa ja välillä löysää, ilmoita vain, missä määrin ulosteesi kovuus  
      on Sinua vaivannut.) 
☐ Ei minkäänlaisia vaivoja 
☐ Vähäpätöisiä vaivoja 
☐ Lieviä vaivoja 
☐ Kohtalaisia vaivoja 
☐ Melko pahoja vaivoja 
☐ Pahoja vaivoja 
☐ Erittäin pahoja vaivoja 
 
 
14. Onko Sinua vaivannut kuluneen viikon aikana PAKOTTAVA ULOSTAMISEN  
      TARVE? (Pakottavalla ulostamisen tarpeella tarkoitetaan äkillistä tarvetta käydä  
      WC:ssä. Siihen liittyy usein puutteellisen pidättämiskyvyn tunne.) 
☐ Ei minkäänlaisia vaivoja 
☐ Vähäpätöisiä vaivoja 
☐ Lieviä vaivoja 
☐ Kohtalaisia vaivoja 
☐ Melko pahoja vaivoja 
☐ Pahoja vaivoja 
☐ Erittäin pahoja vaivoja 
 
©J. Svedlund, E. Dimenäs, I. Wiklund 1995 
GSRS (F)  
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R_____________ 
 
 
15. Onko Sinulla kuluneen viikon aikana ollut ULOSTAMISEN YHTEYDESSÄ TUNNE,  
      ETTÄ SUOLI EI OLE TYHJENTYNYT KOKONAAN? (Tällä tarkoitetaan, että suoli ei  
      ponnistuksista huolimatta tunnu tyhjentyneen kunnolla.) 
☐ Ei minkäänlaisia vaivoja 
☐ Vähäpätöisiä vaivoja 
☐ Lieviä vaivoja 
☐ Kohtalaisia vaivoja 
☐ Melko pahoja vaivoja 
☐ Pahoja vaivoja 
☐ Erittäin pahoja vaivoja 
 
 
16. ONKO SINULLA VIIMEISEN KUUKAUDEN AIKANA ESIINTYNYT SEURAAVIA  
      OIREITA (rengasta sopivat vaihtoehdot) 
a. kielikipuja 
b. haavaumia suussa 
c. luustokipuja 
d. puutumista 
e. muuta, mitä _____________________________________________________ 
 
 
 
TARKISTA, ETTÄ OLET VASTANNUT KAIKKIIN KYSYMYKSIIN, ENNEN KUIN PALAUTAT 
LOMAKKEEN. 
 
KIITOS AVUSTASI! 
 
 
 
 
 
 
 
 
 
 
©J. Svedlund, E. Dimenäs, I. Wiklund 1995 
GSRS (F) 
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APPENDIX 3: PGWB QUESTIONNAIRE 

The R_____________ 

PGWB INDEX 

 

Nimi______________________________________________ 

Tutkimuksen tämä osa sisältää kysymyksiä siitä, miltä Teistä tuntuu ja kuinka Teillä on 
mennyt VIIMEKSI KULUNEEN VIIKON AIKANA. Jokaisen kysymyksen osalta 
rastittakaa (X) se vaihtoehto, joka parhaiten sopii Teidän kohdallenne. 

 
1. Miltä Teistä on YLEISESTI ottaen TUNTUNUT viimeksi kuluneen viikon aikana? 
☐ Mielialani on ollut erinomainen 
☐ Mielialani on ollut oikein hyvä 
☐ Mielialani on ollut enimmäkseen hyvä 
☐ Mielialani on vaihdellut paljon 
☐ Mielialani on ollut enimmäkseen huono 
☐ Mielialani on ollut hyvin huono 
 
 
2. Kuinka usein Teitä on VAIVANNUT JOKIN SAIRAUS, RUUMIILLINEN VAIVA, SÄRYT  
     tai KIVUT viimeksi kuluneen viikon aikana? 
☐ Joka päivä 
☐ Melkein joka päivä 
☐ Noin puolet ajasta 
☐ Silloin tällöin, mutta vähemmän kuin puolet ajasta 
☐ Harvoin 
☐ Ei koskaan 
 
 
©I. Wiklund/E. Dimenäs 1989 
PGWB (F) 
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R_____________ 
 
 
3. Tunsitteko itsenne MASENTUNEEKSI viimeksi kuluneen viikon aikana? 
☐ Kyllä – niin paljon, että minusta tuntui siltä, että ottaisin itseni hengiltä 
☐ Kyllä – niin paljon, etten välittänyt mistään 
☐ Kyllä – hyvin masentuneeksi melkein joka päivä 
☐ Kyllä – melko masentuneeksi useita kertoja 
☐ Kyllä – lievästi masentuneeksi silloin tällöin 
☐ Ei – en ole kertaakaan tuntenut itseäni lainkaan masentuneeksi 
 
 
4. Oletteko pystynyt HALLITSEMAAN KÄYTTÄYTYMISTÄNNE, AJATUKSIANNE,   
    MIELIALOJANNE tai TUNTEITANNE viimeksi kuluneen viikon aikana? 
☐ Kyllä, ehdottomasti 
☐ Kyllä – useimmiten 
☐ Yleensä 
☐ En kovin hyvin 
☐ En, ja se häiritsee minua jonkin verran 
☐ En, ja se häiritsee minua kovasti 
 
 
5. Onko Teitä vaivannut HERMOSTUNEISUUS tai LEVOTTOMUUS viimeksi kuluneen  
    viikon aikana? 
☐ Erittäin paljon, jopa niin, että en ole voinut tehdä työtä tai huolehtia asioista 
☐ Hyvin paljon 
☐ Melko paljon 
☐ Jonkin verran, niin että se on vaivannut minua 
☐ Vähän 
☐ Ei lainkaan 
 
 
 
 
 
 
 
 
 
©I. Wiklund/E. Dimenäs 1989 
PGWB (F)  
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R_____________ 
 
 
6. Kuinka paljon TARMOA, PIRTEYTTÄ tai ELINVOIMAA Teillä on ollut viimeksi     
    kuluneen viikon aikana? 
☐ Hyvin täynnä tarmoa – erittäin pirteä 
☐ Melko tarmokas suurimman osan ajasta 
☐ Tarmokkuuteni on vaihdellut melkoisesti 
☐ Yleensä vähän tarmoa tai pirteyttä 
☐ Hyvin vähän elinvoimaa tai tarmoa suurimman osan ajasta 
☐ Ei lainkaan tarmoa tai elinvoimaa – olen tuntenut itseni loppuun ajetuksi tai   
     loppuunkuluneeksi 
 
 
7. Olen tuntenut itseni ALAKULOISEKSI JA SYNKKÄMIELISEKSI viimeksi kuluneen  
     viikon aikana? 
☐ En kertaakaan 
☐ Vähän tänä aikana 
☐ Jonkin verran tänä aikana 
☐ Melkoisen osan tästä ajasta 
☐ Suurimman osan tästä ajasta 
☐ Koko ajan 
 
 
8. Oletteko yleisesti ollut KIREÄ tai tuntenut itsenne JÄNNITTYNEEKSI viimeksi   
    kuluneen viikon aikana? 
☐ Kyllä, erittäin jännittyneeksi suurimman osan ajasta tai koko ajan 
☐ Kyllä, hyvin jännittyneeksi suurimman osan ajasta 
☐ En ole ollut koko ajan kireä, mutta olen tuntenut itseni melko jännittyneeksi 
useita kertoja 
☐ Olen tuntenut itseni vähän jännittyneeksi muutamia kertoja 
☐ En ole yleensä tuntenut itseäni jännittyneeksi 
☐ En ole lainkaan tuntenut itseäni jännittyneeksi 
 
 
 
 
 
 
©I. Wiklund/E. Dimenäs 1989 
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R_____________ 
 
 
9. Kuinka ONNELLINEN, TYYTYVÄINEN tai MIELISSÄNNE olette ollut viimeksi  
    kuluneen viikon aikana? 
☐ Erittäin onnellinen, en olisi voinut olla tyytyväisempi tai enemmän mielissäni 
☐ Hyvin onnellinen suurimman osan ajasta 
☐ Yleensä tyytyväinen ja mielissäni 
☐ Joskus melko onnellinen ja joskus melko onneton 
☐ Yleensä tyytymätön ja onneton 
☐ Hyvin tyytymätön tai onneton suurimman osan ajasta tai koko ajan 
 
 
10. Oletteko tuntenut itsenne riittävän TERVEEKSI tekemään asioita, joita haluatte  
       tehdä tai Teidän on ollut pakko tehdä viimeksi kuluneen viikon aikana? 
☐ Kyllä, ehdottomasti 
☐ Suurimman osan ajasta 
☐ Terveysongelmat ovat merkittävästi rajoittaneet minua 
☐ Olen ollut vain niin terve, että olen voinut huolehtia itsestäni 
☐ Olen tarvinnut jonkin verran apua itseni huolehtimisessa 
☐ Olen tarvinnut toista henkilöä auttamaan itseäni useimmissa tai kaikissa  
     asioissa, joita minun on täytynyt tehdä 
 
 
11. Oletteko tuntenut itsenne niin SURULLISEKSI, LANNISTUNEEKSI tai  
       TOIVOTTOMAKSI, että olette miettinyt, onko millään mitään merkitystä   
       viimeksi kuluneen viikon aikana? 
☐ Erittäin paljon – niin paljon, että olen ollut valmis luovuttamaan 
☐ Hyvin paljon 
☐ Melko lailla 
☐ Jonkin verran – sen verran, että se on vaivannut minua 
☐ Vähän 
☐ En lainkaan 
 
 
 
 
 
 
©I. Wiklund/E. Dimenäs 1989 
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12. Oletteko herännyt PIRTEÄNÄ ja LEVÄNNEENÄ viimeksi kuluneen viikon aikana? 
☐ En kertaakaan 
☐ Muutaman harvan kerran 
☐ Joitakin kertoja 
☐ Aika monta kertaa 
☐ Useimmiten 
☐ Joka kerta 
 
 
13. Oletteko ollut HUOLISSANNE tai LEVOTON TERVEYDESTÄNNE viimeksi  
       kuluneen viikon aikana? 
☐ Erittäin paljon 
☐ Hyvin paljon 
☐ Melko paljon 
☐ Jonkin verran, mutta en kovin paljon 
☐ Käytännöllisesti katsoen en koskaan 
☐ En lainkaan 
 
 
14. Onko Teistä tuntunut siltä, että olisitte ”MENETTÄMÄSSÄ JÄRKENNE” tai 
KONTROLLINNE siitä, miten TOIMITTE, PUHUTTE, AJATTELETTE, TUNNETTE tai 
MITÄ MUISTATTE viimeksi kuluneen viikon aikana? 
☐ Ei lainkaan 
☐ Vain vähän 
☐ Jonkin verran, mutta ei niin paljon, että olisin ollut huolissani tai levoton siitä 
☐ Jonkin verran ja olen ollut vähän huolissani 
☐ Jonkin verran ja olen ollut melko huolissani 
☐ Kyllä, hyvin paljon ja olen ollut hyvin huolissani 
 
 
 
 
 
 
 
 
©I. Wiklund/E. Dimenäs 1989 
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R_____________ 
 
 
15. Päivittäinen elämäni on ollut TÄYNNÄ minua KIINNOSTAVIA ASIOITA viimeksi  
       kuluneen viikon aikana? 
☐ Ei lainkaan tänä aikana 
☐ Vain pienen osan tästä ajasta 
☐ Joskus 
☐ Melkoisen osan tästä ajasta 
☐ Suurimman osan tästä ajasta 
☐ Koko ajan 
 
 
16. Oletteko tuntenut itsenne AKTIIVISEKSI/TARMOKKAAKSI tai TYLSÄKSI/VELTOKSI  
       viimeksi kuluneen viikon aikana? 
☐ Hyvin aktiiviseksi/tarmokkaaksi joka päivä 
☐ Enimmäkseen aktiiviseksi/tarmokkaaksi – en koskaan tylsäksi/veltoksi 
☐ Melko aktiiviseksi/tarmokkaaksi – harvoin tylsäksi/veltoksi 
☐ Melko tylsäksi/veltoksi – harvoin aktiiviseksi/tarmokkaaksi 
☐ Enimmäkseen tylsäksi/veltoksi – en koskaan aktiiviseksi/tarmokkaaksi 
☐ Hyvin tylsäksi/veltoksi joka päivä 
 
