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Abstract

Celiac Disease (CD) is a chronic enterophaty affecting the small intestine
and triggered by gluten proteins contained in wheat, barley and rye. It is
characterized by an autoimmune response in genetically susceptible
individuals, and only the 40% of the genetics is explained by HLA
predisposition. Recently, several susceptibility loci not HLA related have
been identified by genome-wide association studies (GWAs). Our aim is to
extract as many information as we can from the large amount of data
emerged from these studies.

Firstly, we tried to improve the analyses of candidate genes characterizing
their expression profile and comparing the results obtained on mucosal
biopsies, peripheral monocytes and T-cell lines isolated from duodenal
mucosa, in order to better understand the variation in the celiac type and
to correlate it with a model of CD pathogenesis. Furthermore we
investigated the non-HLA genetics of Potential CD patients and this
allowed us to speculate that these patients are a mixture of two
populations, with different non-HLA genetics. We also used the new
genetic findings to build a risk model for CD using HLA and non-HLA risk
alleles. In both these two last cases we aimed to significantly improve the
identification of subjects at risk to develop CD.

The critic analysis of the large panorama of CD candidate genes leads to
consider several mechanisms of action that may have gone unnoticed if we
persist in considering all the genes together. Whereas, analyzing a small
set of genes from different points of view it is possible to really understand
why this more than the other gene resulted to be associated with the
disease. GWAs made the history of complex diseases, but represent only
the starting point from which postulate hypothesis, mechanisms of action,
interactions, in order to untangle the skein represented by the complex
pathogenesis of celiac disease.



Introduction

(5, ]

Celiac Disease

Diagnosis

Genetic risk factors

HLA genes

Non-HLA genes

O NN o n

Function of selected candidate genes

15

Aim

Chapter 1. Non-HLA genes and Celiac Disease: Gene expression studies

Background and aim

Materials and methods

Patients

Monocytes

Gliadin preparation

Generation of gliadin-specific T-cell lines and functional assay

Expression studies

Statistical Analysis

Results

Expression studies

Mucosal tissue

Peripheral blood monocytes

T-cell lines isolated from duodenal biopsies.

Statistical Analyses

Discriminant Analysis in small intestinal tissue

Discriminant analysis in peripheral blood monocytes

Discussion

Chapter 2. Non-HLA genes and Celiac Disease: Potential CD patients

Backgroun and aim

Methods

Subjects

Genotyping

Statistical Analysis

Results

HLA typing

Eight candidate genes SNPs genotype and allele distribution

Five Candidate SNPs on the 4g genomic region

Discussion

Chapter 3. Non-HLA genes and Celiac Disease: A Family study

Background and aim

Methods

Family Samples

Non-HLA Single Nucleotide Polymorphisms (SNPs) typing

3

19
22
22

24
24
24
25
25
26
27

27
27
27
30
33
36
36
38

41
45
45

47
47
48
49

49
49
51
54

58
62
62

63
63
64



Analysis strategy and statistics

Results

SNPs evaluation and computation of the Bayesian Score
Validation of the BS and testing of a classification model

Discussion

Conclusion and perspective

References

Appendix | - Curriculum Vitae

Appendix Il — Publications

65

67
67
69

73
79
83
91
95



Introduction

Celiac Disease

Celiac Disease (CD) is a chronic, small-intestinal enteropathy, which is
triggered by gluten proteins contained in wheat, barley and rye. CD is
characterized by an autoimmune response in genetically susceptible
individuals resulting in small-intestinal mucosal injury. As a consequence,
malabsorption develops, which in turn results in malnutrition-related
problems including anemia, vitamin deficiencies, osteoporosis, and
neurological disorders. A gluten-free diet (GFD) is sufficient to treat the
overwhelming majority of patients with CD. The currently estimated
prevalence is 1%, with a statistical range of probability of 0.5-1.26% in the
general population in Europe and the USA (Dubé et al., 2005). Even taking
into account that the actual occurrence rate of CD has been
underestimated for many decades, the prevalence of this disease is

increasing.

The spectrum of clinical manifestations is wide, most of them are
secondary to malabsorption, as well as the natural history is variable. This
prompted the Associazione Italiana Celiachia (AIC) to classify the disease,

distinguishing four different clinical forms:

e Typical, early-onset (6-24 months) in a predominantly intestinal
symptoms;

e Atypical, late-onset (6-7 years) and mostly extra-intestinal
symptoms;

e Silent, which is CD without major digestive symptoms and so
occasionally diagnosed in patients in apparent good health;

e Potential, characterized by a positive serological markers, but

with normal histology.



Several environmental, genetic and socioeconomic factors contribute to

the development of CD.

Diagnosis

o Infant feeding: The role of infant feeding on the

development of CD has been intensely debated since the
late 1980s, which has resulted in a recommendation by
the European Society for Pediatrics Gastroenterology,
Hepatology and Nutrition (ESPGHAN) committee. This
committee currently recommends that small amounts of
gluten have to be gradually introduced between 4 and 7
months of age during breastfeeding (Agostoni et al,,
2008).

Infections: Infections after birth have been proposed to
contribute to the development of CD. Whereas the role of
infection with adenovirus type 12 in this process remains
controversial, the association of Hepatitis C Virus infection
and CD is well documented (Plot et al., 2009).
Socioeconomic features: An epidemiological survey where
comparisons were made between schoolchildren living in
a prosperous area of Finland and children living in an
adjacent poor region of Russia, whom in part shared
genetic susceptibility and gluten intake, has suggested
that worse socioeconomic conditions might protect

against CD development (Kondrashova et al., 2008).

At present the most sensitive and specific serological tests for diagnosis

of CD are assessments of the presence of IgA auto-antibodies against the



endomysium of connective tissue (EMA) and against tissue

transglutaminase (tTG) (Rostami et al., 1999).

In general, in case of strong clinical suspicion of CD, duodenal biopsy
must be performed regardless of serological analysis; in cases of low
suspicion of disease or screening, duodenal biopsy only needs to be

performed in seropositive patients.

Although HLA-DQ2 and/or HLA-DQ8 positivity is not an absolute
requirement for diagnosis, as 40% of the healthy western population also
carry genotypes for these molecules, CD is highly unlikely in case both of
them are absent. As a consequence of this high negative predictive value
for developing CD, HLA genotyping was proposed as a contributing
element to diagnosis, in particular in the absence of villous atrophy

(Kaukinen et al, 2002).

Genetic risk factors

A strong genetic component is suggested by:

e Familial aggregation, as the prevalence of CD is 10 times
higher in first degree familiars (~10%) than in the whole
population (1%) (Bevan et al., 1999; Petronzelli et al., 1997);

e Disease concordance in monozygotic twins (> 80%) than

dizygotic (~10%) (Greco et al., 2002).

HLA genes

HLA alone can explain about ~40% of the genetic predisposition to
disease (Bevan et al.,, 1999). The genetic risk factors are the genotypes

encoding the HLA class Il molecules HLA-DQ2 (encoded by HLA-
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DQA1*0501 and HLA-DQB1*02) and HLA-DQ8 (encoded by HLA-
DQA1*0301 and HLA-DQB1*0302). About 90% of individuals with CD carry
the DQ2 heterodimer encoded either in cis or in trans, and almost all of

the remaining patients express DQ8 (Sollid et al., 1989) (Figure 1).
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Figure 1. DQ2.5 haplotype is created by close genetic linkage of two alleles, written
as a haplotype, DQA1*0501:DQB1*0201. The haplotype encodes DQ2.5cis isoform,
referring to the cis arrangement of the DQA1*0501 and DQB1*0201 on the same variant
of chromosome 6. The isoform can also be encoded trans-haplotype (between two sister
chromosomes) forming the DQ2.5trans isoform. The DQ2.5 haplotype is linked to DR3.
DQ2.2 is encoded almost exclusively by the DQA1*0201:DQB1*0202 haplotype. The
haplotype is linked to DR7. DQA1*0301:DQB1*0302 (DQ8.1) is the most common DQS8
subtype representing over 98% of the DQ-8 bearing population.

Class Il HLA molecules are localized on Antigen Presenting Cells (APC)

surface and they are delegate to interact with T cell Receptor (TCR) in
8



order to present peptide molecules previously internalized by endocytosis,
processed and brought to the surface. The molecules encoded by the
genes of class Il heterodimers are characterized by two transmembrane
chains (a and B), and both chains are encoded by highly polymorphic
genes (DQA and DQB, respectively) located in 6p chromosomal region.
Most of the amino acid changes are located in a binding pocket which
interacts with the antigenic peptide. The HLA polymorphism, therefore,
affects the repertoire of peptides that can be presented to T lymphocytes

and modulates immune response of each individual.

Human Tissue Transglutaminase (TGase) has a very important role in
promoting intestinal damage: it is present at the basal membrane of
intestinal epithelial cells and can deamidate gliadin peptides which have a
higher binding affinity to HLA-DQ2 and HLA-DQ8 molecules than native
ones. Deamidation produces glutamic acid, rich in negative charges, from
the neutral original Glutamine; since the DQ2 molecule preferentially
accommodates in its binding site peptides leading negative residuals in
their structure, deamidated gliadin peptides can cause a strongest
response by binding with higher affinity to the HLA-DQ2 molecule (van de
Wal et al., 1998).

Non-HLA genes

As it has been said previously, CD has a strong genetic component,
more than others complex disease, and HLA genetic predisposition can
explain only ~40% of the susceptibility to the disease. Currently, several
susceptibility loci not related to HLA have been identified by genome-wide
association studies (GWAs); these studies aimed to analyze two distinct
populations of subjects: one (cases) characterized by presence of the
disease, the other (controls) characterized by its absence. The hypothesis
that supports an association study is that the presence of specific

9



polymorphisms in a locus (in particular Single Nucleotides Polymorphisms,
SNPs) increases or decreases the risk to develop a complex diseases. There
are in fact allelic variants that have a predisposing role to disease because
they are more frequent in the population of affected individuals than in
healthy controls, on the contrary there are variants with protective role

that is less frequent in cases compared with healthy patients.

The first GWAs showed that the 4927 region, which harbors the IL2,
IL21 and KIAA1109 genes, had the strongest association with CD after the
HLA region (van Heel et al., 2007). The 4927 region was immediately
investigated also in other auto-immune disease and an association was
found also with type | Diabetes (Todd et al., 2007), Psoriasis (Liu et al.,
2008) and Rheumatoid Arthritis (Zhernakova et al., 2007).

In 2008 the same group performed a new GWAs on a case-controls
cohort confirming the association of the 4927 region and finding other
seven regions in which there are nine candidate SNPs (Hunt et al., 2008).
According to them, all the new 8 loci could explain ~3-4% of the 60%

unexplained by HLA.

From this point onwards, many replication on different population were
performed in Europe, confirming or not for each SNP the association
previously reported (Amundsen et al., 2010; Dema et al., 2009; Koskinen et

al., 2009; J Romanos et al., 2009).

In 2009 others two SNPs were supposed to be associated to CD (Trynka
et al., 2009); both are localized in or in proximity of two genes encoding
two proteins (c-REL and TNFAIP3) involved in NF-kB pathway, important

inflammation mediators.

With the last GWAs 13 risk variants were confirmed to be associated

with CD, 13 new risk variants are proposed to be associated and further 13
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met ‘suggestive’ criteria for association because of a little less significant p-

value: 39 risk variants in total (Dubois et al., 2010; Table 1).

Chromosomel Position |

SNP

Gene of interest

Previously reported risk variants

1 190803436 | rs2816316 | RGS1

2 61040333 | rs13003464 | REL, AHSA2

2 102437000 | rs917997 ILI8RAP, IL18R1, IL1RL1, IL1RL2
2 181704290 | rs13010713 | ITGA4, UBE2E3

2 204510823 | rs4675374 | CTLA4, ICOS, CD28

3 46210205 | rs13098911 | CCR1, CCR2, CCRL2, CCR3, CCR5, CCR9
3 161147744 | rs17810546 | IL12A

3 189595248 | rs1464510 | LPP

4 123334952 | rs13151961 | IL2, 1L21

6 32713862 | rs2187668 | HLA-DQA1, HLA-DQB1

6 138014761 | rs2327832 | TNFAIP3

6 159385965 | rs1738074 | TAGAP

12 110492139 | rs653178 SH2B3

18 12799340 | rs1893217 PTPN2

New loci, geno

me-wide significant evidence

1 2516606 rs3748816 | TNFRSF14, MMEL1
1 25176163 | rs10903122 | RUNX3

1 199158760 | rs296547 ?

2 68452459 | rs17035378 | PLEK

3 32990473 | rs13314993 | CCR4

3 120601486 | rs11712165 | CD80, KTELC1

6 90983333 | rs10806425 | BACH2, MAP3K7

6 128320491 | rs802734 PTPRK, THEMIS

8 129333771 | rs9792269 | ?

10 80728033 | rs1250552 | ZMIZ1

11 127886184 | rs11221332 | ETS1

16 11311394 | rs12928822 | CIITA, SOCS1, CLEC16A
21 44471849 | rs4819388 | ICOSLG

New loci, suggestive evidence

1 7969259 rs12727642 | PARK7, TNFRSF9
1 61564451 | rs6691768 | NFIA

1 165678008 | rs864537 CD24

1 170977623 | rs859637 FASLG, TNFSF18, TNFSF4
3 69335589 | rs6806528 | FRMDA4B

3 170974795 | rs10936599 | ?