 
17. Oletteko ollut HUOLESTUNUT, HARMISSANNE tai AHDISTUNUT viimeksi  
       kuluneen viikon aikana? 
☐ Erittäin paljon – niin paljon, että olen tuntenut itseni melkein sairaaksi 
huolestuneisuudesta 
☐ Hyvin paljon 
☐ Melko lailla 
☐ Jonkin verran – sen verran, että se on vaivannut minua 
☐ Vähän 
☐ En lainkaan 
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18. Olen tuntenut itseni TASAPAINOISEKSI ja VARMAKSI viimeksi kuluneen viikon  
       aikana? 
☐ En lainkaan tänä aikana 
☐ Pienen osan tästä ajasta 
☐ Joskus 
☐ Huomattavan osan tästä ajasta 
☐ Suurimman osan tästä ajasta 
☐ Koko ajan 
 
 
19. Oletteko tuntenut itsenne LEVOLLISEKSI/HUOJENTUNEEKSI vai  
       PINGOTTUNEEKSI/KIREÄKSI viimeksi kuluneen viikon aikana? 
☐ Olen tuntenut itseni levolliseksi ja huojentuneeksi koko viikon 
☐ Olen tuntenut itseni levolliseksi ja huojentuneeksi suurimman osan ajasta 
☐ Yleensä olen tuntenut itseni levolliseksi, mutta ajoittain olen tuntenut itseni  
     melko pingottuneeksi 
☐ Yleensä olen tuntenut itseni pingottuneeksi, mutta ajoittain olen tuntenut itseni  
     melko levolliseksi 
☐ Olen tuntenut itseni pingottuneeksi/kireäksi suurimman osan ajasta 
☐ Olen tuntenut itseni hyvin pingottuneeksi/kireäksi koko ajan 
 
 
20. Olen tuntenut itseni ILOISEKSI/HUOLETTOMAKSI viimeksi kuluneen viikon  
       aikana? 
☐ En lainkaan tänä aikana 
☐ Pienen osan tästä ajasta 
☐ Joskus 
☐ Melkoisen osan tästä ajasta 
☐ Suurimman osan tästä ajasta 
☐ Koko ajan 
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21. Olen tuntenut itseni VÄSYNEEKSI ja LOPPUUN KULUNEEKSI viimeksi kuluneen  
       viikon aikana? 
☐ En lainkaan tänä aikana 
☐ Pienen osan tästä ajasta 
☐ Joskus 
☐ Melkoisen osan tästä ajasta 
☐ Suurimman osan tästä ajasta 
☐ Koko ajan 
 
 
22. Oletteko tuntenut itsenne ”STRESSAANTUNEEKSI”, RASITTUNEEKSI tai PAINEEN  
       ALAISEKSI viimeksi kuluneen viikon aikana? 
☐ Kyllä, melkein enemmän kuin voin sietää tai kestää 
☐ Kyllä melko lailla 
☐ Kyllä, jonkin verran – enemmän kuin tavallisesti 
☐ Kyllä, jonkin verran – kuten tavallisesti 
☐ Kyllä, vähän 
☐ En lainkaan 
 
 
 
TARKISTAKAA, ETTÄ OLETTE VASTANNUT KAIKKIIN KYSYMYKSIIN! 
KIITOS HYVÄSTÄ YHTEISTYÖSTÄ. 
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Abstract
Background It is not known if genetic background, characteristics at diagnosis, physical and psychological well-being, and 
adherence to a gluten-free diet are comparable between patients with familial or sporadic celiac disease. These issues were 
investigated in a follow-up study.
Methods Altogether 1064 patients were analyzed for celiac disease-associated serology, predisposing HLA-DQ, and non-
HLA genotypes. Medical data were collected from patient records and supplementary interviews. Current symptoms and 
quality of life were further evaluated with the Gastrointestinal Symptom Rating Scale (GSRS), the Psychological General 
Well-Being questionnaire (PGWB), and Short Form 36 (SF-36) questionnaires.
Results Familial and sporadic groups differed (P < 0.001) in the reason for diagnosis and clinical presentation at diagnosis, 
familial patients being more often screen-detected (26% vs. 2%, P < 0.001) and having less often gastrointestinal (49% vs. 
69%) and severe symptoms (47% vs. 65%). The groups were comparable in terms of histological damage, frequency of mal-
absorption, comorbidities, childhood diagnoses, and short-term treatment response. At the time of the study, familial cases 
reported fewer symptoms (21% vs. 30%, P = 0.004) and lower prevalence of all (78% vs. 86%, P = 0.007), neurological (10% 
vs. 15%, P = 0.013), and dermatological (9% vs. 17%, P = 0.001) comorbidities. Dietary adherence and GSRS scores were 
comparable, but familial cases had better quality of life according to PGWB and SF-36. High-risk genotype HLA-DQ2.5/
DQ2.5 was more frequent among familial cases, and four non-HLA SNPs were associated with familial celiac disease.
Conclusions Despite the greater proportion of high-risk genotypes, familial cases had milder symptoms at presentation 
than did sporadic cases. Worse experience of symptoms and poorer quality of life in sporadic disease indicate a need for 
intensified support.

Keywords Celiac disease · Familial · Sporadic · Symptoms · Quality of life · HLA
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Introduction

Celiac disease is a chronic immune-mediated disorder in 
which ingestion of dietary gluten typically causes inflam-
mation and morphological damage in the small bowel 
mucosa. According to population-based screening stud-
ies, the true prevalence of this heavily underdiagnosed 
disease is approximately 1–3% [1–3]. In specific at-risk 
groups, such as relatives of patients and subjects with 
another autoimmune disease, prevalence may reach as high 
as 5–15% [4–8]. At the individual level, the risk of celiac 
disease is increased by several factors including gender, 
predisposing HLA-DQ genotype and, in the case of famil-
ial celiac disease, the degree of relatedness with the index 
patient [7–9].

HLA class II genes encoding HLA-DQ2 and DQ8 are 
required for the development of celiac disease. Approxi-
mately 90% of patients carry HLA-DQ2.5 (encoded by 
HLA-DQA1*0501 and HLA-DQB1*0201; approxi-
mately 20% homozygotes) [10, 11]. The rest carry either 
HLA-DQ2.2 (DQA1*0201/DQB1*0202) or HLA-DQ8 
(DQA1*03/DQB1*0302). In addition, more than 40 
non-HLA loci may contribute to disease susceptibility 
[12–14]. Interestingly, the presentation of celiac disease 
varies widely and patients may suffer either gastrointes-
tinal or extraintestinal symptoms, or be even completely 
asymptomatic [15]. In fact, the phenotype may even vary 
between identical twins [16], indicating a modifying effect 
of environmental factors. It is currently unclear whether 
familial risk, either in conjunction with or independently 
of the genotype, also affects the phenotype and treatment 
outcomes in celiac disease, as well as long-term coping 
with the gluten-free diet.

The aim of this study was to compare familial and spo-
radic celiac disease with regard to the clinical, histologi-
cal, and serological presentation at diagnosis and physical 
and psychological well-being and treatment compliance 
after being on dietary treatment for several years. This was 
established by exploiting large and well-defined cohorts of 
patients with or without affected family members.

Materials and Methods

Patients and Study Design

The study was carried out at the Celiac Disease Research 
Center, Tampere University, and at Tampere University 
Hospital. Biopsy-proven celiac disease patients and their 
relatives were recruited by a nationwide search with the 
help of nationwide and local celiac societies and by means 

newspaper announcements. In order to ascertain whether 
the presence of family risk affects coping with a gluten-
free diet, all voluntary adult study participants completed 
specific questionnaires eliciting symptoms and quality of 
life. Furthermore, they, or in the case of a child the guard-
ian, were interviewed by a physician or a study nurse with 
expertise in celiac disease. All relevant medical data and 
diagnoses were confirmed from patient records as avail-
able. In addition, blood samples were drawn from both the 
patients and their relatives for further analyses of celiac 
disease-associated serology and genetics (Fig. 1).

Family history of celiac disease was assessed by inter-
view and from the medical records if reported. Furthermore, 
previously undiagnosed relatives with positive celiac anti-
bodies in the present screening were referred to gastrointesti-
nal endoscopy and the new confirmed cases were considered 
to be affected family members. Moreover, for the purposes 
of this study, relatives who refused the biopsy but had posi-
tive serum endomysium (EmA) and tissue transglutaminase 
antibodies (tTGab) were also regarded as affected family 

Fig. 1  Flowchart of the study
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members based on the evidence that seropositivity for EmA 
and tTGab affords excellent specificity for celiac disease 
[5, 17]. Patients whose relatives had inconclusive serology 
and no biopsy were excluded from further analyses, as were 
those with unclear family history, non-celiac gluten sensitiv-
ity or only self-reported celiac disease.

The final study cohort included 1064 celiac disease 
patients, who were divided into “familial cases” (n = 761) 
with one or more affected relatives and “sporadic cases” 
(n = 303) with no diagnosed relatives (Fig. 1).

Clinical Data

Clinical information was gathered by patient interviews 
and supplemented from the patient records. In the case of 
children, the parents/guardians were interviewed. The data 
collected included demographic information, clinical pres-
entation at diagnosis, and the main reason for suspicion of 
celiac disease, as well as celiac disease-associated (e.g., type 
1 diabetes and autoimmune thyroidal disease) or other con-
comitant chronic illnesses. Moreover, data on adherence and 
capability to maintain a gluten-free diet, use of purified oats 
in the diet, and presence of any kind of (e.g., gastrointestinal 
and extraintestinal) recurrent self-reported symptoms and 
complications were recorded. Malabsorption was defined as 
weight loss and presence of characteristic laboratory abnor-
malities, such as anemia, hypoalbuminemia, low folate or 
low vitamin B12.

The main reason for suspecting celiac disease was further 
categorized into “gastrointestinal symptoms,” “extraintesti-
nal symptoms,” and “screen-detected” and severity of symp-
toms before diagnosis as “none,” “mild or moderate,” and 
“severe” as previously defined [18]. Adherence to gluten-
free diet was categorized as either “strict” or “occasional or 
frequent lapses” based on the dietary interview.

Serology

The results of celiac disease serology at the time of diagno-
sis were collected from the medical records. Only EmA titers 
were considered in this analysis, since some of the patients 
had been diagnosed before the introduction of tTGab tests. 
From serum samples collected at the time of the present 
study, tTGab values were tested by enzyme-linked immu-
nosorbent assay (QUANTA Lite h-tTG IgA, INOVA Diag-
nostics, San Diego, CA; cutoff for positivity > 30 U/l) and 
EmA titers using indirect immunofluorescence with human 
umbilical cord as an antigen. Titers 1: ≥ 5 were considered 
positive for EmA, and positive samples were further diluted 
until negative to 1:50, 1:100, 1:200, 1:500, 1:1000, 1:2000, 
and 1:4000.

Histology

The results of histological analysis of the small-bowel 
mucosal biopsies were collected from the pathology reports. 
In our clinical practice, a minimum of four duodenal biop-
sies are taken upon endoscopy from each patient with sus-
pected celiac disease and during the repeat endoscopy while 
on a gluten-free diet. Severity of small intestinal mucosal 
damage is evaluated from several representative and well-
orientated biopsy specimens, and the degree of diagnostic 
villous atrophy is classified as partial, subtotal, or total.

Questionnaires

Three structured and validated questionnaires were used to 
evaluate current gastrointestinal symptoms and quality of 
life. This was done with adult patients only since the ques-
tionnaires are not validated in subjects under 18 years of age.

The Gastrointestinal Symptom Rating Scale (GSRS) 
measures self-reported symptoms with 15 selected ques-
tions [19]. Each individual question is scored on a Likert 
scale from 1 to 7 points, with higher scores indicating more 
severe gastrointestinal symptoms. Total score is calculated 
as an average of the 15 individual scores. In addition, five 
separate sub-scores, including diarrhea, indigestion, consti-
pation, abdominal pain, and reflux, can be calculated as an 
average of the relevant questions.

The Psychological General Well-Being questionnaire 
(PGWB) was used to evaluate quality of life and well-being 
[20, 21]. It consists of 22 questions covering anxiety, depres-
sion, well-being, self-control, general health, and vitality. 
Each question is scored from 1 to 6 points, higher values 
indicating better self-reported quality of life and well-
being. The total score is reported as a sum of each question 
and each sub-score as a sum of the relevant sub-category 
questions.

The Short Form 36 (SF-36) was also used to evaluate 
quality of life and health [22]. The questionnaire consists of 
36 items divided into eight sub-categories including physical 
functioning, physical role limitations, emotional role limita-
tions, vitality, mental health, social functioning, bodily pain, 
and general health. Each question is scored from 0 to 100 
points, with higher scores indicating a better result. The sub-
category scores are calculated as averages of the relevant 
items. Physical functioning refers to an individual´s capacity 
to undertake daily activities such as doing dishes and clean-
ing, while physical role limitations elicit if health issues pre-
vent the subject, e.g., from going to work or school.

Genetic Analysis

The genotypes corresponding to disease-associated HLA 
variants HLA-DQ2.5, HLA-DQ8, and HLA-DQ2.2 were 
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determined from the patients using commercial HLA typ-
ing kits (Olerup SSP low-resolution kit, Olerup SSP AB, 
Saltsjöbaden, Sweden, or  DELFIA® Celiac Disease Hybridi-
zation Assay Kit, PerkinElmer Life and Analytical Sciences, 
Wallac Oy, Turku, Finland) or the TaqMan chemistry-
based genotyping of the HLA tagging SNPs as previously 
described [23, 24].

A further 552 patients were genotyped with Illumina 
610-Quad BeadChip array for 39 non-HLA SNPs previously 
associated with celiac disease risk as a part of the European 
Genome-wide Association Study [13]. Of these, 37 SNPs 
passed the quality control filters (Hardy–Weinberg Equi-
librium test, P ≤ 0.05) and were tested for association with 
familiar/sporadic celiac disease. Genotypes were stored on 
and quality checks and filtering performed with BC Genome 
platform, version 4.0 (BC Platforms Espoo, Finland). Single 
marker association analyses were performed using PLINK, 
version 1.07 [25]. Patients with unclear genotype were 
excluded and, in order to avoid false positive findings due 
to trait correlation between genetically related individuals, 
only one patient from each family was included.

Statistics

Statistical analyses were performed with SPSS Statistics ver-
sion 23 (IBM Corp, New York, NY, USA). Continuous vari-
ables were presented as medians with range or with lower 
(25th percentile) and upper (75th percentile) quartiles, or as 
number of subjects, and tested for statistical significance by 
Mann–Whitney U test. Binominal and categorical variables 
were presented as percentages and tested by Chi-square test. 
P value < 0.05 was considered significant across all analyses. 
Odds ratios (OR) with 95% confidence intervals (CI) were 
calculated for the non-HLA SNPs in both study groups.

Results

At diagnosis of celiac disease, the median age of the familial 
cases was 39 (range 0–81) years and of the sporadic cases 
41 (range 1–79) years (P = 0.010). Of the familial cases, 
39% had one and 61% had two or more affected relatives 
and 92% of all familial cases had affected first- or second-
degree relative(s). Affected relative(s) were more often from 
mother’s (64%) than father’s (31%) side of the family. In 5% 
of familial cases, both maternal and paternal relatives were 
affected.

Familial cases were more often screen-detected and EmA 
positive and had less often gastrointestinal presentation, 
dermatitis herpetiformis, and severe symptoms at diagnosis 
(Table 1). There were no significant differences between the 
study groups in the prevalence of childhood diagnoses and 
malabsorption, or severity of small-bowel mucosal damage 

(Table 1). The groups also achieved comparable recovery of 
the mucosal morphology after 1 year on a gluten-free diet 
(full recovery of the villi in 59.3% and 60.3%, respectively, 
P = 0.956).

At present follow-up evaluation, the median age was 50 
(range 2–89) years in the familial cases and 52 (6–84) years 
in the sporadic cases. The former group had been on gluten-
free diet significantly longer (median 8 [range 4–15] vs. 7 
[range 3–13] years, respectively; P = 0.005). Familial cases 
reported overall symptoms less often but were more often 
EmA positive on a gluten-free diet (Table 2). They also had 
less often regular follow-up with borderline significance, 
whereas the groups were comparable in current adherence 
and capability to manage a gluten-free diet, use of gluten-
free oats, and frequency of tTGab positivity (Table 2). 
In addition, the groups did not differ in gastrointestinal 

Table 1  Clinical, serological, and histological characteristics at diag-
nosis in 1064 patients with familial or sporadic celiac disease

Bold values indicate statistically significant difference with P value 
< 0.05
a For example, dermatitis herpetiformis, arthralgia, rash, swelling, 
fatigue [18]
b For example, diarrhea, constipation, abdominal pain, flatulence, 
loose stools, mouth ulcers [18]
d Endomysium or antireticulin antibodies
Data were available in > 90% of the cases except c586 and 213; e404 
and 137; and f584 and 244, respectively
*Calculated across all three variables

Familial 
n = 761

Sporadic 
n = 303

P

N % N %

Females 554 72.8 229 75.6 0.353
Celiac disease diagnosis in child-

hood
143 18.8 44 14.5 0.088

Main reason for the diagnosis < 0.001*
 Screening 200 26.3 7 2.3
 Extraintestinal  symptomsa 187 24.6 88 29.1
 Gastrointestinal  symptomsb 374 49.1 207 68.5

Other common symptoms
 Malabsorption 270 35.7 107 35.5 0.971
 Dermatitis herpetiformis 102 13.5 64 21.3 0.002

Severity of symptoms at  diagnosisc < 0.001*
 No symptoms 60 10.2 3 1.4
 Mild or moderate 251 42.8 71 33.3
 Severe 275 46.9 139 65.3

Seropositivityd at  diagnosise 358 88.6 112 81.8 0.040
Severity of villous atrophy at 

 diagnosisf
0.147

 Partial 192 32.9 97 39.8
 Subtotal 233 39.9 91 37.3
 Total 159 27.2 56 23.0
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symptoms as measured by GSRS, but familial cases had 
better median PGWB general health score and SF-36 total, 
physical functioning, vitality, and mental health scores 
(Table 3).

Regarding concomitant chronic conditions, there were no 
differences between the groups in frequency of fractures, but 
familial cases were more often completely free from other 
conditions and had less often neurological and dermatologi-
cal diseases (Supplementary Table 1).

Celiac disease-associated HLA haplotypes were available 
(one case per family) from 330 familial and 222 sporadic 
cases. The overall HLA-DQ distribution differed signifi-
cantly between the two groups (Table 4). Homozygosity 
for HLA-DQ2.5 was also more common among the famil-
ial cases, while HLA-DQ2.2/DQ2.2 or HLA-DQ2.2/DQX, 
HLA-DQ8/DQ8, and HLA-DQX/DQX haplotypes were 
more common among sporadic cases (Table 4).

Of the 37 tested celiac disease-associated non-HLA 
SNPs, rs3748816 (OR 1.39, 95% CI 1.03–1.90; P = 0.034), 
rs2816316 (OR 1.75, 95% CI 1.10–2.79; P = 0.017), and 
rs2762051 (OR 1.48, CI 1.03–2.13; P = 0.035) were associ-
ated with increased risk and rs10903122 (OR 0.71, 95% CI 
0.53–0.96; P = 0.026) with decreased risk for familial celiac 
disease (Supplementary Table 2).

Discussion

Patients with familial and sporadic celiac disease were 
found to have mostly comparable characteristics at diagno-
sis, except that the former were more often screen-detected 
and had milder symptoms. The minor differences in diag-
nostic approach and symptoms are probably attributable to 
the active screening of at-risk groups recommended in our 

national guidelines [17]. While there are no earlier studies 
with similar design, there are reports of a high frequency 
of undiagnosed celiac disease among family members of 
patients [26–29]. Altogether, there seems to be a gradual 
shift in the typical presentation of celiac disease toward a 
milder form [30, 31]. Interestingly, despite the greater pro-
portion of asymptomatic/mildly symptomatic cases among 
the familial patients, the degree of histological damage was 
comparable between the groups. This concurs with reports 
showing a weak correlation between clinical presentation 
and severity of the mucosal lesions [28, 32–34], the ultimate 
reasons for which remain unclear.

The study groups were also found to have similar adher-
ence to gluten-free diet, which is somewhat surprising as 
maintaining the diet could be expected to be less challenging 
in subjects with a family history of celiac disease. The excel-
lent adherence in both groups is likely attributable to several 
factors, including the widespread availability and labeling of 
gluten-free products as well as the generally high awareness 
of the disease in Finnish food stores and restaurants, along 
with the former (now discontinued) governmentally granted 
financial reimbursement for officially diagnosed patients. 
Interestingly, despite equal dietary adherence, a greater pro-
portion of sporadic patients reported having current self-
perceived overall symptoms according to the interview. This 
experience is unlikely to be explained the minor difference 
in the duration of the gluten-free diet, since the symptoms 
generally diminish quite rapidly on treatment [35–37]. It 
must be mentioned that in spite of the equal self-reported 
dietary adherence, there was higher proportion of EmA posi-
tivity in the familial group on gluten-free diet. This may 
reflect their higher frequency of seropositivity already at 
diagnosis, since normalization of the autoantibodies may 
take longer than 2 years [38]. However, the possibility of 

Table 2  Follow-up 
characteristics in 1064 celiac 
patients with familial or 
sporadic celiac disease

Bold values indicate statistically significant difference with P value < 0.05
tTGab tissue transglutaminase antibodies
a Any type of recurrent gastrointestinal and extraintestinal symptoms
b Only samples taken ≥ 2 years after diagnosis were counted

Familial, n = 761 Sporadic, n = 303 P

N % N %

Self-reported adherence to gluten-free diet 0.202
 Strict 704 96.6 291 97.7
 Occasional or frequent lapses 29 3.4 7 2.3

Capable to manage the diet 673 94.4 274 93.8 0.732
Use of purified oats 611 83.2 253 85.5 0.378
Current  symptomsa 152 21.1 85 29.5 0.004
Follow-up  serologyb

 Positive endomysium antibodies 108 15.2 18 6.6 < 0.001
 Positive tTGab 182 24.0 57 18.9 0.077

Regular follow-up 189 29.4 96 36.0 0.052
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familiar cases actually having poorer dietary adherence can-
not be fully excluded.

The sporadic patients had more often neurological and 
dermatological disorders, which could possibly explain the 
higher frequency of experienced symptoms as these com-
plaints could be mistakenly attributed to celiac disease. 
Absence of peer support from family members with the 
disease might further hamper this assessment of causality 

and exacerbate the experience of symptoms [39, 40]. Alter-
natively, severe symptoms, more common among sporadic 
cases at diagnosis, may also predispose to persistent symp-
toms on a strict gluten-free diet [41], which could offer 
another explanation for the difference observed here. The 
experience of persistent symptoms, concomitant disorders, 
and lack of peer support may also explain the poorer quality 
of life as measured by PGWB and SF-36 scores in subjects 
with sporadic disease [40, 41]. These findings emphasize 
the importance of adequate guidance and support both at 
diagnosis and during the management of celiac disease.

There was also a significant difference in the HLA-DQ 
distribution between the groups. The high-risk genotype 
DQ2.5/DQ2.5 in particular was almost twice as frequent 
among familial cases, whereas the medium and low-risk 
genotypes [42] were, correspondingly, more common in 
sporadic disease. This is not surprising, since the predis-
posing risk alleles cluster within families with multiple 
affected members. In contrast to the findings of a recent 
meta-analysis [43], this was not reflected in a more severe 
and classic phenotype. However, the more active screen-
ing among familial cases complicates this issue, and further 
studies with larger numbers of cases are needed to confirm 
our findings. Besides the HLA genotypes, four SNPs were 
associated with familial celiac disease. Rs2762051 is located 
within the long non-coding RNA DLEU1, whereas the other 
three, rs3748816, rs2816316, and rs10903122, map to loci 
harboring genes MMEL1/TNFRSF14, RGS1, and RUNX3, 
respectively. These genes are all involved in immunologi-
cal functions, and thus, the possible role of these non-HLA 
gene loci in familial celiac disease could be of interest in 
future studies.