6 328546 rs1033180 | IRF4

7 37341035 | rs6974491 ELMO1

13 49733716 | rs2762051 |°?

14 68347957 | rs4899260 | ZFP36L1

17 42220599 | rs2074404 | ?

22 20312892 | rs2298428 | UBE2L3, YDJC

X 12881445 | rs5979785 | TLR7, TLR8

Table 1: Genomic regions with the strongest association signals for celiac disease
(Dubois et al., 2010)

The previous 13, the new 13 and the 13 new suggestive risk variants

define the whole inflammation and immunological pathways, as shown by
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the DAVID results for Biological Process (http://david.abcc.ncifcrf.gov/; Table

2). Candidate genes were grouped for Gene Ontology (GO) category and
False Discovery Rate (FDR) has been fixed at<0.05. In a list of statistically
significant findings (i.e. studies where the null-hypothesis could be
rejected), FDR procedures are designed to control the expected proportion
of incorrectly rejected null hypotheses ("false discoveries") (Benjamini &

Hochberg, 1995).
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http://david.abcc.ncifcrf.gov/

Term Count P-value Genes FDR
HLA-DQB1, CIITA, IL18RAP, TNFSF4, THEMIS, CCR1, CTLA4,
. o 24 FASLG, TNFRSF14, TLR7, TNFSF18, TLR8, HLA-DQA1, CCR9,
60:0006955~immune response (a3.6%) | O 17 | res1, cCRS, CCRa, ETS1, ICOS, CCR2, IL12A, ICOSLG, CD28, | o314
L2
. A 10 MAP3K7, CD80, IL12A, CTLA4, TNFRSF14, IRF4, 1L.21,
G0:0050863~regulation of T cell activation (18.2%) 3.69E-10 ICOSLG, CD28, IL2 5.71E-07
. N 11 MAP3K7, PLEK, CD80, IL12A, CTLA4, TNFRSF14, IRF4, I1L21,
G0:0050865~regulation of cell activation (20.0%) 6.66E-10 ICOSLG, CD28, IL2 1.03E-06
G0:0042129~regulation of T cell proliferation (1485(” 2.57E-09 CD80, IL12A, CTLA4, TNFRSF14, 1L21, ICOSLG, CD28, 1L2 3.97E-06
. 0
. N 10 MAP3K7, CD80, IL12A, CTLA4, TNFRSF14, IRF4, 1L.21,
G0:0051249~regulation of lymphocyte activation (18.2%) 3.01E-09 ICOSLG, CD28, IL2 4.65E-06
. N 10 MAP3K7, CD80, IL12A, CTLA4, TNFRSF14, IRF4, 1L.21,
G0:0002694~regulation of leukocyte activation (18.2%) 8.26E-09 ICOSLG, CD28, IL2 1.28E-05
- . . 11 MAP3K7, CD80, THEMIS, CD247, IL12A, 1L21, TLR7, TLRS,
G0:0002684~positive regulation of immune system process (20.0%) 1.30E-08 ICOSLG, CD28, 12 2.02E-05
G0:0001817~regulation of cytokine production 10 1.76E-08 MAP3K7, TNFSF4, CD8O, REL, IL12A, IRF4, IL21, TLR7, TLRS, 2.72E-05
(18.2%) cD28
7
G0:0042108~positive regulation of cytokine biosynthetic process (12.7%) 2.04E-08 | CD&0, REL, IRF4, IL21, TLR7, TLR8, CD28 3.15E-05
. (]
G0:0050670~regulation of lymphocyte proliferation (1485(” 2.04E-08 CD80, IL12A, CTLA4, TNFRSF14, 1L21, ICOSLG, CD28, 1L2 3.16E-05
. (]
G0:0070663~regulation of leukocyte proliferation (1485(” 2.22E-08 CD80, IL12A, CTLA4, TNFRSF14, 1L21, ICOSLG, CD28, 1L2 3.44E-05
. (]
G0:0032944~regulation of mononuclear cell proliferation (1485(” 2.22E-08 CD80, IL12A, CTLA4, TNFRSF14, I1L21, ICOSLG, CD28, 1L2 3.44E-05
. (1]
G0:0050867~positive regulation of cell activation (1485(” 1.55E-07 MAP3K7, PLEK, CD80, IL12A, IL21, ICOSLG, CD28, IL2 2.39E-04
. (]
G0:0042035~regulation of cytokine biosynthetic process (1277% 2.86E-07 | CD80, REL, IRF4, I1L21, TLR7, TLR8, CD28 4.43E-04
. (1]
G0:0042102~positive regulation of T cell proliferation (1069% 2.94E-07 | CD80, IL12A, IL21, ICOSLG, CD28, IL2 4.55E-04
. (1]
G0:0050870~positive regulation of T cell activation (1277,y) 3.36E-07 MAP3K7, CD80, IL12A, IL21, ICOSLG, CD28, 1L2 5.19E-04
. (]

Table 2: DAVID results of associated genes located in 39 risk loci: Gene Ontology for Biological Processes. GO (Gene Ontology) is the number
concatenated to category name (es. GO:0006955 is the category related to the immune response); (FDR) False discovery rate control is a statistical
method used in multiple hypothesis testing to correct for multiple comparisons.
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To simplify, the candidate genes were included in four categories:

1. T-cell development in the thymus: the associated variants might

alter biological processes before thymic MHC-ligand interactions.

- THEMIS has a key regulatory role in both positive and negative
T-cell selection during late thymocyte development.

- RUNX3, a master regulator of CD8+ T Ilymphocyte

development in the thymus.

- TNFRSF14 has widespread functions in peripheral leukocytes
and a crucial role in promoting thymocyte apoptosis.

- The ETS1 transcription factor is also active in peripheral

leukocytes; however, it is also a key player in thymic CD8+

lineage differentiation, acting in part by promoting RUNX3

expression.

2. Innate immune detection of viral RNA.
- TLR7-TLR8 recognize viral RNA and viral infection (and the
nature of the host response to infection) as a putative
environmental trigger that could be common to these

autoimmune diseases.

3. T- and B-cell co-stimulation (or co-inhibition).
- The association of genes like CTLA4- ICOS-CD28, TNFRSF14,
CD80, ICOSLG, TNFRSF9, TNFSF4 indicate that fine control of
the adaptive immune response might be altered in individuals

at risk of CD.

4. Cytokines, chemokines and their receptors.

These confirmed susceptibility loci can explain approximately 20% of

disease variance (Dubois et al., 2010) and help refine the pathways
14



involved in CD pathogenesis. Recently a new method using polygenic risk-
score analyses to infer the total liability-scale variance explained by
associated GWAS SNPs was used to refine this value, and for CD the value
obtained was 43% (excluding MHC contribute) (Stahl et al.,, 2012).
Nonetheless, much more work needs to be done to explain the missing
heritability and to understand the functional consequences of these risk

alleles.

As it’s almost impossible to study all of them in a thorough way, we
decided to focalize our attention on a few, in particular those which
resulted to be associated with CD in different association studies on

different populations and so less amenable to an environmental effect.

Function of selected candidate genes

Firstly we pointed attention on the 4927 locus, because of its redundant
positive result in all GWAs performed until now. Three main genes belong

to this locus: KIAA1109, IL-2 and IL-21.

Recent studies showed that the encoded protein of KIAA1109 gene
(RefSeq Accession NP_056127.2) is similar to a Chinese hamster protein
associated with spermatocyte and adipocyte differentiation (Wei et al.,
2006). The C-terminus of the protein is also similar to a Caenorhabditis
elegans protein that plays a role in lipid storage (Wei et al., 2006). In
mammals, this protein is thought to have a role in the regulation of
epithelial growth and differentiation, and in tumor development (Kuo et
al., 2006). The literature about KIAA1109 is very scarce, so it's not well
known how it could correlate with CD, even if this gene belongs to the
4927 locus which is the first and most associated one, after HLA, not only

to CD (van Heel et al., 2007) but also to type | diabetes (Todd et al., 2007),
15



Psoriasis (Liu et al., 2008) and Rheumatoid Arthritis (Zhernakova et al.,
2007).

IL-2 is produced from T cell after antigenic or mitotic stimulation and it
works in autocrine or paracrine manner on monocytes and on T, B, LAK, NK
and glioma cells. The decreased expression of IL-2 is associated to an
organ-specific autoimmune reaction, because of its capacity to activate
Treg cell (CD4+ CD25+) and so inhibiting the negative selection of T cell

clones reactive towards self (Yamanouchi et al., 2007).

IL-21 is one of the crucial cytokine in the inflammatory and gluten
induced immune response. Its pro-inflammatory action directly correlates
with the increase of IFN-y (Fina et al., 2008). Moreover, together with IL-15
promotes NK cell proliferation and maturation, and itself alone has the
same effect on T and B cell as an answer to activating stimuli (De Nitto et

al., 2009).

c-REL is a subunit of the NF-kB complex, and it is crucial for the
regulation of this major nuclear factor which regulates the innate and
adaptive immunity (Bonizzi et al., 2004). It’s regulation can terminate the
NF-kB activation by innate immune stimuli. The integral structure of c-REL
is crucial for the activation as well as for the termination of NF-xB induced
immunoresponse (Lawrence et al., 2005). Our group produced evidences
that NF-kB is also constitutively active in intestinal mucosa of patients with
untreated CD and reverts to normal values when gluten is removed from

the diet (Maiuri et al., 2003).

LPP (Lipoma Preferred Partner) gene encodes for a protein not directly
implicated in immune and/or inflammatory disorders but according to
recent GWAs the SNP association value is one of the highest, and so it
seems to be more closely involved in the pathogenesis of CD than the

others (Dubois et al., 2010); moreover this is the most associated gene also
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in a family study, as reported by us (Izzo et al., 2011). It is a member of LIM
domain-proteins family (Petit et al.,, 1996) probably involved in the
regulation of shape, in cell polarity and motility (Petit et al., 2000), and in

zinc finger protein transfer through cell-cell adhesions (Petit et al., 2003).

RGS1 (Regulator of G-protein signaling 1) gene encodes a member of
the “G protein signaling regulator” family which is probably involved in
homing mechanism, because Rgsl'/' mice showed an increased B cell
movement from and towards lymph nodes (Han et al., 2005) and an
increased migratory response of dendritic cells after chemokines

stimulation (Shi et al., 2004).

About TNFSF14 gene, it is located on 19p13.3 locus, and the protein
encoded is a member of tumor necrosis factor (TNF) ligands superfamily;
its receptor (TNFRSF14), also known as Herpesvirus Entry Mediator
(HVEM), resulted to be associated with CD in one of the latest GWAS
(Dubois et al.,, 2010). In murine models, the gene is constitutively
expressed in inflamed intestinal mucosa (Shaikh et al., 2001). Moreover,
recent experiments have shown that there is a high expression in human
intestinal T cells, and that its expression is essential for the production of

IFN-y (Cohavy et al., 2004).

SH2B3 gene encodes for a protein capable to negatively regulate the
lymphopoiesis and early hematopoiesis, and its down-regulation can lead
to increased production of B cells, and increased expansion and enhanced
function of hematopoietic stem cells (HSCs) (Takaki, 2008); it is a negative

regulator of PDGFR signaling (Gueller et al., 2011).

TAGAP (T-cell activation GTPase activating protein) gene encodes a
protein expressed in activated T cells and it’s predicted to function as a

Rho GTPase-activating protein (Chen et al., 2011).
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With regard to TNFAIP3 gene, Tnfaip3'/' mice had greater intestinal
permeability compared to wild-type (Kolodziej et al., 2011), suggesting
that this protein can maintain intestinal barrier function and support
epithelial cell tight junctions. It is also closely linked to NF-kB pathway
because failure to down regulate NF-kB transcriptional activity resulted in
chronic inflammation and cell death, as observed in A20-deficient mice

making TNFAIP3 a potent inhibitor of NF-xB signaling (Wertz et al., 2004).
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Aim

The aim of this study is to improve the knowledge about the role of the
genetics in the CD context, in order to see non-HLA genes not like a list of
genes with certified immunological function, but to understand the

reasons why they are associated with CD.

For this reason the project of the thesis is articulated in several sub-

projects.

1. Gene Expression studies and non-HLA genes: our aim to improve
the analyses of candidate gene expression comparing the results
obtained on mucosal biopsies, peripheral monocytes and T-cell
lines isolated from duodenal mucosa: three different cell
populations with three different functions and locations, in order
to give a picture of the variation in the celiac type and to

correlate it with a model of CD pathogenesis.

Moreover, a discriminant analysis of the celiac gene
expression profile has recently been proposed as a promising
diagnostic tool with which to distinguish celiac mucosa from
normal mucosa (Bragde et al.,2011). Therefore, we evaluated the
diagnostic strength of the discriminant analysis on the gene
expression data obtained from peripheral blood monocytes with
the aim to provide a less invasive alternative to duodenal biopsy

as the only diagnostic tool for CD.

2. Non-HLA genes and Potential CD patients. Our aim was to
explore the presence of genetic and expression factors that may
differentiate potential patients from overt CD patients and
controls, in particular:

e To find a different distribution of HLA haplotypes;
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e To evaluate if there is a different distribution of non-HLA
genes;

e To confirm association results also in expression studies on
RNA extracted from intestinal biopsies.

e To understand if a correlation exists between genotype
and expression levels.