Table 3  Current symptoms and quality of life as measured by vali-
dated questionnaires in 627  adult* celiac patients with familial or spo-
radic celiac disease

Data were available in > 90% of cases in each category except  ind 
only from 376 familial cases
Bold values indicate statistically significant difference with P value 
< 0.05
Q1, lower (25th percentile) quartile; Q3, upper (75th percentile) quar-
tile
*Children were excluded since the questionnaires are validated for 
adults only
Higher scores indicate either more severe  symptomsa, better well-
beingb or better  functioningc

Familial, n = 420 Sporadic, n = 207 P

Median Q1, Q3 Median Q1, Q3

Gastrointestinal Symptom Rating  Scalea

 Total score 1.9 1.5, 2.5 1.9 1.5, 2.6 0.379
 Diarrhea 1.3 1.0, 2.3 1.7 1.0, 2.0 0.791
 Indigestion 2.3 1.8, 3.3 2.3 1.8, 3.3 0.348
 Constipation 1.7 1.0, 2.7 1.7 1.3, 2.7 0.282
 Pain 2.0 1.3, 2.3 1.7 1.3, 2.5 0.875
 Reflux 1.5 1.0, 2.0 1.5 1.0, 2.0 0.906

Psychological General Well-Beingb

 Total score 107 95, 116 105 93, 115 0.171
 Anxiety 25 21, 27 24 22, 27 0.688
 Depression 17 15, 18 17 15, 18 0.283
 Well-being 18 15, 20 17 15, 19 0.235
 Self-control 16 14, 17 16 14, 17 0.707
 General health 14 11, 15 13 10, 15 0.028
 Vitality 18 16, 20 18 16, 20 0.410

Short Form  36c,d

 Total score 81 67, 89 78 63, 86 0.011
 Physical functioning 95 80, 100 90 80, 98 0.126
 Physical role func-

tioning
100 50, 100 75 25, 100 0.027

 Emotional role func-
tioning

100 67, 100 100 67, 100 0.708

 Vitality, energy 73 55, 85 70 50, 80 0.015
 Mental health 84 72, 92 80 71, 88 0.040
 Social role function-

ing
88 75, 100 88 75, 100 0.209

 Bodily pain 78 58, 90 68 55, 90 0.216
 General health per-

ceptions
65 50, 80 60 40, 75 0.084

Table 4  Celiac disease-related human leukocyte antigen (HLA) geno-
types in 552 patients with familial or sporadic celiac disease

Bold value indicates statistically significant difference with P value 
< 0.05
a Calculated between all haplotypes by Pearson Chi-square test
b DQX defines haplotype other than listed here

Familial, 
n = 330

Sporadic, 
n = 222

Pa

N % N %

HLA haplotype 0.001
 DQ2.5/DQ2.5 69 20.9 26 11.7
 DQ2.5/DQ2.2 15 4.5 14 6.3
 DQ2.5/DQ8 27 8.2 19 8.6
 DQ2.5/DQXb 182 55.2 114 51.4
 DQ2.2/DQ2.2 or  DQXb 7 2.1 17 7.7
 DQ8/DQ2.2 or  DQXb 19 5.8 12 5.4
 DQ8/DQ8 3 0.9 6 2.7
 DQXb/DQXb 8 2.4 14 6.3
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The main strength of the present study is the carefully 
phenotyped cohort of patients with and without family his-
tory of celiac disease. Furthermore, a potential bias caused 
by undiagnosed disease among the relatives was reduced 
by serological screening of previously undiagnosed partici-
pants. One may criticize the fact that no biopsy was required 
for the diagnosis of these individuals, but this is no longer 
required in the Finnish diagnostic guidelines, and, in our 
opinion, it would be more biased to classify subjects with 
positive tTG and EmA as non-celiacs [5, 17]. As a limita-
tion, it was not possible to recruit all the family members or 
to access comprehensive information on the family histories 
of all index patients, which may have impaired the detec-
tion of familial cases in the cohort. Moreover, the degree of 
familial relation to the index patient varied to some extent, 
since a minority of the familial cases had more distant than 
first- or second-degree relative(s) affected. Nor can it be 
fully excluded that even though not specifically reported 
here, the experienced symptoms and quality of life may 
in fact be attributable to confounding factors such as spo-
radic autoimmunity in close family members. In addition, 
although the study is clinically large, the groups were still 
small for purposes of genetic association analyses, and the 
systematic questionnaires used were validated only in adults.

To conclude, despite the greater proportion of high-risk 
genotypes among the subjects in the familial cohort, their 
clinical presentation was milder and other features compara-
ble with those subjects with sporadic disease. The increased 
frequency of self-perceived symptoms and poorer health 
and quality of life scores in the questionnaires in sporadic 
cases underlines the need for physicians to pay special atten-
tion and possibly provide intensified support to this patient 
group.

Funding This study was supported by the Academy of Finland, the 
Finnish Medical Foundation, the Sohlberg Foundation, the Paulo Foun-
dation, the Sigrid Juselius Foundation, the Foundation for Pediatric 
Research, and the Competitive State Research Financing of the Expert 
Area of Tampere University Hospital.

Compliance with Ethical Standards 

Conflict of interest The authors declare that they have no conflict of 
interest.

Ethical approval All procedures performed in this study were in 
accordance with the 1964 Helsinki Declaration and its later amend-
ments. The study design, patient recruitment, and collection of patient 
record data were approved by the Regional Ethics Committee of Pir-
kanmaa Hospital District.

Informed consent Informed consent was obtained from all individual 
participants included in the study. This article does not contain any 
studies with animals performed by any of the authors.

Open Access This article is licensed under a Creative Commons Attri-
bution-NonCommercial 4.0 International License, which permits any 
non-commercial use, sharing, adaptation, distribution and reproduction 
in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Com-
mons licence, and indicate if changes were made. The images or other 
third party material in this article are included in the article’s Creative 
Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons 
licence and your intended use is not permitted by statutory regula-
tion or exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder. To view a copy of this licence, visit 
http://creat iveco mmons .org/licen ses/by-nc/4.0/.

References

 1. Mäki M, Mustalahti K, Kokkonen J, et  al. Prevalence of 
celiac disease among children in Finland. N Engl J Med. 
2003;348:2517–2524.

 2. Myléus A, Ivarsson A, Webb C, et al. Celiac disease revealed in 
3% of Swedish 12-year-olds born during an epidemic. J Pediatr 
Gastroenterol Nutr. 2009;49:170–176.

 3. Singh P, Arora A, Strand TA, et al. Global prevalence of celiac 
disease: systematic review and meta-analysis. Clin Gastroenterol 
Hepatol. 2018;16:e2.

 4. Pittschieler K, Gentili L, Niederhofer H. Onset of coeliac 
disease: a prospective longitudinal study. Acta Paediatr. 
2007;92:1149–1152.

 5. Kurppa K, Salminiemi J, Ukkola A, et al. Utility of the new 
ESPGHAN criteria for the diagnosis of celiac disease in at: risk 
groups. J Pediatr Gastroenterol Nutr. 2012;54:387–391.

 6. Oliveira A, Trindade E, Tavares M, Lima R, Terra M, Dias JA. 
Celiac disease in first degree relatives of celiac children. Arq Gas-
troenterol. 2012;49:204–207.

 7. Singh P, Arora S, Lal S, Strand TA, Makharia GK. Risk of celiac 
disease in the first- and second-degree relatives of patients with 
celiac disease: a systematic review and meta-analysis. Am J Gas-
troenterol. 2015;110:1539–1548.

 8. Wessels MMS, de Rooij N, Roovers L, Verhage J, de Vries 
W, Mearin ML. Towards an individual screening strategy 
for first-degree relatives of celiac patients. Eur J Pediatr. 
2018;177:1585–1592.

 9. Bourgey M, Calcagno G, Tinto N, et al. HLA related genetic risk 
for coeliac disease. Gut. 2007;56:1054–1059.

 10. Kårhus LL, Thuesen BH, Skaaby T, Rumessen JJ, Linneberg 
A. The distribution of HLA DQ2 and DQ8 haplotypes and their 
association with health indicators in a general Danish population. 
United Eur Gastroenterol J. 2018;6:866–878.

 11. Liu E, Dong F, Barón AE, et al. High incidence of celiac disease 
in a long-term study of adolescents with susceptibility genotypes. 
Gastroenterology. 2017;152:e1.

 12. Dubois PCA, Trynka G, Franke L, et al. Multiple common vari-
ants for celiac disease influencing immune gene expression. Nat 
Genet. 2010;42:295–302.

 13. Trynka G, Hunt KA, Bockett NA, et al. Dense genotyping identi-
fies and localizes multiple common and rare variant association 
signals in celiac disease. Nat Genet. 2011;43:1193–1201.

 14. Gutierrez-Achury J, Zorro MM, Ricaño-Ponce I, et al. Functional 
implications of disease-specific variants in loci jointly associated 
with coeliac disease and rheumatoid arthritis. Hum Mol Genet. 
2016;25:180–190.



1988 Digestive Diseases and Sciences (2021) 66:1981–1988

1 3

 15. Lindfors K, Ciacci C, Kurppa K, et al. Coeliac disease. Nat Rev 
Dis Prim. 2019;5:3.

 16. Hervonen K, Karell K, Holopainen P, Collin P, Partanen J, Reu-
nala T. Concordance of dermatitis herpetiformis and celiac disease 
in monozygous twins. J Invest Dermatol. 2000;115:990–993.

 17. Celiac Disease. Current care guidelines, 2018. Working group 
set up by the Finnish Medical Society Duodecim and the Finnish 
Society of Gastroenterology. https ://www.kaypa hoito .fi. Accessed 
February 28, 2020.

 18. Kivelä L, Kaukinen K, Lähdeaho ML, et al. Presentation of celiac 
disease in Finnish children is no longer changing: a 50-year per-
spective. J Pediatr. 2015;167:e1.

 19. Svedlund J, Sjödin I, Dotevall G. GSRS: a clinical rating scale for 
gastrointestinal symptoms in patients with irritable bowel syn-
drome and peptic ulcer disease. Dig Dis Sci. 1988;33:129–134. 
https ://doi.org/10.1007/252FB F0153 5722.

 20. Dupuy HJ. The psychological general well-being (PGWB) index. 
In: Wenger NK, Mattson ME, Furburg CD EJ, eds. Assessment of 
quality of life in clinical trials of cardiovascular therapies. New 
York: Le Jacq Publishing; 1984.

 21. Dimenäs E, Carlsson G, Glise H, Israelsson B, Wiklund I. Rel-
evance of norm values as part of the documentation of quality of 
life instruments for use in upper gastrointestinal disease. Scand J 
Gastroenterol Suppl. 1996;221:8–13.

 22. McHorney CA, Ware JE, Rachel Lu JF, Sherbourne CD. The 
MOS 36-item short-form health survey (SF–36): III. Tests of data 
quality, scaling assumptions, and reliability across diverse patient 
groups. Med Care.. 1994;32:40–66.

 23. Monsuur AJ, de Bakker PIW, Zhernakova A, et al. Effective detec-
tion of human leukocyte antigen risk alleles in celiac disease using 
tag single nucleotide polymorphisms. PLoS ONE. 2008;3:e2270.

 24. Koskinen L, Romanos J, Kaukinen K, et al. Cost-effective HLA 
typing with tagging SNPs predicts celiac disease risk haplotypes 
in the Finnish, Hungarian, and Italian populations. Immunogenet-
ics. 2009;61:247–256.

 25. Purcell S, Neale B, Todd-Brown K, et al. PLINK: a tool set for 
whole-genome association and population-based linkage analyses. 
Am J Hum Genet. 2007;81:559–575.

 26. Rubio-Tapia A, Van Dyke CT, Lahr BD, et al. Predictors of family 
risk for celiac disease: a population-based study. Clin Gastroen-
terol Hepatol. 2008;6:983–987.

 27. Agardh D, Lee HS, Kurppa K, et al. Clinical features of celiac 
disease: a prospective birth cohort. Pediatrics. 2015;135:627–634.

 28. Kivelä L, Kaukinen K, Huhtala H, Lähdeaho M-L, Mäki M, 
Kurppa K. At-risk screened children with celiac disease are com-
parable in disease severity and dietary adherence to those found 
because of clinical suspicion: a large cohort study. J Pediatr. 
2017;183:e2.

 29. Nellikkal SS, Hafed Y, Larson JJ, Murray JA, Absah I. High prev-
alence of celiac disease among screened first-degree relatives. 
Mayo Clin Proc. 2019;94:1807–1813.

 30. Brandimarte G, Tursi A, Giorgetti GM. Changing trends in 
clinical form of celiac disease. Which is now the main form of 
celiac disease in clinical practice? Minerva Gastroenterol Dietol. 
2002;48:121–130.

 31. Rampertab SD, Pooran N, Brar P, Singh P, Green PHR. Trends 
in the presentation of celiac disease. Am J Med. 2006;119:355.
e9–355.e14.

 32. Brar P, Kwon GY, Egbuna II, et al. Lack of correlation of degree 
of villous atrophy with severity of clinical presentation of coeliac 
disease. Dig Liver Dis. 2007;39:26–29.

 33. Thomas HJ, Ahmad T, Rajaguru C, Barnardo M, Warren BF, 
Jewell DP. Contribution of histological, serological, and genetic 
factors to the clinical heterogeneity of adult-onset coeliac disease. 
Scand J Gastroenterol. 2009;44:1076–1083.

 34. Taavela J, Koskinen O, Huhtala H, et al. Validation of morphomet-
ric analyses of small-intestinal biopsy readouts in celiac disease. 
PLoS ONE.. 2013;8:e76163.

 35. Murray JA, Watson T, Clearman B, Mitros F. Effect of a gluten-
free diet on gastrointestinal symptoms in celiac disease. Am J Clin 
Nutr. 2004;79:669–673.

 36. Zarkadas M, Cranney A, Case S, et al. The impact of a gluten-free 
diet on adults with coeliac disease: results of a national survey. J 
Hum Nutr Diet. 2006;19:41–49.

 37. Pekki H, Kurppa K, Mäki M, et al. Predictors and significance of 
incomplete mucosal recovery in celiac disease after 1 year on a 
gluten-free diet. Am J Gastroenterol. 2015;110:1078–1085.

 38. Gidrewicz D, Trevenen CL, Lyon M, Butzner JD. Normalization 
time of celiac serology in children on a gluten-free diet. J Pediatr 
Gastroenterol Nutr. 2017;64:362–367.

 39. Plevinsky JM, Greenley RN, Fishman LN. Self-management 
in patients with inflammatory bowel disease: strategies, out-
comes, and integration into clinical care. Clin Exp Gastroenterol. 
2016;9:259–267.

 40. Halpert A. Irritable bowel syndrome: patient-provider interaction 
and patient education. J Clin Med. 2018;7:3.

 41. Paarlahti P, Kurppa K, Ukkola A, et al. Predictors of persistent 
symptoms and reduced quality of life in treated coeliac disease 
patients: a large cross-sectional study. BMC Gastroenterol. 
2013;13:75.

 42. Romanos J, van Diemen CC, Nolte IM, et al. Analysis of HLA and 
non-HLA alleles can identify individuals at high risk for celiac 
disease. Gastroenterology. 2009;137:e3.

 43. Bajor J, Szakács Z, Farkas N, et al. Classical celiac disease is 
more frequent with a double dose of HLA-DQB102: a systematic 
review with meta-analysis. PLoS ONE. 2019;14:e0212329.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.



 

PUBLICATION 
II 

 

Influence of HLA-DQ2.5 Dose on Clinical Picture of Unrelated Celiac 
Disease Patients 

Laura Airaksinen, Pilvi Laurikka, Heini Huhtala, Kalle Kurppa, Teea Salmi, Päivi 
Saavalainen, Katri Kaukinen, Katri Lindfors 

Nutrients, 2020, 12(12), 3775 
https://doi.org/10.3390/nu12123775 

 

 

Publication reprinted with the permission of the copyright holders. 

 
  



 

 

 

 

 

 

 

 



nutrients

Article

Influence of HLA-DQ2.5 Dose on Clinical Picture of
Unrelated Celiac Disease Patients

Laura Airaksinen 1, Pilvi Laurikka 1, Heini Huhtala 2 , Kalle Kurppa 3,4 , Teea Salmi 1,5,
Päivi Saavalainen 6, Katri Kaukinen 1,7 and Katri Lindfors 1,*
1 Celiac Disease Research Center, Faculty of Medicine and Health Technology, Tampere University,

33520 Tampere, Finland; laura.airaksinen@tuni.fi (L.A.); pilvi.laurikka@tuni.fi (P.L.);
teea.salmi@tuni.fi (T.S.); katri.kaukinen@tuni.fi (K.K.)

2 Faculty of Social Sciences, Tampere University, 33520 Tampere, Finland; heini.huhtala@tuni.fi
3 Tampere Centre for Child Health Research, Tampere University Hospital and Tampere University,

33521 Tampere, Finland; kalle.kurppa@tuni.fi
4 Department of Pediatrics, Seinäjoki Central Hospital and University Consortium of Seinäjoki,

60220 Seinäjoki, Finland
5 Department of Dermatology, Tampere University Hospital, 33521 Tampere, Finland
6 Research Programs Unit, Immunobiology, and Haartman Institute, Department of Medical Genetics,

University of Helsinki, 00014 Helsinki, Finland; paivi.saavalainen@helsinki.fi
7 Department of Internal Medicine, Tampere University Hospital, 33521 Tampere, Finland
* Correspondence: katri.lindfors@tuni.fi

Received: 13 November 2020; Accepted: 7 December 2020; Published: 9 December 2020
����������
�������

Abstract: The clinical phenotype of celiac disease varies considerably among patients and the dosage
of HLA-DQ2.5 alleles has been suggested to be a contributing factor. We investigated whether
HLA-DQ2.5 allele dosage is associated with distinct clinical parameters at the time of diagnosis and
with patients’ response to a gluten-free diet. The final cohort included 605 carefully phenotyped
non-related Finnish celiac disease patients grouped as having 0, 1 or 2 copies of HLA-DQ2.5. Clinical
data at the time of diagnosis and during gluten-free diet were collected systematically from medical
records and supplementary interviews. An increasing HLA-DQ2.5 dose effect was detected for
celiac disease antibody positivity at diagnosis (p = 0.021) and for the presence of any first-degree
relatives with celiac disease (p = 0.011 and p = 0.031, respectively). Instead, DQ2.5-negative patients
were suffering most often from classical symptoms at diagnosis (p = 0.007 between HLA groups).
In addition, during follow-up they were most often symptomatic despite a gluten-free diet (p = 0.002
between groups). Our results thus suggest that increasing HLA-DQ2.5 dose only has a minor effect
on the clinical picture of celiac disease. However, HLA-DQ2.5-negative patients should not be
overlooked in clinical practice and particular attention should be paid to this patient group during
gluten-free diet.

Keywords: celiac disease; HLA-DQ2.5; dose effect; clinical presentation; gluten-free diet

1. Introduction

Celiac disease is a chronic immune mediated condition driven by the ingestion of dietary gluten.
It is characterized by small bowel mucosal damage and autoantibody response to transglutaminase
2 (TG2). The disease can be diagnosed at any age from childhood to older age and there is often a
marked diagnostic delay [1,2]. Moreover, there is a substantial variation in the clinical picture of the
disease, which may present with gastrointestinal and/or extraintestinal symptoms of varying severity
or be completely asymptomatic [3]. Further variation to the disease phenotype is brought by several
associated conditions [4]. The only efficient treatment for celiac disease is a strict gluten-free diet
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(GFD), which usually results in alleviation of symptoms and normalization of small bowel mucosal
morphology. Nevertheless, in a subset of patients, the symptoms and mucosal damage may persist
despite a GFD [5,6]. If malabsorption and villous atrophy persist despite strict avoidance of gluten for
a minimum of 12 months on GFD and after alternative causes have been excluded, the condition is
termed refractory celiac disease (RCD) [7].

Family members of celiac disease patients are at an increased risk of being affected, likely due to
their higher frequency of HLA-DQ2.5 or HLA-DQ8, the major determinants contributing to disease
susceptibility [8]. HLA-DQ2.5 and DQ8 are heterodimeric molecules present on the surface of antigen
presenting cells. In celiac disease, they bind and present deamidated gluten peptides to CD4-positive
T cells, leading to the generation of an immune response [9,10]. HLA-DQ2.5 is far more common
than HLA-DQ8 as it is present in more than 90% of patients [11]. The HLA-DQ2.5 heterodimer can
be encoded by HLA-DQA1*0501 and HLA-DQB1*0201 alleles located on the same chromosome (cis)
or by DQA1*0505 and DQB1*0202 on different chromosomes (trans). Homozygosity for HLA-DQ2.5
is associated with a particularly high risk for celiac disease [12–14]. This phenomenon has been
attributed to the premise that gluten presented by antigen presenting cells in HLA-DQ2.5 homozygous
individuals can induce a four-fold higher T cell response than in heterozygous individuals [15].
In addition to the disease risk, the dose of HLA-DQ2.5 has been suggested to affect the phenotype
of celiac disease [16]. Earlier research on this issue has nevertheless reported conflicting findings,
possibly due to rather small patient cohorts comprising a substantial portion of pediatric patients [16].
Nowadays, the majority of celiac disease diagnoses are made on adults and their clinical picture may
be contributed to a larger extent to factors other than the HLA-type. Moreover, earlier research has not
excluded patients originating from the same family, thereby increasing the possibility of bias caused by
similar genetic background.

We investigated the HLA-DQ2.5 dose effect on various clinical parameters at the time of diagnosis
and on patients’ response to GFD by exploiting a large and carefully phenotyped cohort of unrelated
pediatric and adult celiac disease patients.

2. Materials and Methods

2.1. Patients and Study Design

The study was conducted at Tampere University and Tampere University Hospital. Altogether,
1048 biopsy-proven celiac disease patients were recruited by a nationwide search with the help of
national and local celiac societies and by media announcements. The patient information at diagnosis
(demographics, clinical and histological data, celiac disease serology, presence of symptoms during
childhood, and other concomitant chronic medical conditions as well as family history of celiac
disease) was collected from medical records and from supplementary interviews by a physician
or a study nurse. In the case of children, the guardian was interviewed. Patients were divided
into four different age groups: 0–6 years, 7–20 years, 21–65 years, and >65 years. Diagnostic delay
was categorized as 0 (screen-detected patients), <1, 1–5, 5–10 or >10 years. Abdominal symptoms
included abdominal pain, diarrhea, loose stools, heartburn, flatulence, constipation, and/or bloating.
Malabsorption was defined as weight loss and/or presence of characteristic laboratory abnormalities,
such as anemia, hypoalbuminemia, low folate or low vitamin B12. Classical symptoms referred
to the presence of both diarrhea and malabsorption [17]. Extraintestinal symptoms included any
symptom(s) presenting outside of the gastrointestinal tract, such as dermatitis herpetiformis, infertility,
joint pains, and neurological problems. Severity of symptoms was categorized into “no symptoms”,
“mild symptoms”, “moderate symptoms” or “severe symptoms”. “First-degree relative” referred
to sibling, mother, father or offspring. “Relative” referred to any relative in a family. In addition,
follow-up data on self-reported current symptoms, both gastrointestinal and extraintestinal, as well as
adherence to GFD, were assessed by interviews. Adherence to GFD was described as either “strict
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GFD”, “dietary lapses” or “no GFD”. In addition, histological and serological data at follow-up were
assessed as described below.

In order to avoid false positive findings due to trait correlation between genetically related
individuals, only one patient from each family was included (randomly). The final study cohort
included 605 celiac disease patients.

The study design, patient recruitment, and collection of patient record data were approved
by the Regional Ethics Committee of Tampere University Hospital. All participants gave written
informed consent.

2.2. Histology

The results of histological analysis of the small-bowel mucosal biopsies at the time of diagnosis
were collected from the pathology reports. In addition, if available, the degree of mucosal recovery on
GFD evaluated from possible repeat biopsy was recorded. In both cases, severity of small intestinal
mucosal damage was evaluated from several representative and well-orientated biopsy specimens
and the degree of diagnostic villous atrophy was classified as partial, subtotal, or total, corresponding
approximately to the IIIa, IIIb, and IIIc Marsh–Oberhuber classifications, respectively [18].

2.3. Serology

The results of celiac disease serology at the time of diagnosis were collected from the medical
records. A patient was regarded as positive for celiac disease-specific antibodies if he or she was
positive for TG2 autoantibodies [19] and/or endomysial autoantibodies (EmA) [20] and/or antireticulin
autoantibodies (ARAs, measured in 1980/90s and later replaced by EmA) [21]. ARA and EmA were
analyzed using indirect immunofluorescence with rat liver, kidney or stomach tissue (ARA) [21] or
human umbilical cord (EmA) [22] as an antigen. Titers 1: ≥5 were considered positive. From serum
samples collected at the time of the present study (follow-up data), TG2 antibodies and EmA were
determined. TG2 antibodies values were tested by enzyme-linked immunosorbent assay (QUANTA
Lite h-tTG IgA, INOVA Diagnostics, San Diego, CA, USA) with the cut-off for positivity being >30 U/L.

2.4. Genetic Analysis

The genotypes corresponding to disease-associated HLA variants, HLA-DQ2.5, HLA-DQ8, and
HLA-DQ2.2, were determined using commercial HLA typing kits (Olerup SSP low-resolution kit,
OlerupSSPAB, Saltsjöbaden, SwedenorDELFIA® CeliacDiseaseHybridizationAssayKit, PerkinElmer
Life and Analytical Sciences, Wallac Oy, Turku, Finland) or the TaqMan chemistry based genotyping of
theHLA tagging single-nucleotide polymorphisms (SNPs) as previously described [23,24]. In this study,
patients carrying alleles HLA-DQB1*0201 and HLA-DQA1*0501 in cis configuration were considered
positive for HLA-DQ2.5. The subjects were divided into three groups according to whether they had
zero, one or two copies of HLA-DQ2.5.

2.5. Statistics

Statistical analyses were performed with SPSS Statistics version 23 (IBM Corp, Armonk, NY,
USA). Variables were presented as percentages and tested by Chi-square test or Fisher’s Exact test,
as appropriate. p value < 0.05 was considered significant across all analyses. Statistical analyses
were performed for all patients together and for younger patients (<21 years, n = 124) and adults
(n = 476) separately.

3. Results

Altogether, 100 (16.5%) celiac disease patients were negative (X/X group), 401 (66.3%) were
heterozygous (DQ2.5/X group), and 104 (17.2%) were homozygous (DQ2.5/DQ2.5 group) for
HLA-DQ2.5 (Table 1).
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Table 1. Clinical, serological and histological characteristics of 605 celiac disease patients negative
(X/X), heterozygous (DQ2.5/X) or homozygous (DQ2.5/DQ2.5) for HLA-DQ2.5 at the time of diagnosis.