3. Non-HLA genes as a model for risk prediction in a family cohort.
The aim of this study was to study a genetic risk model for CD
using HLA and non-HLA risk alleles. We aimed to significantly
improve the identification of subjects at risk to develop CD by
modeling the HLA risk with the newly discovered genetic profile
in order to reach an higher accuracy in prediction. When this goal
will be reached, families with one case will know, with reliable
precision, the individual risk of a newborn and will be able to
anticipate the onset of the clinical phenotype by a simple point-
of-care tests. After families the model might well be extended to
populations, in the frame of national policies to screen for

genetic predispositions to diseases.
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Chapter 1

Non-HLA genes and Celiac Disease:

Gene expression studies
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Chapter 1. Non-HLA genes and Celiac Disease: Gene expression studies

Background and aim

GWA studies represent a major breakthrough in the genetics of complex
disorders. At this point, besides the HLA contribution, we know that 39
genes are associated to CD, but no one knows how these polymorphic
variants can contribute to the pathogenesis of the disease. Dubois and his
group (Dubois et al., 2010) performed the largest GWA study in CD history;
they analyzed 1.469 whole blood samples in an expression quantitative
trait meta-analysis: 20 out of 38 (52.6%) tested loci had celiac risk variants

correlated with cis gene expression (Figure 2).
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Figure 2: Co-expression analysis of genes mapping in 39 genome-wide significant and

suggestive CD associated regions in 33.109 heterogeneous human samples from the

Gene Expression Omnibus (Dubois et al., 2010).
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The problem is that these analyses were performed on whole blood, but
literature about an effective correspondence between the association data
and the gene expression profile in the target tissue is still missing, despite
it could be useful to explore the mechanisms behind the atrophic
duodenal outcome. In a recent study (Plaza-lzurieta et al., 2011) in which
the expression analysis of associated genes was performed on duodenal
mucosa samples in a Spanish celiac population, correlating it with the
tagSNP genotype, although the study does not always confirm the

previous results of eQTL profile (Dubois et al., 2010).

Moving from these assumptions, our aim is to improve the analyses of
candidate gene expression comparing the results on mucosal tissue with
those obtained on peripheral monocytes and T-cell lines isolated from
duodenal mucosa: three different cell populations with three different
functions and locations, in order to give a picture of the variation in the

celiac type and to correlate it with a model of CD pathogenesis.

Moreover, a discriminant analysis of celiac gene expression profile has
recently been proposed as a promising diagnostic tool to distinguish celiac
mucosa from normal mucosa (Bragde et al.,2011). However, only genes
involved in the alteration of crypt-villi architecture were evaluated and
only duodenal tissue was tested. Therefore, we evaluated the diagnostic
strength of the discriminant analysis on the gene expression data obtained
from peripheral blood monocytes with the aim of providing a less invasive

alternative to duodenal biopsy as the only diagnostic tool for CD.

Genes were selected from those resulted to be associated with CD in
different studies on different populations and so less amenable to an
environmental effect, in particular KIAA1109, IL-2, IL-21, c-REL, LPP, RGS1,
SH2B3, TAGAP, TNFAIP3 and TNFRSF14. An additional evaluation was also
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performed on TNFSF14 mRNA because of the CD-association of its
receptor TNFRSF14.

Materials and methods

Patients

For gene expression analysis, duodenal biopsies were obtained during
gastroduodenal endoscopy (GDE) procedures and fresh-frozen in liquid
nitrogen. At least 10 patients with untreated CD, 3 patients with treated
CD and 5 non-celiac patients were analyzed. The diagnosis of CD was
based on ESPGHAN criteria (Working Group of European Society of
Paediatric Gastroenterology and Nutrition, 1990). Controls included
patients with a normal duodenal with no mucosal atrophy (Marsh stage of
lesion MO, (Oberhuber et al., 2001)), they underwent to GDE because of
Gastritis, Gastroesophageal reflux disease or hypothesis not confirmed of

Helicobacter Pylori infection.

Monocytes

We used the Dynabeads® My Pure™ Monocyte kit (Life Technologies,
Foster City, CA) to isolate monocytes from other peripheral blood cell
types (B- and T-lymphocytes, NK cells, erythrocytes, dendritic cells etc.).
Monocytes were extracted from peripheral blood of 18 control patients, 8
CD patients, 11 Crohn disease patients and 5 celiac patients on a GFD. To
verify the discriminant results, we analyzed a second cohort of 9 CD

patients.
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Gliadin preparation

Gliadin was extracted from a common exaploid wheat cultivar
(Sagittario) according to a standard procedure and enzymatically digested
with pepsin and trypsin, as previously described (Gianfrani et al., 2007).

PT-gliadin was deamidated with guinea pig tTG.

Generation of gliadin-specific T-cell lines and functional assay

Gliadin-reactive TCLs were generated from duodenal explants of 3 adult
control, (non celiacs) and 3 untreated HLA-DQ2" celiacs, as described
previously (Gianfrani et al., 2007). Briefly, mucosal explants were digested
with collagenase-A and cells were suspended at 2-3x10°/mL in complete
medium (X-Vivol5 medium supplemented with 5% AB pooled human
serum and antibiotics, all provided from BioWhittaker, Verviers, Belgium).
Mucosal cells were stimulated with 1.5x106 irradiated autologous PBMCs,
deamidated-PT-gliadin (50 pg/mL), and IL-15 and IL-2 as growth factors
(R&D System, Minneapolis, MN). After 7 and 21 TCLs were re-stimulated
with deamidated-PT-gliadin and feeder cells. For gene expression analysis,
TCLs (0.5-1.0x10°) were stimulated with autologous, EBV-transformed B
lymphoblastoid cell lines (B-LCLs,1.0x10°) pulsed overnight in presence or
absence of deamidated-PT-gliadin (100 pg/mL). After 0, 1, 3 hours of
incubation, cells were pelleted and cryopreserved at -80°C. Before
cryopreserving, an aliquot of cell supernatants were harvested for IFN-y

measurement.
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Expression studies

From frozen tissues samples, total RNA was isolated using RiboPure™
kit (Life Technologies, Foster City, CA). The quality of the RNA was assessed
by running aliquots on agarose gels. In each Real Time PCR experiment,
double stranded complementary DNA (cDNA) was synthesized from 2 ug
of total RNA using the High-Capacity cDNA reverse transcription kit (Life
Technologies, Foster City, CA) as per the manufacturer’s protocol. Retro-
transcription had to be followed by a linear pre-amplification step before
the Real Time experiment because of the poor amount of RNA recovered
from monocyte samples. This step was performed using TagMan® PreAmp
Master Mix (Life Technologies, Foster City, CA) that preamplifies small

amounts of cDNA without introducing amplification bias to the sample.

Experiments were performed on 7900HT Fast Real Time PCR using in
20uL of reaction TagMan® Gene Expression Assay 20x (Life Technologies,
Foster City, CA), TagMan®Gene Expression Master Mix 2x (Life
Technologies, Foster City, CA) and about 40ng of cDNA, as per the
manufacturer’s protocol; each gene expression was normalized towards an
endogenous housekeeping (GUSb). Relative expression ratios were

=plcuGUsbl-Ctltest)] '\ hare R s ratio, C, is the cycle number at

calculated as R
the threshold, and test refers to the tested mRNA. The confidence interval

was fixed at 95%. Data were normalized to the control group.

All primers and probes for each gene were purchased as commercial
’Assays-On-Demand’ sets from Life Technologies (Foster City, CA), chosen
because of their gene target position: probe binds and amplifies an exonic
junction, which can permit us to exclude from our analysis any DNA

genomic contaminants.
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Statistical Analysis

The non-parametric Mann-Whitney U test for 2 independent variables was
used to assess the difference between data sets. Statistical analyses were
performed using SPSS 17.0 (SPSS Inc., Chicago, IL, USA) and GraphPad
Prism 5.0 (GraphPad software, San Diego, CA, USA).

Results

Expression studies

Mucosal tissue

KIAA1109 and c-REL mRNA expression in intestinal mucosa of CD
patients was not significantly different from controls, while the expression
increased significantly in CD-GFD mucosa compared to controls (p=0.01,
Mann-Whitney U: 13.00 and p<0.01, Mann-Whitney U: 5.000 respectively)
and CD patients (p=0.03, Mann-Whitney U: 9.00 and p=0.01, Mann-
Whitney U: 4.000 respectively) (Figure 3a-b). On the contrary, IL 21 gene
was more expressed in CD patients than in controls (p=0.01, Mann-
Whitney U: 3.00; Figure 3c) according to data reported in literature (Fina
et al., 2008); this increase seems to be gluten-dependent because the
expression returned to the levels of controls after at least one year of GFD
(CD vs. CD-GFD p=0.01, Mann-Whitney U: 0.00). Also SH2B3 gene showed
a mild not significant increase of gene expression in CD duodenal biopsies
while in CD-GFD the expression decreased sharply in a significant way
compared to both controls (p<0.01, Mann-Whitney U: 3.00) and CD
(p<0.01, Mann-Whitney U: 2.00) (Figure 3d). In our studies TAGAP mRNA

significantly increased in CD mucosal biopsies compared to controls
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(p=0.04, Mann-Whitney U: 23.00) (Figure 3e). Mucosal biopsies of CD
patients showed higher values of TNFSF14 mRNA than controls (p<0.01,
Mann-Whitney U: 8.00), and it is noteworthy that these levels remain high
in CD-GFD patients when compared to Controls (p=0.04, Mann-Whitney U:
9.00) (Figure 3f).
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Figure 3. Gene expression studies on small intestinal biopsies.

29

C) IL21
p=0.01
A
1000+ p<0.001
mn
100 —
o et
® _m
°§, 10- .
| —;f—— i
14 .....
A
0.1 T T T
Ctr (o] GFD
f) TNFSF14
20+ \ p=0.04 |
p<0.001
=
154 A
(e} | | |
< 10
54 | ] -
o .1 A
S T8 Al
0 90 T T
Ctr (o] GFD



The analysis of IL-2 mRNA showed that there were no significant
differences among CD patients, controls and CD-GFD; in particular a trend
of slight over-expression was shown in CD compared to Controls and CD-
GFD patients. The analyses of LPP, RGS1, TNFAIP3 and TNFRSF14 showed
no significant differences between controls, CD and CD-GFD patients,
nevertheless RGS1 gene expression was slightly improved in CD compared
to controls, even if this difference did not reach the significant threshold.

All these last results are resumed in Figure 4.
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Figure 4. Gene expression studies on mucosal tissue of IL-2, LPP, RGS1, TNFAIP3 and
TNFRSF14 genes.

Peripheral blood monocytes

The expression of the panel of candidate genes was evaluated in
monocytes extracted from peripheral blood samples of 18 controls, 17 CD
and 5 CD-GFD patients. The aim was to evaluate the differences with the
results obtained in duodenal mucosa, and to investigate the involvement

of these genes in peripheral processes also, for example, before the
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recruitment of monocytes from the blood to intestinal tissue. Monocytes
extracted from peripheral blood of 11 Crohn patients served as positive
controls. We did not evaluate the expression of IL-2 and IL-21 because
they are not produced by monocytes but by CD4" TCLs after antigen

activation (De Nitto et al., 2009; Williams et al., 1991).

The KIAA1109 gene was over-expressed in CD (t-test p=0.05; Means *
SEM "0.8650 + 0.04832 N=18" vs. "1.068 + 0.08723 N=17"), Crohn (t-test
p=0.02; Means + SEM "0.8650 + 0.04832 N=18" vs. "1.435 + 0.2794 N=11")
and CD-GFD patients versus controls (t-test p=0.05; Means £+ SEM "0.8650
+ 0.04832 N=18" vs. "1.110 + 0.1445 N=5"; Figure 4a). Differently, c-REL,
SH2B3 and LPP expression was lower in CD monocytes compared with
controls (c-REL — p<0.01; Mann-Whitney U 11.50; SH2B3 — t-test p=0.05;
Means = SEM "1.097 + 0.1163 N=17" vs. "0.7500 + 0.1153 N=15"; LPP —
p=0.05; Mann-Whitney U 80.0), but regarding c-REL and SH2B3 genes
significantly higher than in either CD-GFD (c-REL — t-test p<0.01; Means *
SEM "0.9612 + 0.08464 N=17" vs. "2.812 + 0.4869 N=5"; SH2B3 — t-test
p<0.01; Means + SEM "1.097 + 0.1163 N=17" vs. "2.448 + 0.2510 N=4") or
Crohn monocytes (c-REL — p<0.01; Mann-Whitney U: 10.0; SH2B3 — t-test
p=0.01; Means + SEM "1.097 + 0.1163 N=17" vs. "1.895 + 0.3358 N=11")
(Figure 4b, 4c and 4e). The expression of RGS1 showed a trend similar to
that of c-REL, but did not differ between CD-GFD and control monocytes
(Figure 4d). The ANOVA revealed a significant difference between the
groups in terms of mean RQ as regards c-REL, SH2B3 and TNFRSF14

expression. In all cases the p-value was lower than 0.01)
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Figure 5. Gene expression studies on peripheral blood monocytes of KIAA1109, c-REL,

LPP, RGS1 and SH2B3 genes.