X/X DQ2.5/X DQ2.5/DQ2.5
pn = 100 n = 401 n = 104

% (n) % (n) % (n)

Females 78.0 (78) 73.3 (294) 76.0 (79) 0.589
Age group 0.996 *
0–6 years 7.1 (7) 6.8 (27) 7.7 (8)
7–20 years 13.1 (13) 13.6 (54) 14.4 (15)
21–65 years 75.8 (75) 76.1 (302) 73.1 (76)
>65 years 4.0 (4) 3.5 (14) 4.8 (5)
Symptoms in childhood 48.9 (43) 43.8 (161) 51.5 (51) 0.334
Diagnostic delay 0.908 *
0 1 4.3 (4) 4.9 (18) 3.0 (3)
<1 year 20.7 (19) 23.6 (86) 25.7 (26)
1–5 years 37.0 (34) 31.5 (115) 32.7 (33)
5–10 years 7.6 (7) 10.4 (38) 6.9 (7)
>10 years 30.4 (28) 29.6 (108) 31.7 (32)
Classical symptoms 2 30.0 (30) 16.7 (67) 21.2 (22) 0.007
Abdominal symptoms 3 86.9 (86) 81.3 (322) 81.7 (85) 0.426
Diarrhea 44.7 (42) 37.1 (144) 41.7 (43) 0.337
Anemia 30.3 (30) 28.5 (113) 37.5 (39) 0.209
Extraintestinal manifestations 4 44.4 (44) 49.5 (196) 47.1 (49) 0.646
Dermatitis herpetiformis 11.0 (10) 17.1 (63) 19.2 (19) 0.270
Severity of symptoms 5 0.484 *
No symptoms 5.0 (4) 5.9 (17) 4.0 (3)
Mild 23.8 (19) 25.9 (74) 33.3 (25)
Moderate 15.0 (12) 12.2 (35) 5.3 (4)
Severe 56.3 (45) 55.9 (160) 57.3 (43)
Celiac disease antibody positivity 6,7 77.8 (49) 86.8 (217) 94.9 (56) 0.021
Severity of mucosal damage 8 0.546 *
Normal morphology 2.4 (2) 3.0 (10) 2.4 (2)
Partial villous atrophy 27.7 (23) 33.8 (111) 25.3 (21)
Subtotal/total villous atrophy 69.9 (58) 63.1 (207) 72.3 (60)

Values in bold face indicate statistically significant difference with p value < 0.05. * Calculated across all variables.
Data were available for >90% of patients except for designated parameters where number of cases in different
HLA-DQ2.5 dose groups was 5 80, 286, 75; 7 63, 250, 59 and 8 83, 328, 83, respectively. 1 Screen-detected
patients. 2 Presence of diarrhea and malabsorption. 3 Abdominal pain, diarrhea, loose stools, heartburn, flatulence,
constipation, and/or bloating. 4 Any symptom(s) presenting outside of the gastrointestinal tract, such as dermatitis
herpetiformis, infertility, joint pains and neurological problems. 6 Positivity for serum TG2 autoantibodies and/or
endomysial autoantibodies and/or antireticulin autoantibodies.

At the time of diagnosis, there was no significant difference in age distribution between the
HLA-DQ2.5 dose groups. The proportion of patients suffering from classical symptoms was lowest
among heterozygotes and highest among DQ2.5-negative patients (Table 1). No significant differences
between the groups were observed in presence of symptoms in childhood, diagnostic delay or the type
(abdominal, diarrhea, anemia, extraintestinal) or severity of symptoms (Table 1). The percentage of
patients positive for celiac disease-specific autoantibodies was smallest in the HLA-DQ2.5-negative
group and greatest in HLA-DQ2.5-homozygous group. The groups were comparable in terms of
severity of mucosal damage (Table 1). DQ2.5 homozygotes most often had any relative or a first-degree
relative with celiac disease, whereas DQ2.5-negative patients had such relatives the least often
(Figure 1A,B).



Nutrients 2020, 12, 3775 5 of 9

A B

Figure 1. The percentages of patients among different HLA-DQ2.5 dose groups having (A) any relatives
with CeD and (B) having first-degree relatives (FDR) with CeD. Patients are divided into different
HLA-DQ2.5 dose groups based on whether they are either negative (X/X), heterozygous (DQ2.5/X) or
homozygous (DQ2.5/DQ2.5) for HLA-DQ2.5.

At follow-up (median follow-up time 13 years, range <1–47 years), the DQ2.5-heterozygous
patients maintained a strict GFD most often and homozygous patients least often (Table 2).
The proportion of patients suffering from self-reported current symptoms was greatest among
DQ2.5-negative and smallest among DQ2.5-heterozygous patients. Groups did not differ significantly
in terms of antibody positivity, mucosal recovery, concomitant autoimmune diseases or malignancy at
the time of the follow-up (Table 2).

Table 2. Clinical, serological and histological characteristics of 605 celiac disease patients negative (X/X),
heterozygous (DQ2.5/X) or homozygous (DQ2.5/DQ2.5) for HLA-DQ2.5 at the time of the follow-up.

X/X DQ2.5/X DQ2.5/DQ2.5
n = 100 n = 401 n = 104

% (n) % (n) % (n) p

Adherence to GFD 1 0.025 *
Strict GFD 1 93.8 (91) 97.4 (376) 91.1 (92)
Dietary lapses 5.2 (5) 2.3 (9) 7.9 (8)
No GFD 1 1.0 (1) 0.3 (1) 1.0 (1)
Self-reported current symptoms 2,3 44.8 (26) 22.9 (59) 32.3 (20) 0.002
Celiac disease antibody positivity 4,5 28.6 (4) 23.8 (10) 9.1 (1) 0.535
Severity of mucosal damage 6 0.108 *
Normal morphology 72.9 (35) 55.6 (104) 46.9 (23)
Partial villous atrophy 25.0 (12) 38.0 (71) 44.9 (22)
Subtotal/total villous atrophy 2.1 (1) 6.4 (12) 8.2 (4)
Other illnesses
Any autoimmune disease 7 29.8 (28) 23.6 (91) 18.0 (18) 0.155
Type 1 diabetes 3.2 (3) 3.4 (13) 1.0 (1) 0.504
Thyroidal disease 17.9 (17) 14.0 (54) 9.7 (10) 0.248
Malignancy 3.2 (3) 3.9 (15) 5.8 (6) 0.581

Values in bold face indicate statistically significant difference with p value < 0.05. * Calculated across all variables.
Data were available for >90% of patients except for designated parameters where numbers of cases in different
HLA-DQ2.5 dose groups were 3 58, 258, 62; 5 14, 42, 11 and 6 48, 187, 49, respectively. 1 GFD = gluten-free diet.
2 Any type of recurrent gastrointestinal and extraintestinal symptoms. 4 Positivity for serum TG2 and/or endomysial
and/or antireticulin autoantibodies. 7 Any autoimmune disease including type 1 diabetes (DM1), thyroidal diseases,
IgA nephropathy, Sjögren’s syndrome, rheumatoid arthritis, sarcoidosis, psoriasis, vitiligo, and lichen planus.

The results of a subanalysis with adult patients only were parallel to those of the whole cohort.
Significant differences between distinct HLA-DQ2.5 dose groups were observed in the presence
of classical symptoms and celiac disease-specific antibody positivity at diagnosis (p = 0.006 and
p = 0.043, respectively). Moreover, HLA-DQ2.5 homozygous adults also had more often either any
relative or a first-degree relative with celiac disease than did heterozygous or HLA-DQ2.5-negative
patients (p = 0.001 for any relative and p = 0.003 for first-degree relative). For adults at follow-up,
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significant differences between dose groupswere observed in adherence to the GFD and in self-reported
current symptoms (p = 0.016 and p = 0.002, respectively). When children were analyzed separately,
no significant differences were found in any of the parameters studied (data not shown).

4. Discussion

It has previously been reported that HLA-DQ2.5 dose is associated with increased risk of celiac
disease [14], stronger disease-specific T cell response in vitro [15], and the presence of classical
symptoms, particularly in children [16,25]. Here, we observed a dose effect for celiac autoantibody
positivity at diagnosis as well as for the presence of any and first-degree relatives with the disease.
However, we observed no increase in the presence of classical symptomswith an increasingHLA-DQ2.5
dose; instead, the HLA-DQ2.5-negative group presented most often with this phenotype. In addition,
we found no association between HLA-DQ2.5 dose and abdominal symptoms, diarrhea, anemia,
extraintestinal manifestations, severity of symptoms or mucosal morphology.

Our finding of an HLA-DQ2.5 dose effect with antibody positivity is rational since the
gluten-specific T cells that proliferate and activate more robustly after stimulation in the context
of the homozygous HLA-DQ2.5 antigen presenting cells participate in the induction of an anti-TG2
antibody response [26]. Moreover, such a dose effect in patients having a relative with celiac disease
likely reflects the presence of the predisposing HLA-DQ2.5 within these families. When comparing
our results with those of earlier studies, it is noteworthy that our cohort included mostly adult celiac
disease patients, whereas earlier studies were conducted predominantly on pediatric patients [16]. It is
possible that the factors affecting the disease phenotype differ between adults and children and also
include other determinants besides the HLA-DQ type. The identity of such phenotype-modulating
factors remains obscure but may, for instance, include non-HLA genetic variants and/or environmental
factors. This assumption is supported by our previous finding that sib pairs with discordant clinical
presentation had similar HLA haplotypesmore often than pairs with the concordant phenotype did [27].
Interestingly, we have also observed that the diversity and composition of intestinal microbiota varies
markedly between different celiac disease phenotypes, this being an interesting issue for further
study [28].

HLA-DQ2.5 homozygosity has previously been observed in over 40% of patients with RCD type
II (RCDII) in contrast to 20% in uncomplicated celiac disease [29]. RCDII is a severe condition with
a poor prognosis [7]. Due to this and the fact that RCDII is very rare in Finland [30], our cohort did
not include such cases and we were unable to address the HLA-DQ2.5 dose effect on this parameter.
In any case, we found that HLA-DQ2.5 dose is not associated with poorer recovery of the intestinal
damage. The investigation of HLA-DQ2.5 dose in RCDII would require a multi-center approach to
achieve a sufficient number of patients for statistical power.

We found patients negative for HLA-DQ2.5 to suffer most often from classical symptoms at
celiac disease diagnosis. Moreover, they most often experienced symptoms during GFD although
their adherence to GFD was excellent. In addition, at follow-up, they did not differ from the other
HLA-DQ2.5 groups in terms of celiac disease antibody positivity or small bowel mucosal morphology.
A long diagnostic delay has been reported to predispose to persistent symptoms [31], but here patients
negative for HLA-DQ2.5 received their diagnoses within the same time limits as the other HLA groups.
Alternative explanations for persistent symptoms while on GFD could be altered composition of
the small bowel mucosal microbiome [32], small-intestinal bacterial overgrowth [33] or continuous
low-grade inflammation in spite of a strict GFD [34]. In any case, our results stress the need to pay
special attention to HLA-DQ2.5-negative patients in clinics in order to prevent long-lasting health
problems in this patient subset.

4.1. Strengths and Weaknesses

Themain strength of our studywas a large andwell-defined cohort of unrelated adult and pediatric
celiac disease patients enabling us to address the effect of HLA-DQ2.5 dose reliably. However, the study
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was retrospective, which, given its nature may appear as a limitation. In addition, our study considered
HLA-DQ2.5 alleles only in the cis configuration. Therefore, HLA-DQ2.5/HLA-DQ2.2 genotype was
categorized as HLA-DQ2.5-heterozygous in spite of evidence to suggest that this genotype carries an
equal risk for celiac disease as HLA-DQ2.5 homozygosity [35]. Moreover, the HLA-DQ2.5-negative
group was heterogenous, comprising both the HLA-DQ8-positive cases as well as those without any of
the major HLA types predisposing to celiac disease. Further, the small number of pediatric patients
inhibited any reliable investigation of the effect of HLA-DQ2.5 dose in this particular subgroup.