TAGAP, TNFSF14 and TNFRSF14 were expressed at similar levels in CD

and CD-GFD monocytes and results are resumed in Figure 6.
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Figure 6. Gene expression studies on peripheral blood monocytes of TAGAP, TNFSF14

and TNFRSF14 genes.
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T-cell lines isolated from duodenal biopsies.

We isolated CD4" TCLs from the duodenal mucosa of 3 controls and 3 CD
patients, raised against deamidated PT-gliadin digest. Only CD-derived
TCLs highly reactive to deamidated PT-gliadin were selected. To evaluate
gene expression in terms of gliadin dependence and/or time dependence,
TCLs were grown in a culture medium with or without deamidated PT
gliadin and fixed at baseline (time 0) and after 1h and 3h of incubation. We
labeled these conditions as follows: MO=medium culture at Oh;
M1l=medium culture after 1h; M3=medium culture after 3h; GO=gliadin
culture at Oh; Gl=gliadin culture after 1h-incubation; G3=gliadin culture

after 3h-incubation.

Samples were analyzed at time Oh and 3h to determine at which time-
point the expression changes occurred. The expression at 1 h was
evaluated only if differences were found between baseline and 3 h. As
expected, there was no difference in terms of gene expression in controls
at time 0, incubated with or without gliadin (controls MO vs controls GO),
or in CD samples at time 0, incubated with or without gliadin (CD MO vs CD
GO).

IL-2 expression differed significantly between CD and controls already at
time 0, irrespective of the presence of gliadin in the culture medium (CD
MO/GO vs controls MO0/GO0). After 1 and 3h of incubation, gliadin
significantly stimulated IL-2 mRNA expression, whereas at the same time
points, in the absence of gliadin, IL-2 expression was significantly lower in
CD than in control samples (Figure 7A). IL-21 expression at baseline was
similar in CD and controls in both T-cell populations incubated with and
without gliadin (CD MO0/GO vs controls M0/G0). After exposure to gliadin
for 1h and for 3h, IL-21 expression was higher in the CD group than in
controls (CD G1 vs controls M0O/GO and CD MO/GO). Interestingly, 1L-21
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expression was higher in celiac TCLs after incubation for 3h in medium
alone (CD M3 vs controls MO; Figure 7B). Similar to IL-21, the expression of
c-REL at baseline in CD and in controls did not differ between the two T-
cell populations incubated with and without gliadin (CD M0/GO vs controls
MO/GO0). At 1h, c-REL expression increased slightly in control and CD TCLs,
irrespective of gliadin (CD M1/G1vs controls M0/G0), whereas after 3h of
incubation, c-REL expression was higher in CD than in control TCLs, and
the difference was more pronounced in the presence of gliadin (control
M3/G3 vs CD M3 and G3) (Figure 7C). TNFAIP3 expression was similar to
that of c-REL, except for an increase in expression in CD TCLs after 1h of
incubation (Figure 7D). RGS1 gene expression was much lower in CD than
in control TCLs at time O, irrespective of the presence of gliadin in the
medium (CD MO/GO vs controls M0O/GO0); it remained lower also after 1h
and 3h of incubation with medium alone. After 3h of incubation with
gliadin, the expression of TNFAIP3 was up-regulated and reached a level

comparable to that of controls in the same condition (Figure 7E).

No difference in the expression of any gene was found in control TCLs

up to three hours of incubation with and without gliadin (data not shown).

All the significant differences have positive Mann-Whitney test (p=0.05).
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Figure 7: gene expression studies on T-cell lines isolated from duodenal biopsies of IL-
2, IL-21, c-REL, RGS1 and TNFAIP3 genes.

The expression of KIAA1109, LPP, SH2B3, TAGAP, TNFSF14 and
TNFRSF14 did not differ between CD in samples incubated with and
without gliadin measured at Oh, and 3h. Hence we did not measure their

expression after 1h of incubation (Figure 8).
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Figure 8: gene expression studies on T-cell lines isolated from duodenal biopsies of
KIAA1109, LPP, SH2B3, TAGAP, TNFSF14 andTNFRSF14 genes.

Statistical Analyses

Discriminant Analysis in small intestinal tissue

In order to identify genes whose expression in small intestinal mucosa
better characterize celiac tissue versus controls, a linear discriminant
equation was fitted to the standardized values of expression (RQ). At each
step, the variable that minimizes the overall Wilks' Lambda is entered. The
following limits were used for the analysis:

a. Maximum number of steps is 12

b. Minimum partial F to enter is 1.84

c. Maximum partial F to remove is 1.71
According to this analysis, 5 genes (stepwise: TNFAIP3, IL-21, c-REL, RGS1
and LPP) were selected from those analyzed, with a significant p-value

always lower than 0.001 (Table 3).
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Candidate | Wilks' p-

Step Gene Lambda Exact F value
1 TNFAIP3 0.404 59.002 | <0.001
2 IL-21 0.300 45521 | <0.001

3 c-REL 0.261 | 35.809 |<0.001
4 RGS1 0.235 | 30.143 | <0.001

5 LPP 0.222 25.272 | <0.001
Table 3. Results of Discriminat analysis in the small intestinal tissue: five genes

significantly contribute to the discriminant analysis by a stepwise process. It means that
the expression values in the intestinal tissue of TNFAIP3, IL-21, c-REL, RGS1 and LPP
genes, it is possible to discriminate the celiac type from the control one.

By multiplying the unstandardized canonical discriminant coefficients to
the actual values of the expression of the genes listed in the table, a
discriminant score is obtained for each individual, which allows the

classification into the diagnostic groups.

D — Score = (TNFAIP3 % 0.404) + (IL — 21 % 0.300) + (¢ — REL
* 0.261) + (RGS1 * 0.235) + (LPP * 0.222) + constant

By applying the discriminant equation to cases and control a classification
table was produced (Table 4) which shows the capacity of the equation to
discriminate celiacs from controls, in fact 92.9% of original cases were

correctly classified (90% of controls and 95.9% of celiacs).

Predicted Group
Membership

Control | Celiac

Control |19 (95%)| 1 (5%) 20

Real Group 20
Membership | Celiac |2 (9.1%) (90.9%) 22
21 21 42

Table 4. Classification results of discriminant analysis: by applying the results of
Wilks’ Lambda discrimination analysis, a classification table was produced and the
results compared with the real group membership of the considered samples. As
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described, 92.9% of samples (90% of controls and 95.9% of celiacs) were correctly
classified.

Discriminant analysis in peripheral blood monocytes

Encouraged by the results obtained with for duodenal mucosa, we
developed a similar linear discriminant analysis for the gene expression in
peripheral blood monocytes. We randomly divided our celiac and control
cases into two balanced groups. By stepwise statistic entered the
expression of four candidate genes were selected by multivariate analysis
of CD, similar to the results obtained in the duodenal tissue. LPP, c-REL,
KIAA1109 and TNFAIP3 well discriminated between cases and controls,
and the discriminant function revealed a very low Wilks’ lambda (0.048).

Indeed 91% of controls and all CD patients were correctly predicted.

To verify these results we applied the discriminant equation obtained in
the training set, constituted by 9 CD patients and 11 controls, to develop
the discriminant equation, to the gene expression of a new cohort of
patients (“validation set”) constituted by 7 controls, 8 CD, 5 CD-GFD
patients and 9 Crohn patients as positive controls of inflammation. The
expression RQ of each individual was multiplied by the unstandardized
coefficient obtained with the training set. The D-score was obtained as
explained previously. We obtained four clustered D-scores, one for each
group (Controls, CD, Crohn and CD on gluten free diet, Figure 9) with no
overlap among them. The very low Wilk’s lambda obtained by the selected
genes, closed to O=complete discrimination, guarantees the confidence
into the classification capacity of the equation in the clinical setting. Figure
9 shows the distribution of the D-Scores of CD, and CD patients on GFD,
controls and Cohn’s disease patients. The D-Score for active celiac patients
was negative in all cases, while it was positive for all the other groups on

differentiated clusters.
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Figure 9. Distribution of the Discriminant of CD, Controls, Crohn and CD-GFD patients.
The D-score clearly separated the four groups of subjects evaluated. Only CD patients
had a negative D-score. The D-score of CD-GFD patients was intermediate between the
scores of controls and Crohn patients.

This score allows indeed to compute a group membership probability
for each individual, we were allowed so to classify correctly all controls
and CD patients; none of the controls, neither CD on GFD nor Crohn

patients were mis-classified as CD patients (Table 5).
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Highest Group

Discriminant

Score

Case Actual Squared

. P(D>d | )
Number | Group | Predicted G=g) P(G=g | Mahalanobis Function 1
Group | D=d)| Distance to
Centroid
p |df

1 Celiac Celiac |0.000| 1| 0.878 14.940 0.076
2 Celiac Celiac |0.222| 1| 1.000 1.491 -2.568
3 Celiac Celiac |0.774| 1 | 1.000 0.082 -3.503
4 Celiac Celiac |0.844 |1 | 1.000 0.038 -3.986
5 Celiac Celiac |0.882| 1 | 1.000 0.022 -3.641
6 Celiac Celiac |0.463 |1 | 1.000 0.538 -3.056
7 Celiac Celiac |0.101| 1 | 1.000 2.695 -5.431
8 Celiac Celiac |0.581 |1 | 1.000 0.305 -4.341
9 Control | Control |0.089| 1 | 1.000 2.884 6.119
10 Control | Control |0.000| 1 | 0.576 16.548 0.353
11 Control | Control |0.566| 1 | 1.000 0.330 4.995
12 Control | Control |0.126| 1 | 1.000 2.346 2.889
13 Control | Control |0.826 | 1 | 1.000 0.048 4.201
14 Control | Control |0.642| 1 | 1.000 0.216 3.956
15 Control | Control |0.955| 1 | 1.000 0.003 4.364
16 Crohn | Control |0.002|1 | 1.000 9.216 7.457
17 Crohn | Control |0.000| 1 | 1.000 326.316 22.485
18 Crohn | Control |0.000| 1 | 1.000 111.285 14.970
19 Crohn | Control |0.000| 1 | 1.000 1232.648 39.530
20 Crohn | Control |0.000| 1 | 1.000 5440.147 78.178
21 Crohn | Control |0.000| 1 | 1.000 2193.662 51.257
22 Crohn | Control |0.000| 1 | 1.000 2997.302 59.169
23 Crohn | Control |0.000| 1 | 1.000 885.652 34.181
24 Crohn | Control |0.000| 1 | 1.000 8543.655 96.853
25 CD-GFD | Control |0.232| 1| 1.000 1.431 5.617
26 CD-GFD | Control |[0.000| 1 | 1.000 532.145 27.489
27 CD-GFD | Control |[0.000| 1 | 1.000 241.667 19.967
28 CD-GFD | Control |[0.000| 1 | 1.000 344.648 22.986
29 CD-GFD | Control |[0.000| 1 | 1.000 959.294 35.393

Table 5. Validation of the discriminant analysis. The analysis conducted to classify

controls, CD, Crohn and CD-GFD patients in 2 groups: Controls and Celiacs. The Highest

Group corresponds to the first prediction choice, and the Second Highest Group to the

second one. Effective control and celiac patients were all correctly predicted; Crohn and

CD-GFD patients were predicted as controls.
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Discussion

Our previous works on genetic risk models and potential CD (lzzo et al.,
2011; Sperandeo et al., 2011) reinforce the selection of a small set of
candidate genes with specific functions most likely related to the
pathogenesis of CD. Indeed the main reason why gene expression studies
rarely produce significant clinical predictions is the overwhelming
abundance of data. Hundreds of gene over- or under-expressed in the
disease status compared to the healthy status very often reflect the
inflammation and the expected immune response, but rarely point to the

pathogenic profile of the disease.

Thanks to the recently proposed new ESPGHAN diagnostic algorithm for
CD, (Husby et al., 2012) duodenal biopsy can now be avoided in a sizeable
proportion of patients on the basis of clinical symptoms and high
production of anti-tTG antibody. Unfortunately, it is not possible to
generalize the method because not all CD patients have high anti-tTG
levels (i.e. Potential Celiac Disease), and many patients are asymptomatic.
Moreover, this new protocol is not applicable for at-risk relatives (Husby et

al., 2012).

By virtue of this, the aim of this study was: firstly, to build a panoramic
view on the gene expression profile of some of the most associated CD
related genes, exploring it at different levels (i.e. mucosal biopsies,
peripheral monocytes and TCLs). Secondly, to use the gene expression
profile of CD-associated genes in peripheral blood monocytes to
differentiate patients affected by CD from controls as a step towards the

molecular diagnosis of the disease.

First of all we demonstrated that some gene expression profile are
modified according to the healthy state of the patients (e.g. Differences
between gene expression in celiacs and not celiacs patients), in several
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cases it was ascribable to the inflammation state of the analyzed tissue
and/or cell lines analyzed (comparing gene expression on monocytes of CD
and Crohn patients used as positive inflammation controls), in many cases
it has been possible to hypothesize to assign the perturbation state to the
CD genetic state, because of the similar phenotype between celiacs and

CD-GFD patients.