4.2. Conclusions

In our cohort with a preponderance of adults, we demonstrated that the effect of HLA-DQ2.5
dose on the clinical picture of celiac disease was only modest. Patients negative for HLA-DQ2.5 were
characterized by the most marked seronegativity, by the presence of classic symptoms at diagnosis,
and also by symptoms persisting in spite of GFD.
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A B S T R A C T   

Purpose and objectives: Given their role in homing immune cells to the intestine, CC motif chemokine receptor 9 
(CCR9) and its specific ligand CC motif chemokine ligand 25 (CCL25) are interesting candidate genes for celiac 
disease. These genes are located in regions previously shown to be associated with or linked to celiac disease, but 
no investigations on their association with various celiac disease phenotypes have so far been conducted. Here 
we studied such associations of both genotyped and imputed single nucleotide polymorphisms (SNPs) with either 
regulatory function or exonic location of the CCR9 and CCL25 loci. 
Results: Exploiting a carefully phenotyped cohort of 625 celiac disease patients and 1817 non-celiac controls, we 
identified that multiple SNPs with predicted regulatory function (RegulomeDB score ≤3a and/or eQTL effect) 
located between 100 kB upstream and downstream of CCR9 and CCL25 are associated with celiac disease and/or 
selected phenotypes. Of the genotyped SNPs in the CCR9 loci, rs213360 with an eQTL effect on CCR9 expression 
in blood was associated with celiac disease and all investigated phenotypes except high HLA risk. Rs1545985 
with an eQTL on CCR9 expression and rs7652331 and rs12493471, both with RegulomeDB score ≤3a, were all 
associated with gastrointestinal symptoms and malabsorption and the latter additionally with anemia. The 
genotyped CCL25 SNPs rs952444 and rs882951, with RegulomeDB scores 1d and 1f respectively and eQTL effect 
on CCL25 expression in small intestine, were associated with gastrointestinal symptoms and malabsorption. The 
CCL25 SNP rs2303165 identified in sequencing followed by imputation was associated with partial villous at-
rophy. However, the association did not pass the permutation based multiple testing correction (PEMP2 > 0.05). 
Conclusions: We conclude that SNPs in the region of CCR9 and CCL25 with predicted functional effect or exonic 
localization likely contribute only modestly to various celiac disease phenotypes.   

Abbreviations: CCR9, CC motif chemokine receptor 9; CCL25, CC motif chemokine ligand 25; SNP, single nucleotide polymorphism; HLA, human leukocyte 
antigen; TG2, transglutaminase 2; FUMA, Functional Mapping and Annotation of GWAS; GWAS, genome-wide association study; eQTL, expression quantitative trait 
loci; QC, quality control; MAF, minor allele frequency; HWE, Hardy-Weinberg equilibrium; OR, odds ratio; CI, confidence interval; PBMC, peripheral blood 
mononuclear cell. 
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1. Introduction 

Celiac disease is an immune-mediated chronic condition where oral 
tolerance to dietary gluten has been lost. The multifaceted disease can 
present with varying gastrointestinal and/or extraintestinal signs and 
symptoms. In addition, patients may be completely asymptomatic [1]. A 
prerequisite for the development of the disease is the presence of human 
leukocyte antigen (HLA) molecules HLA-DQ2 or -DQ8 and individuals 
homozygous for HLA-DQ2 encoding alleles are at a particularly high risk 
[2,3]. Celiac disease, with its autoimmune nature, is characterized by an 
IgA class autoantibody response against endogenous enzyme trans-
glutaminase 2 (TG2) measurable in serum. In patients with celiac dis-
ease, the ingestion of gluten leads to small-bowel mucosal villous 
atrophy and crypt hyperplasia of varying severity. Moreover, a profound 
mucosal inflammation, characterized by increased density of intra-
epithelial lymphocytes and infiltration of both T cells and plasma cells in 
the lamina propria is usually present [1]. The inflammatory cells arrive 
at the small bowel from secondary lymphoid tissue in a process 
involving the gut-homing chemokine CC motif chemokine ligand 25 
(CCL25) and its specific receptor CC motif chemokine receptor 9 (CCR9) 
[4]. 

In addition to being involved in homing immune cells to the intes-
tine, the main organ affected by celiac disease, the CCR9-CCL25 axis is 
implicated in celiac disease by several other studies. Firstly, CCR9- 
positive dendritic cells play an essential role in maintaining gut ho-
meostasis and tolerance by regulating the phenotype and function of 
both innate and adaptive immune cells [5]. Secondly, there is data to 
suggest that the number of CCR9-positive type 2 conventional dendritic 
cells is increased in circulation in untreated celiac disease [6] while the 
number of CCR9-expressing T cells is diminished in the small intestines 
of patients [7]. Thirdly, a clinical trial to test the efficacy of an oral CCR9 
inhibitor as an alternative form of treatment for celiac disease has been 
performed but not yet published [8]. Lastly, the genes coding for CCL25 
and CCR9 are located in chromosomal regions previously linked to or 
shown to be associated with celiac disease [9–11]. However, in earlier 
genetic association studies the coverage of single nucleotide poly-
morphism (SNPs) at CCR9 and CCL25 loci, particularly those in exonic 
regions, has been sparse. Moreover, to the best of our knowledge no 
studies focusing on genomic variants at these loci on different celiac 
disease phenotypes exist. 

For the above mentioned reasons, we considered CCR9 and CCL25 to 
be potential positional and functional candidate genes in celiac disease. 
Consequently, we identified SNPs in CCR9 and CCL25 genomic regions 
that likely have functional effects or are located in the exons and tested 
their association with celiac disease and selected disease phenotypes. 

2. Materials and methods 

2.1. Patients and controls 

The study was conducted at Tampere University and Tampere Uni-
versity Hospital. Altogether 1048 celiac disease patients with biopsy- 
proven small bowel mucosal damage were recruited with the assis-
tance of national and local celiac societies and by nationwide media 
announcements. The patient information at diagnosis was collected 
from medical records and from supplementary interviews by a physician 
or a study nurse with expertise in celiac disease. In the case of children, 
the guardian was interviewed. The structured interviews included 
questions on celiac disease diagnosis, symptoms at the time of diagnosis 
and in childhood, and associated medical conditions. Whole blood 
samples were drawn for genetic analysis. In order to avoid bias (inflation 
of type 1 error) caused by the inclusion of several subjects from the same 
family, the present study considered only one randomly selected celiac 
case with full genotype available per family, resulting in 625 cases. The 
median age of the patients was 41 (range 0.5–79) years. Patients’ de-
mographic data as well as their clinical characteristics in terms of 

selected celiac disease-associated phenotypes (gastrointestinal symp-
toms, malabsorption, anemia, severity of small bowel mucosal damage, 
HLA risk categories, and celiac disease antibodies) are presented in 
Table 1. DNA samples from 144 HLA-DQ2-positive biopsy-proven celiac 
disease patients and 144 non-celiac controls outside the genotyped ce-
liac disease patient cohort were subjected to sequencing. The study 
design, patient recruitment, and collection of patient record data were 
approved by the Regional Ethics Committee of Tampere University 
Hospital. All participants, or in the case of children their legal guardians, 
gave written informed consent. 

As non-celiac controls, altogether 1817 subjects with information on 
gender (1032 males, 785 females) and HLA-genotype (Low HLA risk, N 
= 939; Intermediate HLA risk, N = 855; High HLA risk, N = 23) from the 
population representative cohorts FINRISK and Health 2000 [12] were 
included in the study. Ethics committee approvals were available from 
the National Public Health Institute’s Ethics committee and the Ethics 
committee in Epidemiology and Public Health in the Hospital District of 
Helsinki and Uusimaa. 

2.2. Association analysis of the genotyped CCR9 and CCL25 SNPs 

Genotypes for all subjects had been produced by Illumina 610-Quad 
BeadChip array (Illumina Inc., San Diego, CA, USA) [9]. First, variants 
spanning between 100 kB upstream and downstream of CCR9 and 
CCL25 genes were identified resulting in 105 SNPs. Thereafter, FUMA 
(Functional Mapping and Annotation of GWAS) platform [13] was used 
to annotate SNPs fulfilling our functional annotation criteria. Publicly 
available genome-wide association study (GWAS) summary statistic 
results in which our cohort has been included [9] and a pre-defined list 
with the 105 SNPs of interest were uploaded. The RegulomeDB 2.0 was 
used to identify all the SNPs with known and predicted regulatory ele-
ments and to assign them a score ranging from 1a to 7 in RegulomeDB 
ranking [14]. SNPs with RegulomeDB score between 1a and 3a likely to 
affect the gene expression, were selected for our study. In addition, the 
expression quantitative trait loci (eQTL) mapping using public eQTL 
data was used to select SNPs having significant eQTL effects (FDR 
<0.05) on the expression of CCR9 gene in blood (GTEx whole blood 
[15], Blood eQTL [16], BIOS QTL [17], and eQTLGen) and on the 
expression of CCL25 gene in the intestine (GTEx data for small intestine 
terminal ileum, colon sigmoid and colon transverse [15]; and of the 
“CEDAR” study [18], terminal ileum). Altogether 41 SNPs with Reg-
ulomeDB ranking from 1a to 3a, and/or tissue-specific eQTL effects were 

Table 1 
Demographic data and selected celiac disease phenotypes of 625 celiac disease 
patients at diagnosis.   

N % 

Females 489 78 
Gastrointestinal symptomsa 526 84 
Malabsorptionb 267 43 

Anaemia 157 25 
Small bowel mucosal damagec 

Total or subtotal villous atrophy 361 66 
Partial villous atropthy 185 34 

HLA riskd 

High 98 16 
Intermediate/low 527 84 

Celiac disease autoantibodiese 

Positive 279 94 
Negative 19 6  

a Diarrhea, abdominal pain, flatulence, heartburn, nausea, vomiting. 
b Anemia, vitamin and micronutrient deficiencies. 
c Small bowel mucosal morphology data was available from 546 patients. 
d High risk (DQ2.5/DQ2.5; DQ2.5/DQ2.2), intermediate risk (DQ2.5/X, 

DQ2.2/D2.2, DQ2.2/X, DQ8/DQ8, DQ8/X), low risk (DQ7/X, DQ7/DQ7). 
e Autoantibody data (endomysial antibodies and/or tissue transglutaminase 

antibodies) was available from 298 patients. 
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identified. After applying quality control (QC) filtering for missing ge-
notype rate <5% and missing genotype rate differences between the 
cases and controls (<3%), and minor allele frequency (MAF >5%), 348 
cases and all the 1817 controls remained in the analysis, and 39 SNPs 
passed QC. All markers were in Hardy-Weinberg equilibrium (HWE) (P 
> 1 × 10�6) in the controls. Allelic associations of the 39 genotyped 
SNPs with celiac disease and the selected disease phenotypes were tested 
as described in Section 2.5. 

2.3. Sequencing exonic regions of CCR9 and CCL25 

DNA was extracted from whole blood samples or from leukocyte 
enriched buffy coats. Extractions were performed using FlexiGene DNA 
kit (Qiagen, Hilden, Germany). All coding exons and exon-intron 
boundaries of both CCR9 and CCL25 were amplified with PCR using 
primer pairs represented in Supplementary Table 1. The PCR reactions 
(20 μL) contained 10 mM Tris-HCl (pH 8.8 at 25 ◦C), 1.5 mM MgCl2, 50 
mM KCl, 0.1% Triton X-100 in 10X Optimized DyNAzyme Buffer 
(Thermo Fisher Scientific, Waltham, MA, USA), 0.5 mM dNTPs, 1.0 μM 
of each primer, 80 ng genomic DNA and 1.0 U DyNAzyme II DNA Po-
lymerase (Thermo Fisher Scientific). PCR conditions included initial 
denaturation at 95 ◦C for 5 min, 40 cycles of 95 ◦C for 30 s, 55–60 ◦C 
(depending on the PCR product) for 40 s and 72 ◦C for 1 min. The final 
extension was performed at 72 ◦C for 5 min. Successful PCR amplifica-
tion was confirmed by analyzing PCR products with agarose gel elec-
trophoresis and by UV–Vis spectrophotometry (NanoDrop, Thermo 
Fisher Scientific). Sequencing was performed by Macrogen Europe B.V. 
(Amsterdam, the Netherlands) exploiting ABI 3730 (Applied Bio-
systems, Thermo Fisher Scientific). The sequences were analyzed for 
SNPs using Sequencher 4.10.1 software (Gene Codes Corporation, Ann 
Arbor, MI, USA). Sequence data was analyzed further by calculating 
allele frequencies for found SNPs in the study material. 

2.4. Imputation of the identified exonic SNPs and their association 
analysis with celiac disease and its phenotypes 

As SNPs identified by sequencing were not available in the Illumina 
610-Quad BeadChip array, and thus not genotyped, those having MAF 
≥5% were selected to be phased and imputed using a Finnish 
population-specific panel of 3775 high-coverage (25–30 ×) whole- 
genome sequences (SISu v3). Sample-wise, variant-wise, and post- 
imputation QC was applied as previously described [19]. Phasing of 
genotyped data was performed with Eagle 2.3.5 (https://data.broadin 
stitute.org/alkesgroup/Eagle/) and imputation was carried out with 
Beagle 4.1 (version 08Jun17.d8b, https://faculty.washington.edu/brow 
ning/beagle/b4_1.html) as described in the following protocol: dx.doi. 
org/10.17504/protocols.io.nmndc5e. In the post-imputation QC, SNPs 
with good imputation quality metrics (INFO score ≥0.8) were included. 
The same QC filtering criteria applied in the association analysis of 
genotyped SNPs (section 2.2) were applied to the imputed genetic data. 
Out of the sequenced exonic variants, nine SNPs were found in the 
Finnish reference panel, resisted QC filtering, and were thus included in 
the association analyses. 