It is noteworthy that KIAA1109 gene expression is over activated in
mucosal biopsies of CD-GFD patients and that in these patients it remains
higher than controls also at peripheral level, and comparable with that of
CD and Crohn. Is this case is very hard to hypothesize the role of this
(probable) endonuclease, what is clear is that the same behavior that we
checked for CD and Crohn in monocytes suggest us a reasonable

mechanism inflammation but not gliadin exposure dependent.

Conversely, for c-REL, SH2B3 and RGS1 at peripheral level we found a
different gene expression in CD compared with both controls and Crohn.
These findings are important mostly for c-REL genes, because we
demonstrated that, by virtue of the involvement of this protein in NF-xB
pathway, the inflammation impairment occurs not only at tissue target but
also at peripheral level. Regarding c-REL and SH2B3 we did confirm an
alteration also at intestinal mucosa level; conversely this is not true for
RGS1 gene, which expression is particularly altered in mucosa-derived
TCLs. It is important to highlight these findings because RGS1 gene
encodes a member of G protein signaling regulator family which is
probably involved in homing mechanism. In fact Rgsl’/' mice showed an
increased B cell movement from and towards lymph nodes (Han et al,,
2005) and an increased migratory response of dendritic cells after
chemokines stimulation (Shi et al., 2004). Interestingly in our studies,
RGS1 gene is down-regulated at basal level in celiac T cell clones, and its

levels become higher than controls after 3h-incubation with gliadin
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peptides but not with medium only: these findings demonstrate that (i)
RGS1 is directly regulated by gliadin peptides; (ii) CD patients have an

altered homing mechanism which should be deeper investigated.

Surprising, very positive results were from gene expression on
peripheral monocytes, so the second step of our work has been to use the
information provided from gene expression profile to build a prognostic
(and hopefully diagnostic) equation able to discriminate celiac type from
the control one. Using a discriminant analysis, here we demonstrate that
the expression of a small set of candidate genes in peripheral blood
monocytes can be used to correctly classify CD patients from controls and
from patients affected by Crohn disease, without considering HLA and
anti-tTG levels. In fact, the procedure we used resulted in a distance
between groups that is unusual with ordinary diagnostic tools (very low
Wilk’s lambda). We did not add anti-tTG antibodies or HLA data for each
individual because it is well recognized that the former has a very high
sensitivity and specificity, and the latter has a very high negative predictive
value. Since we reached a correct diagnostic classification in the validation
set (above 95%) by gene expression data only, we would have shown
overoptimistic estimate by adding the anti-tTG values. But, this should be
done in clinical practice in order to increase the sensitivity and the

specificity of the diagnosis when duodenal biopsy is not available.
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Chapter 2

Non-HLA genes and Celiac Disease:

Potential CD patients
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Chapter 2. Non-HLA genes and Celiac Disease: Potential CD patients

Backgroun and aim

Recently the clinical presentation of CD underwent substantial changes:
from classical malabsorption to light or absent symptoms associated to
moderate damage of intestinal mucosa. The term ‘potential CD’ was
assigned to individuals with proper DQ2 or DQ8, production of anti tTG,
normal small intestinal mucosa (Figure 10), classified as Marsh 0 (no
damage) or Marsh 1 stage (unspecific intra epithelial infiltration only).
These are also defined “serological positive cases” (Koskinen et al., 2008;
Kurppa et al., 2010). Potential patients suggest that the development of
adaptive anti-gluten immunity is not sufficient to develop villous atrophy.
This is supported by animal models showing that inflammatory gluten-
induced responses are not sufficient to develop mucosal lesions. Thus, we
can subgroup individuals into three groups: controls, patients who
developed antibodies but no intestinal lesions (MO and M1 potentials) and
patients with antibodies and villous atrophy (overt CD). Analyzing
differences among these subgroups may shed light into the genes
differentially involved in the development of adaptive gluten-induced
immunity and of the tissue lesions (different between potential and CD), as
well as genes involved in all steps of CD pathogenesis (different between

control and potential, and potential and CD).
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Figure 10: duodenal mucosa of a Potential CD patient.

We have a sizeable cohort of a living experimental model of CD:
intestinal production of anti-tTG antibodies but no specific mucosal
damage. The majority of these individuals have no symptoms and may be
grouped into low-medium-high anti-tTG producers, but all have a small
intestinal mucosa with normal villi/crypt ratio, none or moderate IEL
infiltration and normal epithelial layer. Over a prolonged follow up on
gluten containing diet only about 1/3™ develop mucosal damage, most
frequently not associated to symptoms (Tosco et al., 2011). The reasons
why potential CD do not show any degree of substantial mucosal damage,
albeit the presence of all the features of CD, is the question, whose answer

can contribute to the understanding of the pathogenesis of CD.

Our aim was to explore the presence of genetic and expression factors
that may differentiate potential patients from overt CD patients and

controls, in particular:

e To find a different distribution of HLA haplotypes;
e To evaluate if there is a different genotypic distribution of non-

HLA;
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e To confirm association results also in expression studies on

RNA extracted from intestinal biopsies.

e To understand if a correlation exists between genotype and

expression levels.

A further step was to evaluate if these analysis could be applied in order

to compare potentials CD cases which developed and those which not

developed villous atrophy after a three years-follow up program (Tosco et

al., 2011).

Methods

Subjects

1. 127 patients from southern Italy (median age 6 years and 6

months, range 18 months-16 years) were classified as ‘potential

CD cases’ on the basis of:

Increased levels of anti-tTG (IgA anti Human Tissues
Transglutaminase) and Anti-Endomisium positive. Serum
EMA and anti tTG IgA were detected by indirect
immunofluorescence and by enzyme-linked immunosorbent
assay (ELISA) technique using a kit based on human
recombinant antigen respectively (Eu-tTg IgA Kit, Eurospital,
Trieste).

Normal architecture of the small intestinal mucosa (Marsh 0
and Marsh 1 stages) on at least four mucosa samples, to
minimize the possible bias due to patchy lesions. Definition
of the stage of lesion was obtained by Marsh stages

modified by Oberhuber (Tosco et al., 2011).
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After a three years follow-up, 11 potential CD patients

developed villous atrophy.

2. To evaluate the HLA related risk haplotypes, the 127 potential
cases were compared to a set of 311 overt cases from the same
population described above and reported in Bourgey et al
(Bourgey et al., 2007).

3. To evaluate non-HLA related risk alleles, a cohort of 643 overt
CD cases, and 711 controls were compared to the 127 potential
CD patients: in particular, genotyping of the candidate genes on
4927 locus was performed on a set of about 350 cases and about
450 controls from the above sample. All tested cases originated
from the same centre and the same geographical area in order
to minimize the bias due to the population stratification.
Controls were randomly selected from a DNA bank representing

the healthy population of the region.

Genotyping

HLA typing was performed using Eu-Gene Risk kit (EUROSPITAL, Trieste,
Italy). Cases were grouped into 5 HLA (double DQ2, DQ2 in trans, DQ2
single, DQ8 + DQB1*02, No DQ2or DQ8), as previously reported (Bourgey
et al., 2007; Margaritte-Jeannin et al., 2004).

Thirteen SNPs (rs6441961, rs17810546, rs1738074, rs917997,
rs2816316, rs1464510, rs2327832, rs842647, rs6822844, rs4374642,
rs13119723, rs1127348, rs6840978) were genotyped using TagMan
technology (Life Technologies, Foster City, CA) (Table 6). Reactions were
performed on 7900HT Fast Real-Time PCR System (Life Technologies,

Foster City, CA) in a volume of 20 uL, containing SNP master mix, TagMan
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assays and about 50 ng of genomic DNA template. Each plate also

contained genotyping controls (4 duplicates of 4 CEPH DNA).

Chr Gene SNP

1 RGS1 rs2816316
2 IL18RAP rs917997
2 REL rs842647
3 SCHIP rs17810546
3 LPP rs1464510
3 CCR rs6441961
4 rs1127348
4 KIAA1109 | rs13119723
4 rs4374642
4 L2 rs6822844
4 iL21 rs6840978
6 OoLIG3 rs2327832

6 TAGAP rs1738074
Table 6. SNPs analyzed in our cohort

Statistical Analysis

Frequencies were compared by the x° test with 0.05 probability of the
null hypothesis. Skewed variables were log transformed when required.
Expression data were compared by a signed Rank test for independent
samples. Data analysis was performed using: Prism (GraphPad Software,

San Diego, CA), SPSS 15 (SPSS Inc., Chicago, IL, USA) and Haploview 4.1.

Results

HLA typing

The HLA genotype of 127 potential CD cases was compared to that of
311 Celiacs previously reported by us (Bourgey et al., 2007) (Table 7 and
8).
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Haplotype

HLA DQA1-DQB1 Linkage DR Allele
DQ2.5 DQA1*05-DQB1*0201 DR3
1,
./2 baz DQA1*02-DQB1*0202 DR7
in trans
1,
/2. DC.)“Z DQA1*05-DQB1*03 DR5
in cis
D@8 DQA1*0301-DQB1*0302 DR4
DQX ALTRE DRX

Table 7. HLA haplotypes associated with CD.

DQ DRin linkage HLA risk Group
DQ2.5/DQ2.5 DR3/DR3

DQ2.5/DQ2.2  DR3/DR7 Group 1

DQ7/DQ2.2 DR5/DR7 Group 2

DQ2.5/DQ7 DR3/DR5

DQ2.5/DQ8 DR3/DR4 Group 3

DQ2.5/DQX DR3/DRX*

DQ2.2/DQ2.2 DR7/DR7

DQ2.2/DQ8 DR7/DR4 Group 4

DQ8/DQ8 DR4/DR4

DQ2.2/DQX DR7/DRX’

DQ7/DQ7

DQ7/DOX DR5/DR5 Group 5
DR5/DRX*

(more frequent)
X* different from 3, 4,5, 7
Table 8. Classification according to the HLA genotype (Bourgey et al., 2007). DQ2.5 -
DQA1*05 — DQB1*0201; DQ2.2 -> DQA1*02 - DQB1*0202; DQ7 > DQA1*05 -
DQB1*03; DQ8 - DQA1*0301 — DQB1*0302

Potential CD less frequently belong to high risk classes, while they show
more frequently very low or moderate HLA-related risk (Figure 11). We
found a significant HLA distribution in Potential CD cases versus celiacs
(x°=48.42 p<0.001). When we compared the HLA risk between MO and M1
potential cases we did not observe any difference (x> =1.92; p=0.75, data
not shown). Cases who developed small intestinal atrophy during follow
up did not show an HLA distribution different from those who remained

potential ()(2 =5.17; p=0.27, data not shown).
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Figure 11. Distribution of HLA haplotypes in Potential CD and CD cases according to
the risk groups described in Bourgey et al, 2007 (Bourgey et al., 2007).

Eight candidate genes SNPs genotype and allele distribution

Hunt et al. (Hunt et al., 2008) reported 8 new CD risk loci, located on
different chromosomes. Although we know that the size of the sample of
the potential CD has no sufficient power to differentiate the
polymorphism’s distribution, we found significant results in the genotype
and allele distribution when we compared Potential CD versus controls and
CD cases.

From a genotypic point of view, Potential CD show a different
distribution of the SNPs located in c-REL and CCR genes versus control;
seven out of 8 SNPs, showed no significant differences between potential
and CD cases in their genotype distribution, but there was a significant

difference of the SNP in c-REL gene also in this case (Table 9).
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Controls Potential CD e p value CD cases Potential CD X p value

RGS1 AA 483 (68,6%) 88 (69.3%) 463 (72,7%) 88 (69.3%)
(rs2816316) 193 (27.1%)  35(27.6%) 032  0.85  166(26.1%) 35(27.6%) 2.67  0.26
. (] . 0 . (] . (]
CC  30(4.2%) 4(3.1%) 8 (1.3%) 4(3.1%)
IL1SRAP AA 42 (5.9%) 7 (5.5%) 41 (6.4%) 7 (5.5%)
(rso17907) "G 246 (34.6%) 50(39.4%) 1.07 058  227(35.6%) 50(39.4%) 0.69 0.71
GG  423(59.5%) 70 (55.1%) 369 (57.9%) 70 (55.1%)
Lpp AA 108 (15.2%) 28 (22.0%) 152 (23.9%) 28 (22.0%)
AC 362(50.9%) 70(55.1%) 7.58  0.02  324(50.9%) 70(55.1%) 0.77  0.68
(rs1464510)
CC  241(33.9%) 29 (22.8%) 161 (25.3%) 29 (22.8%)
oLG3 AA 480 (67.7%) 84 (66.7%) 399 (63.6%) 84 (66.7%)
(s2327832) NG 292 (28.5%) 37(29.4%) 0.05 098  208(33.2%) 37(29.4%) 081 067
GG  27(3.8%) 5 (4.0%) 20 (3.2%) 5 (4.0%)
TAGAP AA  125(17.6%) 26 (20.5%) 144 (22.6%) 26 (20.5%)
(s1738074) °© 354 (49.9%) 61(48.0%) 0.6 074  305(47.9%) 61(48.0%) 036 0.84
GG 231(32.5%) 40 (31.5%) 188 (29.5%) 40 (31.5%)
CREL AA 404 (56.8%) 62 (48.8%) 359 (56.4%) 62 (48.8%)
(rsgazea7) G 272 (38.3%) 50(39.4%) 9.84  0.01  249(39.1%) 50(39.4%) 10.8  0.01
. (] . (] . (] . (]
GG 35(4.9%) 15 (11.8%) 29 (4.6%) 15 (11.8%)
R AA  99(13.9%)  25(19.7%) 120 (18.8%) 25 (19.7%)
(rsaa1961) "C 318 (44.7%)  66(52.0%) 8.28 <0.01 293 (46.0%) 66(52.0%) 2.29  0.32
GG 294 (41.4%) 36 (28.3%) 224 (35.2%) 36 (28.3%)
SCHIPL AA 610 (85.8%) 102 (80.3%) 526 (82.6%) 102 (80.3%)
(rs17810546) G 92(12.9%)  23(18.1%) 256 028  106(16.6%) 23(18.1%) 092  0.63
GG 9(1.3%) 2 (1.6%) 5 (0.8%) 2 (1.6%)

Table 9. Genotypic distribution of 8 non-HLA SNPs in Potential CD versus controls and
celiac cases.

By the analysis of the allele distribution, we found that both LPP*A, c-
REL*G, and CCR*A alleles were significantly associated to potential cases
compared to controls (Table 10). Only c-REL*G allele was significantly
associated with potential cases when compared to CD cases (Table 10).
Although RGS1 and CCR produced an interesting difference (in term of x2
which is 1.31 and 1.61 respectively), they could not reach the statistical

significance (Table 10).
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Potential CD and controls

Pot CD MAE Odds ratio
SNP locus A1 A2 °¥eS potco VAR P (95%
Controls controls value confidence
Ratios cases interval)
rs2816316 RGS1 A C 214:44, 0.17 0.18 0.08 0.77 1.05 (0.74-1.50)
1169:253
rs917997 ILILBRAP G A 193:65, 0.25 0.23 0.48 0.49 0.90 (0.66-1.22)
1092:330
129:129,
rs1464510 LPP C A 844:578 0.50 0.41 7.84 0.01 0.68 (0.52-0.89)
rs2327832 OLIG3 A G 207:49, 0.19 0.18 0.17 0.68 0.93 (0.66-1.31)
1162:256
rs1738074 TAGAP G A 143:115, 0.44 0.42 0.37 0.54 0.92 (0.70-1.20)
816:604
rs842647 c-REL A G 178:80, 0.31 0.24 5.62 0.02 0.70 (0.53-0.94)
1080:342
139:119,
rs6441961 CCR G A 906:516 0.46 0.36 8.99 <0.01 0.66(0.51-0.87)
rs17810546  SCHIP1 A G 231:27, 0.10 0.08 2.17 0.14 0.72 (0.46-1.12)
1312:110
Potential CD and CD cases
Pot CD Odds ratio
cases. MAF MAF 2 P (95%
SNP Locus Al A2 Pot CD cD X .
CD cases value confidence
Ratios cases cases interval)
rs2816316 RGS1 A C 214:44, 0.17 0.14 1.31 0.25 0.81 (0.56-1.16)
1092:182
rs917997 IL18RAP G A 193:65, 0.25 024 0.0 0.75 0.95(0.70-1.29)
965:309
129:129,
rs1464510 LPP C A 646:628 0.50 0.49 0.04 0.83 0.97 (0.74-1.27)
rs2327832 OLIG3 A G 207:49, 0.19 0.20 0.05 0.82 1.04 (0.74-1.46)
1008:248
143:115,
rs1738074 TAGAP G A 0.44 0.46 0.34 0.56 1.08 (0.83-1.42)
681:593
rs842647 c-REL A G 178:80, 0.31 0.24 5.43 0.02 0.71 (0.53-0.95)
967:307
139:119,
rs6441961 CCR G A 741:533 0.46 0.42 1.61 0.20 0.84 (0.64-1.10)
rs17810546  SCHIP1 A G 231:27, 0.10 0.09 0.47 0.49 0.84 (0.55-1.33)
1158:116

Table 10. Allelic distribution of 8 non-HLA SNPs in Potential CD versus controls and
celiac cases.

None of the candidate genes distinguished between MO and M1
potential cases. MO Potential CD cases were not different from controls,
except for the CCR gene. M1 patients reinforced the significant differential
distribution of the c-REL genotype when compared to CD: again the GG
genotype was about three times more frequent in M1 patients compared

to CD patients. The same trend, with good statistical significance, is
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observed between M1 potential and controls not only for c-REL but also

for LPP gene (Table 11).

Potential Potential MO/Controls M1/CD M1/Controls
Controls CD cases 2 2 2
Mo M1 X P X P X p
AA 404 26 33 359
(56.8%) (47.3%) (47.8%) (56.4%)
c-REL 272 24 26 249
rssa2647) PC (38.3%) @se%) (7% (39.0%) | 291 023 | 1198 <0.01 | 109 <001
GG 35 5 10 29
. 0 . 0 . 0 . 0
(4.9%) (9.1%) (14.5%) (4.6%)
AA 99 11 9 120
(13.9%) (23.4%) (15.8%) (18.8%)
CCR 318 24 30 293
(rs6441961) AG (44.7%) (51.1%) (52.6%)  (46.0%) 612 004 ] 1.20 055 ) 422 012
GG 294 12 18 224
(41.4%) (255%)  (31.6%)  (35.2%)
AA 108 12 15 152
(15.2%) (21.8%) (21.7%) (23.9%)
LPP 362 28 40 324
(rs1464510) A€ (s0.9%)  (50.9%)  (58.0%)  (s0.9%) | 210 035 135 051588 0.05
cc 241 15 14 161
(33.9%) (27.3%) (20.3%) (25.3%)

Table 11. Comparison between cases with completely normal mucosa (MO0) and those
with infiltrated mucosa (M1).

The eleven cases which developed small intestinal atrophy during follow
up did not show an allelic and genotypic distribution different from those
who remained potential, maybe because of the sample size that was too

small to evaluate differences.

Five Candidate SNPs on the 4q genomic region

The 4927 region, among non-HLA genes, is the one resulted to be
associated with CD in all GWAs and replications performed until now.

Despite the limited sample size we found that three SNPs in the 4q
genomic region showed significant differences between controls and
potential CD patients (rs4374642, rs13119723 and rs6840978) in their
genotype distribution. In addition, we found also significant differences
between potential CD and CD patients for three SNPs (rs4374642,

rs13119723 and rs6822844) (Table 12).
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Potential 2 p Potential 2 p
Controls D X value CD cases D X value
4
cc (1.2%)
KIAA1109 63 . 53 9
(rs4374642) cT (14.2%) 9 (7.1%) 452  0.03 (15.3%) (7.1%) 7.22 0.03
T 381 118 290 118
(85.8%) (92.9%) (83.6%) (92.9%)
AA 397 104 290 104
(88.6%) (81.3%) (84.1%) (81.3%)
KIAA1109 48 21 55 21
(rs13119723) AG (10.7%) (16.4%) .99 0.05 (15.9%) (16.4%) 816 0.02
3 3 3
66 (0.7%) (2.3%) (2.3%)
cc 16 8 9 8
(3.6%) (6.3%) (2.6%) (6.3%)
KIAA1109 122 37 103 37
(rs1127348) cr (27.5%) (29.1%) 205036 (30.3%) (29.1%) 351017
T 205 82 228 82
(68.8%) (64.6%) (67.1%) (64.6%)
G 358 103 267 103
(80.1%) (79.8%) (81.9%) (79.8%)
IL2/IL21 82 23 59 23
(rs6822844) T (18.3%) (17.8%) 035 084 (18.1%) (17.8%) 7.61  0.02
7 3 3
T (16%) (2.3%) (2.3%)
cc 363 85 222 85
(81.6%) (72.0%) (76.8%) (72.0%)
IL21 82 29 65 29
(rs6840978) O | (18.4%)  (246%) 179% <001 1 osk  (aew 4 010
T 4 2 4
(3.4%) (0.7%) (3.4%)
Table 12. Association results for 5 celiac non-HLA risk variants, located on 4¢27 locus.

Although rs1127348 and rs6840978 produced an interesting difference

between CD cases and Potential CD (in term of x2 which is 3.51 and 4.5

respectively), they could not reach the statistical significance (Table 12).

The rs4374642, rs13119723 and rs6840978 SNPs, respectively, were

significantly associated when Potential CD cases were compared to

Controls. In contrast, only the rs4374642*T was the risk allele associated

with potential cases when compared to CD cases (Table 13).
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Potential CD and Controls

E:i:f MAF MAEF Odds ratio
SNP Locus Al A2 ’ Pot CD ? (95% confidence
Controls Controls value X
. cases interval)
Ratios
2499,
rs4374642 KIAA1109 T C 823:63 0.03 0.07 4.44 0.03 2.12 (1.04-4.32)
229:27,
rs13119723 KIAA1109 A G 832:54 0.10 0.06 5.97 0.01 0.55 (0.34-0.89)
201:53,
rs1127348 KIAA1109 T C 0.21 0.17 1.61 0.20 0.80 (0.56-1.13)
732:154
228:28,
rs6822844 IL2/1L21 G T 796:96 0.11 0.10 0.01 0.94 0.98 (0.63-1.53)
199:37,
rs6840978 1L21 C T 802:82 0.16 0.09 8.04 <0.01 0.55(0.36-0.83)
Potential CD and CD patients
'Z::-:.B MAF MAF 0dds ratio
SNP Locus Al A2 ! Pot CD cD Y P (95% confidence
CD cases value .
- cases cases interval)
Ratios
249:9,
rs4374642 KIAA1109 T C 622:58 0.03 0.08 7.17 0.01 2.58 (1.26-5.29)
229:27,
rs13119723 KIAA1109 A G 604:54 0.10 0.08 1.25 0.26 0.76 (0.47-1.23)
201:53,
rs1127348 KIAA1109 T C 0.21 0.18 1.10 0.29 0.82 (0.58-1.18)
552:120
228:28,
rs6822844 IL2/1L21 G T 592:58 0.11 0.09 0.87 0.35 0.79 (0.49-1.28)
199:37,
rs6840978 IL21 C T 503:69 0.16 0.12 1.92 0.17 0.74 (0.48-1.14)

Table 13. Association results of non-HLA SNPs Alleles, located on chromosome 4q27.

Cases which developed small intestinal atrophy during follow up did not

show an allelic (Table 14) and genotypic (data not shown) distribution

different from those which remained potentials.
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Potential CD which develop villous atrophy and still Potential CD cases

Pot CD with Plc\:ltl-\(fD “S,Itl;\l:: , p Odds ratio
SNP Locus Al A2 atrophy, . . (95% confidence
Still Pot Ratios with Potential value interval)
atrophy CcD

rs2816316 RGS1 A C 16:6, 195:37 0.27 0.15 1.83 0.17 0.51 (0.18-1.38)
rs917997 IL18RAP G A 18:4,172:60 0.18 0.25 0.63 0.43 1.57 (0.51-4.82)
rs1464510 LPP A C 12:10, 114:118 0.45 0.49 0.23 0.63 1.24 (0.52-2.99)
rs2327832 OLIG3 A G 14:8, 191:39 0.36 0.16 498 0.02 0.36 (0.14-0.91)
rs1738074 TAGAP G A 13:9, 128:104 0.40 0.44 0.12 0.72 1.17 (0.48-2.85)
rs842647 c-REL A G 15:7,159:73 0.31 0.31 0.01 0.97 0.98 (0.38-2.52)
rs6441961 CCR G A 14:8, 124:108 0.36 0.46 0.84 0.36 1.52 (0.61-3.78)
rs17810546  SCHIP1 A G 20:2,207:25 0.09 0.10 0.06 0.80 1.21(0.27-5.48)
rs4374642 KIAA1109 T C 22:0, 219:9 0.00 0.03 090 034 1.95 (1.10-34.61)
rs13119723  KIAA1109 A G 21:1, 204:26 0.04 0.11 096 033 2.67 (0.34-20.74)
rs1127348 KIAA1109 T C 18:4,179:49 0.18 0.21 0.13 072 1.23 (0.40-3.81)
rs6822844 IL2/IL21 G T 21:1,204:26 0.04 0.11 096 033 2.68 (0.34-20.74)
rs6840978 IL21 C T 14:2,182:34 0.12 0.14 0.12 073 1.31(0.28-6.02)

Table 14. Association results of 13 non-HLA SNPs alleles.
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Discussion

This work attempts to explore the genetic profiles of potential Celiac
patients, characterized by a positive serology and undamaged small
intestinal mucosa: they appear to be associated to different genetic risk

factors compared with CD patients and controls.

Potential CD have a HLA-related CD risk significantly lighter than that of
CD cases; no difference in HLA profile was observed between M0 and M1
potential patients, neither between the cases who developed full blow
disease and those who remained potential after a three years follow-up.
It’s important to note that potential patients without the classical DQ2 or
DQ8 heterodimers (HLA risk group 5) were double in potential (18.0%)
than in classical celiacs (9.0%), but they produced antibodies against
Human anti-tTG, with positive Endomysial antibodies, in some cases as
much as CD cases with proper DQ2.5 heterodimer. In addition we could
find no discrimination on the outcome between the DQ2/DQ8 carriers and

those who carried only half of the heterodimers.

We identified six polymorphisms suggestive to be differently distributed
between controls and potential CD: in particular those in KIAA1109, IL-21,
LPP, c-REL and CCR genes. We suppose that these factors are implicated at
some stages of CD pathogenesis, and that, as for HLA, there may be a

“gene-dosage effect”.