2.5. Statistical analyses 

Association analyses of genotyped SNPs were performed using PLINK 
v1.07 (https://zzz.bwh.harvard.edu/plink/). Results are presented as 
odds ratios (OR) with 95% confidence intervals (95% CI). In these an-
alyses, associations were adjusted for multiple testing and small sample 
size groups by using 104 permutation analysis. The generated empirical 
PEMP2 value ≤ 0.05 (uncorrected P value ≤ 0.001) was assumed to be 
statistically significant. In the imputation analysis, the genotypes’ 
probability dosages were handled by BCFtools (https://samtools.github. 
io/bcftools/) and the association analysis performed using PLINK 2.0 
(https://www.cog-genomics.org/plink/2.0/). The associations of the 

post-imputation genotype probabilities of the nine SNPs with celiac 
disease and selected celiac disease phenotypes were tested using the 
frequentist likelihood score method implemented in SNPTEST v2.5.2. 
Associations reaching our permutation threshold described above were 
considered to be statistically significant [19,20]. 

3. Results 

3.1. Association of genotyped functionally annotated CCR9 and CCL25 
SNPs with celiac disease and its distinct phenotypes 

Of the genotyped CCR9 SNPs, rs2133660 with an eQTL effect on the 
expression of CCR9 in whole blood and peripheral blood mononuclear 
cells (PBMCs) was associated with the presence of malabsorption (OR =
1.45, 95% CI = 1.14–1.83, P = 0.002) although this did not resist 
correction for multiple testing (PEMP2 = 0.064) (Fig. 1, Supplementary 
Table 2). The same SNP had nominal associations (PEMP2 > 0.05) with 
celiac disease (OR = 1.20, 95% CI = 1.02–1.42, P = 0.031), with the 
presence of gastrointestinal symptoms (OR = 1.29, 95% CI = 1.08–1.54, 
P = 0.005), anemia (OR = 1.35, 95% CI = 1.01–1.81, P = 0.041), partial 
villous atrophy (OR = 1.35, 95% CI = 1.01–1.79, P = 0.039), and with 
negative celiac disease autoantibodies (OR = 3.48, 95% CI = 1.38–8.74, 
P = 0.005) (Fig. 1). Further, rs12493471 and rs7652331 with Reg-
ulomeDB scores ≤ 3a and rs1545985 with an eQTL effect on CCR9 
expression were all associated with the presence of gastrointestinal 
symptoms and malabsorption and rs12493471 also with anemia. Four 
SNPs (rs12983784, rs952444, rs882951 and rs11667975) in the CCL25 
gene region were nominally associated (PEMP2 > 0.05) with more than 
one phenotype, and all had a RegulomeDB score ≤ 3a (Fig. 2). Of these, 
rs882951 and rs952444, with the lowest RegulomeDB scores (1d and 1f 
respectively), had significant eQTL effects on CCL25 expression in small 
intestine and were both associated with the presence of gastrointestinal 
symptoms and malabsorption (for both SNPs OR = 1.20, 95% CI =
1.01–1.43, P = 0.034 and OR = 1.32, 95% CI = 1.04–1.66, P = 0.021 
respectively). Rs12983784 was associated with celiac disease (OR =
1.20, 95% CI = 1.01–1.44, P = 0.041) and positive serum autoantibodies 
(OR = 1.43, 95% CI = 1.12–1.82, P = 0.004). Rs1129763 and 
rs11667975 were further associated with the presence of total/subtotal 
villous atrophy (OR = 0.65, 95% CI = 0.48–0.89, P = 0.006 and OR =
1.31, 95% CI = 1.03–1.68, P = 0.027, respectively), rs11667975 with 
high HLA risk (OR = 4.20, 95% CI = 1.21–14.53, P = 0.015), and 
positive serum autoantibodies (OR = 1.36, 95% CI = 1.04–1.79, P =
0.025). The detailed results are presented in Figs. 1 and 2 and Supple-
mentary Table 2. 

3.2. Association analysis using sequenced and imputed data 

By sequencing the exons of CCR9 and CCL25, we identified two 
variants in CCR9 and eight in CCL25 with MAF ≥5% (Supplementary 
Table 3). One of the variants found in CCR9 was previously unreported 
(referred to as CCR9ex3snp7 in Supplementary Table 3) and changed 
threonine to alanine at position 100. However, this variant could not be 
imputed and therefore association analyses were carried out with the 
remaining nine SNPs. None of the SNPs were associated with celiac 
disease, but of the CCL25 SNPs, the synonymous variant rs2303165 was 
nominally associated (PEMP2 > 0.05) with partial villous atrophy (OR =
0.39, 95% CI = 0.15–1.00, P = 0.038) (Fig. 2), but the SNP had no eQTL 
effect on CCL25 expression in the intestine. 

4. Discussion 

Our study identified several nominal associations for SNPs in the 
genomic regions of CCR9 and CCL25 genes with celiac disease or distinct 
disease phenotypes. As regards CCR9, associations were detected with 
several genotyped SNPs with potential or proven functional effect but 
not with any of the exonic imputed ones. None of associated CCR9 SNPs 
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had both RegulomeDB score less than 3a and an eQTL effect on CCR9 
expression. Of the SNPs with RegulomeDB score less than 3a, 
rs12493471, associated with gastrointestinal symptoms, malabsorption, 
and anemia in the present study has previously been associated with 
celiac disease [21]. SNPs with RegulomeDB scores ranging from 1a to 1f 
are by definition predicted to affect different DNA regulatory elements 
and have an eQTL effect based on the Encyclopedia of DNA Elements 
(ENCODE) project, Gene Expression Omnibus data, and published 

literature [14,22] and are thus functionally particularly interesting. 
Rs7652331 at the CCR9 locus associated with gastrointestinal symptoms 
and malabsorption falls into this category with RegulomeDB score 1f. 
However, as the SNP did not have an eQTL on CCR9 expression, it is 
likely that the effect of the SNP on the phenotype is due to other genes 
than CCR9. Of the SNPs with an eQTL on CCR9, rs2133660 mapping to 
intronic region of FYCO1 gene downstream of CCR9 was associated with 
malabsorption along with an association with celiac disease and several 

Fig. 1. Forest plot representing association of SNPs in the genomic region of the candidate gene CCR9 with celiac disease and its different phenotypes. eQTL; 
expression quantitative trait loci, OR; odds ratio, CI; confidence interval, PEMP2; empirical P value at 10,000 permutation threshold, PBMC; peripheral blood 
mononuclear cell, PVA; partial villous atrophy, CeD; celiac disease. 

Fig. 2. Forest plot of representing association of SNPs in the genomic region of the candidate gene CCL25 with celiac disease and its different phenotypes. SNPs 
identified in sequencing analysis and imputed are indicated by an asterisk. eQTL; expression quantitative trait loci, OR; odds ratio, CI; confidence interval, PEMP2; 
empirical P value at 10,000 permutation threshold, PBMC; peripheral blood mononuclear cell, TVA/SVA; total or subtotal villous atrophy, PVA; partial villous 
atrophy, CeD; celiac disease. 
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other phenotypes. However, as the RegulomeDB score of rs2133660 was 
over 3a, it is possible that the phenotypes associated with this variant 
rather reflect the effect of a proxy SNP causing increased CCR9 
expression in lymphocytes. Moreover, rs2133660 also had eQTL effects 
on other nearby genes, many of them belonging to different chemokine 
receptor families. Thus, the effect of the SNP on different phenotypes is 
hardly attributable solely to increased CCR9 expression. 

As regards the SNPs in the genomic region of CCL25, genotyped SNPs 
rs952444 and rs882951 both showed nominal associations with the 
presence of gastrointestinal symptoms and malabsorption. These vari-
ants had the highest likelihood (RegulomeDB score ≤ 1f) of being con-
nected to functional transcriptional effects in gene expression and they 
both had eQTL effects on the expression of CCL25 in the small intestine 
[15,18]. Although as far as we know no studies have addressed CCL25 
expression in the small intestine in different celiac disease phenotypes, 
the lack of evidence for altered CCL25 expression in celiac disease 
[23–25] would suggest that the SNPs exert their effects through other 
mechanisms than CCL25 expression. Sequencing CCL25 exons followed 
by imputation revealed that rs2303165 located in CCL25 gene region 
was associated with partial villous atrophy, without eQTL CCL25 effects 
in intestine. This exonic CCL25 SNPs could exert its effects on the phe-
notypes by yet to be determined mechanisms that do not directly involve 
CCL25. 

The associations identified in our study did not pass the 10,000 
permutation based multiple testing correction. Although there is a 
debate regarding the number of permutations required, 10,000 permu-
tations provide empirically adjusted P-values with strong evidence of 
association [26,27]. As the permutation threshold used in the present 
study is quite stringent and because of our small sample size, we had 
limited statistical power to detect strong associations. Thus, our findings 
need to be confirmed in further studies with larger cohorts of carefully 
phenotyped celiac disease patients. In any case, CCR9 and CCL25 vari-
ants likely make only a minor contribution to the generation of celiac 
disease phenotypes addressed in the present study. We have previously 
reported associations of SNPs outside the CCR9 and CCL25 genomic 
regions with the same phenotypes that were resistant to correction for 
multiple comparisons. One of these was the association of rs13010713 in 
integrin subunit alpha 4 gene (ITGA4) with the presence of gastroin-
testinal symptoms, total or subtotal villous atrophy, and intermediate 
HLA risk [19]. ITGA4 codes for the α4 subunit of heterodimeric integrin 
molecules involved in adhesion and the pairing of α4 subunit with β7 
subunit promotes homing of T cells to intestinal sites [28]. Interestingly, 
expression of CCR9 and α4β7 on T cells and their subsequent localization 
to the gut is required for induction of oral tolerance, at least in mice 
[29]. Thus, due to this solid firm connection between CCR9 and α4β7, 
variants found in the integrin locus may possess changes of functionality 
in the gut-homing pathway which are reflected in celiac disease 
phenotypes. 

Undoubtedly, a given celiac disease phenotype likely also has 
nongenetic determinants. These may include environmental factors such 
as microbes, infections or the amount of gluten consumed by a patient, 
all of which have been associated with the development of celiac disease 
[30,31]. Moreover, delay in the diagnosis of celiac disease may allow the 
disease to progress to a more severe form, thus affecting some of the 
phenotypes at the time of diagnosis. Data showing that at least diarrhea, 
abdominal pain, and malabsorption are associated with long diagnostic 
delay lends credence to this hypothesis [32]. 

The main strength of the present study is the carefully phenotyped 
cohort of celiac disease patients. In addition, the exploitation of the 
imputed data allowed us to study the exonic SNPs that were not present 
in the Illumina 610-Quad BeadChip array previously used to study celiac 
disease associations. As a limitation, the sequencing approach was 
performed using Sanger sequencing, which has its shortcomings in ac-
curacy compared to Next-Generation Sequencing (NGS) techniques with 
more comprehensive coverage and higher sensitivity to detect low- 
frequency variants. To overcome this, we used MAF ≥5% as our cut- 

off. However, this may have resulted in missing interesting variants, 
including rs12721497 in CCR9 with MAF = 0.01, according to the 1000 
Genomes Project, associated with acute and chronic stage graft versus 
host disease [33]. In addition, unfortunately eQTL data, blood or small 
bowel mucosal samples from celiac disease patients were not available 
which precluded us from addressing eQTL effects particularly in patients 
or studying the effects of the SNPs on immunological changes in celiac 
disease more generally. Moreover, the number of individuals in our 
study cohort was rather small, particularly for genotype-phenotype as-
sociation analyses. 

5. Conclusions 

We conclude that SNPS in the region of CCR9 and CCL25 having 
probable functional effect or being located in exons are weakly associ-
ated with various celiac disease phenotypes. Our results thus suggest 
that, regardless of the importance of CCR9 and CCL25 in maintaining gut 
homeostasis and tolerance, variation within these genomic regions 
likely makes a minor contribution to the phenotype of celiac disease. 
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Aguirre, Y.S. Park, A. Saha, A.V. Segrè, B.J. Strober, X. Wen, V. Wucher, K. 
G. Ardlie, A. Battle, C.D. Brown, N. Cox, S. Das, E.T. Dermitzakis, B.E. Engelhardt, 
D. Garrido-Martín, N.R. Gay, G.A. Getz, R. Guigó, R.E. Handsaker, P.J. Hoffman, H. 
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