We are interested especially in c-REL gene, a subunit of the NF-«xB
complex, crucial for the regulation of this major nuclear factor for the
innate and adaptive immunity. Our group produced consistent evidence of
the very early involvement of NF-kB mechanism in the gliadin-induced
innate immune response in CD (Maiuri et al., 2003): NF-kB is constitutively
active in intestinal mucosa of patients with untreated CD and reverts to

normal values when gluten is removed from the diet. On these basis we
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think that sustained activation of NF-xB in intestinal mucosa of CD patients
leads to prolonged induction of inflammatory genes expression and

thereby perpetuates the chronic inflammatory process.

Potential patients have most of the features of CD patients: they have
similar genes, produce the same antibodies but they lack the final
destructive phase of the gluten induced immunoresponse, the cytotoxic
destruction of small intestinal mucosa. No clinical, serological or
histological features could distinguish MO from M1 patients up to now
(Tosco et al., 2011), for the first time we can speculate that potential CD
are a mixture of two populations, with different non-HLA genetics and

significant differential expression of some candidate genes.

Those potential cases who developed full blow mucosal damage on
follow up, did not show any of the time 0 serologic markers worse than
those who remained potential over a prolonged follow up. Similarly no
genetic polymorphism, including HLA, could predict the outcome of these
potential cases. We observed the same distribution of the HLA as well as of

the non-HLA genes in the cases who eventually become full blown celiacs.

The limit of this study is the relatively short follow up time of this
cohort: up to now it was not possible to identify any marker (clinical,
environmental, serological or genetic) that could help to predict the time
of conversion from predisposition to the disease. In conclusion we cannot
state that the cohort of potential celiacs who have again shown an
undamaged intestinal mucosa after 4 to 6 years of follow up, will not
eventually develop it later in life. We can only observe that this group did
not developed the full blown disease after 4-6 years. But the genetic and
expression features point to the existence of a peculiar molecular profile,
that may help to identify cases who do not have the complete molecular

repertoire to develop the disease. They may indeed be considered a live
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biological model of CD pathogenesis, where the process is, for some time

or even forever, interrupted just before the final destructive phase.
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Chapter 3

Non-HLA genes and Celiac Disease:

A Family study
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Chapter 3. Non-HLA genes and Celiac Disease: A Family study

Background and aim

Since several studies showed an elevated prevalence of Celiac Disease
(CD) in sibs of CD patients, our group previously evaluated the CD risk in
sibs of CD patients (Bourgey et al., 2007). The study included a cohort of
188 Italian families, composed by CD probands, at least one sib and both
parents and permitted to classify people in five different group of risk

according to HLA genotype (Table 8).

The evidence of a strong genetic component is suggested by a
remarkable familiar aggregation: the prevalence of CD is, in fact, 10 times
higher in first degree relatives (~10%) than in the whole population (1%)
(Bonamico et al., 2006; Bourgey et al., 2007; Mustalahti et al., 2010) and a
very high concordance (>80%) is found in monozygotic twins (Greco et al.,

2002).

In the field of complex diseases, particularly in CD, great attention is
now paid to use the available genetic data to predict the risk of disease in
asymptomatic individuals and to support the diagnosis in ambiguous cases.
Although it was described that non-HLA genes improve the ability to
identify individuals at high risk the increased prediction ability by genetics
only seems still modest in the general population (Romanos et al., 2009).
However the use of non-HLA genes in the disease risk prediction in CD sibs

has not yet been fully explored.

The aim of this study was to develop a genetic risk model for CD using
HLA and non-HLA risk alleles. For this study, we analysed families
previously recruited (Bourgey et al., 2007) to evaluate the CD risk in sibs of
children with CD. In fact, the study includes a cohort of 188 Italian families,

composed by a CD proband, at least one sib and both parents. Preliminary
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data show that at least one non-HLA risk allele increases the risk of CD.

This effect can be added in an additive model to HLA risk.

We aim to significantly improve the identification of subjects at risk to
develop CD by modeling the HLA risk with the newly discovered genetic
profile in order to improve the accuracy in prediction. When this goal is
reached, families with one case will know, with reliable accuracy, the
individual risk of a newborn and will be able to anticipate the onset of the
clinical phenotype by a simple point-of-care tests. After families the model
might well be extended to populations, in the frame of national policies to

screen for genetic predispositions to diseases.

Methods

Family Samples

A cohort of CD families was recruited in a previous study (Bourgey et
al., 2007). Families included a symptomatic CD patient (hereafter referred
as the proband), both parents and at least one sib with known outcome
(for a total of 183 probands, 366 parents and 249 sibs); all probands, as
well as the new cases, were diagnosed according to the European Society
of Paediatrics Gastroenterology and Nutrition (ESPGHAN) criteria (Husby
et al., 2012). Among the 249 sibs, 33 resulted to be affected over a 6 years

follow up program.

All individuals were grouped into five decreasing risk classes according
to their HLA genotype: very high (>20% with two copies of DQ2.5, or
DQ2.5/DQ2.2 Group 1), high (15-20% with DQ2.2/DQA105, Group 2),
intermediate (10-15% with one copy of the DQ2.5 heterodimer, Group 3),
moderate (1-10% with a double copy of DQ8 or DQ2.2/DQ8, or double
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copy of DQ2.2, Group 4) or negligible (<1%, with other genotype, Group 5)
(Table 8).

The informed consent was obtained from all participants and from both
parents for children. The research was approved by the Ethics Committee
of the School of Medicine, University of Naples “Federico II” and was

according to principles of the Helsinki Il declaration.

Non-HLA Single Nucleotide Polymorphisms (SNPs) typing

The 798 patients were genotyped for 10 non-HLA SNPs associated with
CD: rs6441961 on 3p21 (CCR1/CCR3), rs17810546 and rs9811792 on 3qg25-
26 (IL12A/SCHIP1 and IL12A), rs1738074 on 6925 (TAGAP — T cell
activation GTPase activating protein), rs2816316 on 1g31 (RGS1 -
Regulator of G-protein signaling 1), rs1464510 on 3q28 (LPP — Lipoma
Preferred Partner), rs2327832 on 6g23.3 (OLIG3), rs842647 on 2pl6.1
(REL), rs6822844 on 4q27 (IL2/IL21), rs3184504 on 12924 (SH2B3).
Genotyping reactions were performed using TagMan®SNP Genotyping
Assays on a 7900HT Fast Real-Time PCR System (Applied Biosystems,
Foster City, CA, USA); the final volume was 5 pL, containing master mix,
TagMan assays and about 60 ng of genomic DNA template. All 384 well
plates were filled using Biomek® FX (Beckman Coulter, Indianapolis, IN,
USA). Allelic Discrimination results were analyzed through the SDS

software ver. 2.3.
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Analysis strategy and statistics

In order to develop the model we splitted the sample into a training and
a testing set. In the training set, composed by probands and their
unaffected parents, called trios, we evaluated which SNP was associated
with the disease, independently from the HLA haplotype. Twenty-six CD
families were excluded because they did not meet the requirements for
the analysis (e.g. there was an affected parent or patients had an
incomplete genotyping), so the training set was composed by 157 trios

(Figure 12).

SAMPLE

O

T
*5S

¥ 4 %
Training Set Testing Set

Figure 12. Study design: the family set was splitted in a Testing set — 157 trios
composed by the 157 probands and their unaffected parents — and a Training set — 252
sibs of the probands.

As control haplotypes we considered the haplotypes carried by parents
and not transmitted to the affected probands, as they could be
representative of the haplotypes in the general population, from which
cases are originated. The frequencies of HLA and non HLA haplotypes in

controls were estimated by the AFBAC (Affected Family Based Controls)
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method implemented in the MASC software tool (Thomson, 1995).To
evaluate the association of the SNPs with the disease, we performed a
Transmission Disequilibrium Test (TDT) by using the trio package ver.
1.1.15 for R statistical computing software ver 2.11.2. This method is based
on multivariate logistic regression. We considered: dominant, the
heterozygote genotype when it had the same risk effect of the high risk
homozygote genotype; recessive, the heterozygote genotype when it had
the same risk effect of the low risk homozygote genotype; additive, the
heterozygote genotype when it had a risk effect intermediate between the
two homozygote genotypes. Firstly, we evaluated the monovariate
association between each SNP and the disease. Secondly, among those
resulted to be significantly associated with CD, we evaluated the SNP-SNP
interactions by the logistic regression model. Finally, the interaction
between significant SNPs and HLA groups was verified by an interaction

test.

To evaluate the joint effect of HLA and SNPs to influence the risk to
develop CD in sibs, we applied a Bayesian approach, focusing only on those
SNPs resulted significantly associated with CD at TDT analysis. Usually
Bayes' revision of probabilities allows the computation of an individual
probability of an event given the a priori data from the general population
where the patient comes from. We arbitrarily selected an a priori
probability of 0.5, because in our situation we could not apply the Bayes’
revision of probabilities and obtain an a posteriori risk of CD in sibs. Indeed
the estimated 10% of CD risk in first grade relatives also account for the
role of genetics, therefore it cannot be used as an a priori probability to
calculate the a posteriori probability, after considering the risk conferred

by genetic factors (SNPs).

Firstly we considered the different frequencies of HLA genotypes in

probands and controls and secondly the non-HLA SNPs genotypes
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frequencies. According to the Bayesian approach, in each run we used the
score obtained in the previous step as the new a priori value for the
following step. By this approach, it was possible to assign to HLA only or to
each combination of HLA plus LPP, RGS1 and REL SNPs genotypes a
Bayesian Score (BS). Secondly, we assigned to each sib (testing set) a BS in
dependence of the specific HLA-SNPs genotype combination found. We
arbitrarely established the median BS as discrimination threshold between
low and high risk sibs and evaluated how affected and unaffected sibs

were distributed.

Results

SNPs evaluation and computation of the Bayesian Score

All individuals were typed for 10 CD associated SNPs (Dubois et al.,
2010) and the TDT test was performed on results obtained from 157 trios
of the training set (Figure 12). Three out of ten investigated SNPs
(rs1464510 in LPP, rs842647 in REL and rs2816316 in RGS1 genes) were
significantly associated with CD (Table 8). In particular: rs1464510 in LPP
gene showed a strong association (p<0.001) according to an additive
model, whereas, both rs2816316 in RGS1 and rs842647 in REL genes were
also significantly associated (respectively p=0.025 and p=0.034), by a

recessive model (Table 15).
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SNP Gene Model AR"'::‘G OR (95% Cl) p value
rs1464510 LPP Additive A 2.36 (1.64-3.41) <0.001
rs2816316 RGS1 Recessive A 1.75 (1.07-2.86) 0.025
rs842647 REL Recessive A 1.66 (1.04-2.65) 0.034
rs2327832 oLIG3 Additive G 1.35 (0.90-2.03) 0.150
rs6441961 CCR1/CCR3 Additive A 1.24 (0.89-1.72) 0.189
rs6822844 IL2/1L21 Additive C 1.43 (0.82-2.49) 0.210
rs1738074 TAGAP Dominant A 1.31(0.79-2.16) 0.293
rs3184504 SH2B3 Additive A 1.19 (0.86-1.63) 0.294

rs17810546 IL12A Additive G 1.10 (0.80-1.51) 0.572
rs9811792 IL12A/SCHIP1 Dominant G 1.10 (0.59-2.05) 0.753

Table 15. Genotypic Transmission Disequilibrium Test (TDT) results.

The other seven investigated SNPs, even if not statistically associated

with CD, showed always an higher frequency of the previously reported

risk alleles (Dubois et al., 2010) in affected subjects than in controls.

Table 16. allelic frequencies observed in Training set (Trios). *Associated allele.

Training set

Probands Parents
A¥* 0.52 0.43
LPP C 0.48 0.57
A 0.76 0.79
oLIG3 G* 0.24 0.21
A¥* 0.88 0.85
RGS1 C 0.12 0.15
A¥* 0.77 0.75
REL G 0.23 0.25
A¥* 0.55 0.53
SH2B3 G 0.45 0.47
A¥* 0.41 0.39
CCR G 0.59 0.61
A 0.09 0.11

L2/I1L21
L2/ Cc* 0.91 0.89
A 0.57 0.58
IL12A G* 0.43 0.42
A* 0.42 0.41
TAGAP G 0.58 0.59
A 0.92 0.93
SCHIP1 G* 0.08 0.07

In order to evaluate the occurrence of HLA-SNP interaction, we

stratified the training set (Figure 9) according to the HLA risk group of the
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proband. No statistically significant interaction was found between HLA
and non-HLA genes (data not shown).

To compute the Bayesian Score (BS) we compared the frequency of
each HLA+SNPs genotype combination detected in probands and in
controls (Training set, Figure 9). Through this approach we obtained a BS

for each HLA+SNPs genotype combination (data not shown).

Validation of the BS and testing of a classification model

The validation set (Figure 12) was composed by the sibs of the
probands, both affected (n=29) and unaffected (n=220). In these subjects
we evaluated if HLA+SNPs genotyping could improve the identification of

CD risk in sibs better than HLA only.

We assigned to each sib, both affected and unaffected, the BS value
corresponding to his HLA+SNPs genotype combination as previously

calculated in the training set (Table 17).

Associated SNPs BS
e | REL | Rest | o | Grou | Group | Group
(rs1464510) | (rs842647) | (rs2816316) 1 ) 3 a 5
cC AG|GG AC|CC 0.66 0.63 0.32 0.30 0.04
cC AG|GG AA 0.74 0.73 0.42 0.39 0.06
cC AA AC|CC 0.71 0.69 0.38 0.35 0.05
cC AA AA 0.79 0.77 0.48 0.46 0.08
AC AG|GG AC|CC 0.81 0.80 0.52 0.49 0.09
AC AG|GG AA 0.87 0.86 0.62 0.60 0.13
AC AA AC|CC 0.85 0.84 0.58 0.55 0.11
AC AA AA 0.90 0.89 0.68 0.66 0.16
AA AG|GG AC|CC 0.91 0.90 * 0.69 0.18
AA AG|GG AA 0.94 0.93 0.79 0.77 0.25
AA AA AC|CC 0.93 0.92 0.76 0.74 0.22
AA AA AA 0.95 0.95 0.83 0.81 0.30

Table 17. Bayesian Score (BS) assigned to each HLA-SNPs genotype combination.
*The combination LPP*AA - REL*AG|GG - RGS1*AC|CC for HLA group 3 was not found
among our sibs’ cohort.
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We observed an increase of average BS values from HLA group 5 to HLA
group 1 and, within all 5 HLA groups we found an increase of the BS
corresponding to an increase of “A” alleles in the haplotype combination.
In order to identify sibs at high risk to develop CD, we distributed affected
and unaffected sibs on the basis of their BS (under or above median BS)

within each HLA group from G1 to G5 (Figure 13).
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Figure 13. Distribution of CD sibs based on their BS. Affected (n=29) and unaffected
(n=220) CD sibs were classified on the basis of their BS value < or 2 median BS within
each HLA group. Horizontal lines correspond to the median BS of all sibs in each HLA
risk-group (HLA Group 1 =0.90, HLA Group 2 = 0.86, HLA Group 3 = 0.62, HLA Group 4 =
0.60, HLA Group 5 =0.13).

Considering the distribution of all the sibs, it is evident that above the
median BS within each HLA group, there was always a larger number of
affected sibs than under the median: 72% (21/29) versus 28% (8/29).
Interestingly, 2/29 affected sibs that being at lower HLA risk (HLA group 4

and 5) could be misclassified, were correctly classified by their BS above
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the median. We calculated the Odds Ratio (OR) of CD classification based
on the BS, above or under the median, within each HLA group. CD sibs with
a BS value above the median, had more than two fold higher risk (OR)
compared to CD sibs with a BS value under the median (2.53, 95% C.I.:
1.68-3.39; p=0.047).

In our previous work, we estimated the HLA related risk to develop CD,
defining a risk range from 0.01 to 0.21 (Bourgey et al, 2007). To refine the
previous HLA based estimation of risk by this new approach we set the HLA
related mean risk as the a priori risk of the Bayesian Model. Having set the
HLA risk at the median level of the Bayesian Score, we produced a picture
of the variation of risk given by the non-HLA genes for each HLA class

(Figure 14).
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Figure 14. Refining the CD risk estimate. The picture shows the modification of the a
priori HLA related risk by the number of the at risk “A” alleles of the LPP, REL and RGS1
SNPs. From top to bottom lines correspond to HLA group 1 to 5.

It is remarkable that the addition of the 3 SNPs does modify the HLA

only risk through the 5 HLA risk classes, also in subjects with no DQ2
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neither DQ8 haplotype, where the increase in risk is significantly larger

than that observed in HLA risk classes.

The addition of only 3 SNPs to the HLA significantly improved the
prediction of CD risk in sibs, identifying, within a specific HLA group, those
individuals which are more likely to become celiacs. In fact, considering
HLA 1 and 2 as the highest risk groups (Bourgey et al., 2007), we calculated
the diagnostic characteristics of our proposed HLA+SNPs genotype
combination obtaining both an higher predictive negative value (NPV) and
an higher diagnostic sensitivity (DS) than HLA only, respectively 95% vs
91% (NPV) and 79% vs 45% (DS) (Table 18).

HLA risk groups 1-2 | HLA-SNPs genotype combination

Sensitivity 0.45 (0.27-0.64) 0.79 (0.73-0.84)
Specificity 0.71 (0.65-0.77) 0.54 (0.48-0.60)
NPV 0.91 (0.87-0.96) 0.95 (0.92-0.98)
PPV 0.17 (0.12-0.22) 0.19 (0.14-0.24)

Table 18. diagnostic characteristics of HLA and HLA-SNPs genotype combination.

Although the discovery of 39 polymorphism associated to CD improved
the estimation of the heritability of only 4-5% (Dubois et al., 2010), in this
Bayesian model the addition of only three SNPs of associated genes
improves the sensitivity of risk prediction of 34% compared to the HLA

only model.

The computation of the AUC of the ROC curve output a C statistic equal
to 0.70 for HLA and 0.73 for HLA+SNPs classifications, showing that the

inclusion of SNPs moderately improved the prediction ability.
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Discussion

In our previous work, we considered in CD families the risk to develop
the disease according to a specific HLA haplotypes, obtaining a risk range
from 0.01 to > 0.20 (Bourgey et al., 2007). In the present study we
evaluated the role of 3 non-HLA genetic markers to influence the CD risk in

first relatives of CD affected children.

We collected data on families with at least one CD-affected offspring.
This family set helped to evaluate the association between SNPs and CD
(TDT on parents-offspring trios) and to estimate the risk of CD in the other
sibs. The TDT design provides robustness to population stratification and
mitigation of the possible confounding effect of environmental factors,

because all family members share the same environment (Schaid, 1996).

Ten SNPs, selected from those previously found to be associated with
CD by GWAS (Dubois et al., 2010), were successfully genotyped. In our
population three SNPs resulted significantly associated with CD (those in
LPP, RGS1 and REL genes) and the other seven investigated SNPs, even if
not statistically associated with CD, showed always an higher frequency of

the previously reported risk alleles in affected subjects than in controls.

The three genes selected appear to be appealing for the pathogenesis
of CD. LPP (OR=2.36; p<0.001) was reported to be highly expressed in
small intestinal mucosa and may have a structural role at sites of cell
adhesion in maintaining cell shape and motility (Hunt et al., 2008). RGS1
(OR=1.75; p=0.025) belongs to a family of RGS genes. It attenuates the
signaling activity of G-proteins, blocking the homing of Intra Epithelial
Lymphocytes (IELs), and it is specifically expressed both in human small
intestinal mucosa and in murine IELs, key players in the development of
human CD villous atrophy (Hunt et al., 2008; Pennington et al., 2003). REL
(OR=1.66; p=0.034) is a subunit of NF-kB complex, implicated in T cell
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differentiation (Son et al., 2011) and it appears to be a key molecule
regulating inflammation and the switch from tolerance to autoimmunity
(Liou & Smith, 2011). It is interesting to note that our data confirm
previous pathogenic implications reported in the literature of these SNPs

with CD as well as with other autoimmune diseases (Abadie et al., 2011).

By the Bayesian approach we calculated a ranking score (BS) among the
sibs. However, it should be considered that BS is not a plain disease risk,
rather a method to rank different genotypes according to their
contribution to individual susceptibility to CD. For instance, some of our BS
are very near to 1, nevertheless none of the considered genotypes could
give a 100% risk to develop the disease. In other terms, we considered the
BS as a ranking measure, only stating that a given genotype could assign a
higher risk than another genotype but does not allow a quantitative
measure of the risk difference (2-fold, 3-fold, etc). However, even if the
addition of only 3 SNPs to HLA could be considered at “minor effect”, we
demonstrated that they could significantly improve the prediction of CD
risk in sibs, in terms of diagnostic sensitivity and negative predictive value.
So, in a cohort of CD families, our data confirm that non-HLA SNPs
evaluation is an useful diagnostic tool in CD risk evaluation as a previous

study showed in CD unrelated subjects (Romanos et al., 2009).

CD, on the basis of the actual knowledge, cannot be exactly predicted
by genetic testing, but a reliable probabilistic method might be associated
to careful surveillance of infants carrying the higher risk. This will help to
significantly reduce the heavy load of anxiety and pain associated with the
appearance of symptoms of CD, by anticipating, with simple serological

tests, the clinical appearance of the disease.
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To improve the possibility to identify high risk patients in CD families we
propose in alternative to the classical HLA classification (Figure 11) a slight

improved flow-chart (Figure 12).

Sibs of an
affected
child

Figure 11. Classification flow-chart. The classical HLA-based classification.
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Figure 12. The proposed BS-based classification considering the genotypes of HLA
plus LPP, RGS1 and REL SNPs.
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1) HLA genotyping: subjects belonging to the HLA risk groups 1 and 2
will be classified as at high CD risk;

2) subjects belonging to the HLA risk groups 3 and 4, will be further
investigated for our SNPs combination (LPP, REL, RGS1) in order to
calculate their BS (Figure 12). Among these latter subjects those
with a BS > the median value will be classified at high risk;

3) subjects belonging to the HLA risk group 5 will be considered at low
CD risk. All CD familiars belonging to the above high risk groups
(HLA group 1-2 and HLA group 3-4 with BS > median) will be

undergo a strict surveillance.

One of the limitation of our family study could be the sample size, which
may have not allowed to explore genes at smaller effect, so explaining the
lack of association between SNPs in TAGAP, 1L2/1L21, OLIG3, CCR, SH2B3,
IL12A and IL12A/SCHIP1 genes with CD although the trend observed in
previous studies in unrelated CD patients was confirmed (Dubois et al.,
2010). In the main time the homogeneity of the genetic and environmental
domains in the tested families allows to explore risk factors within a
controlled cohort. A second limit of the study is the relatively short (6
years) follow up of the sibship, which could cause an underestimation of
the disease development at later ages. Our aim is to go on with the

monitoring of these families in the next years.

In conclusion, the estimate of the CD risk by HLA+SNPs approach, even
if not applicable to prevention, could be a precious tool improving CD
diagnosis respect to the only HLA (NPV: 95% vs 91%, and DS: 79% vs 45%),
in the cohort of first degree relatives. In fact in clinical practice the
absence of HLA risk groups 1 or 2, allows to exclude the disease with high
probability, while testing the three SNPs in HLA groups 3 or 4 could
represent a further tool to identify less frequent CD cases. So, an infant

with high HLA+SNPs score even if belonging to HLA low risk groups, shall
76



undergo a simple surveillance system to allow proper diagnosis and

treatment before the full blow disease appearing.
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General

Conclusions and Perspectives
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General conclusions and perspective

Our aim is to extract as many information as we can from the large
amount of data emerged from GWAs. Even though some research groups
are investing on this issue, the discovery of new associated genes does not
prove any pathogenic mechanism behind the development of CD. In fact
the rationale for GWAS is the ‘common disease, common variant’, where
common variant are those present in more than 5% of the population
(Manolio et al., 2009). For this reason, SNP chips or array cannot evaluate
deletion and duplication (carried by 8% of the general population) and
copy-number variation (CNV) inaccessible by most existing genotyping and
sequencing technologies. Furthermore Gene-Environment (GxE) or Gene-
Gene (GxG) interactions (Hindorff et al., 2009; Manolio et al., 2009), not to
mention the possible epigenetic and regulation (microRNA) effects (Eichler
et al., 2010; Slatkin, 2009), cannot be revealed by GWAS and despite their
ability to detect the role of genetic factors in complex diseases, literature
about this issue is still poor. Next generation sequencing technologies
could be performed in extreme phenotypes in order to identify other
associated variants, both common and rare. But again, the accumulation of
data from GWAs and from others investigation methods will lead, on the
long run, to consider genes associated to CD genes encoding proteins
involved in immunity and inflammation, describing the physiological cell
functions, without bringing new substantial data to rewrite the

pathogenesis of the disease.

It would be more appropriate to focus only on some of them, to be sure
that "making a list of genes" wasn’t seen in an un-useful way. During my
PhD training, my group and | tried to speculate in a critical way around the
non-HLA genes issue. For this reason my PhD thesis project is articulated at

various points.
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Firstly, we tried to improve the analyses of candidate genes analyzing
their expression profile and comparing the results obtained on mucosal
biopsies, peripheral monocytes and T-cell lines isolated from duodenal
mucosa: three different cell population with three different functions and
locations, in order to give a picture of the variation in the celiac type and
to correlate it with a model of CD pathogenesis. In this way we were able
to localize the role of these genes in one area rather than another. After
that, stimulated by the recently proposed discriminant analysis of celiac
gene expression as a promising diagnostic tool with which to distinguish
celiac mucosa from normal mucosa (Bragde et al.,2011), we evaluated the
diagnostic strength of this analysis on the gene expression data obtained
from peripheral blood monocytes. Our final aim was to provide a less
invasive alternative to duodenal biopsy as the only diagnostic tool for CD.
Using a discriminant analysis, we demonstrate that the expression of a
small set of candidate genes in peripheral blood monocytes can be used to
correctly classify CD patients from controls and from patients affected by
Crohn disease, without considering HLA and anti-tTG levels, because
otherwise the diagnostic power of our method could has been hidden by
the very high sensitivity and specificity of the former and the very high

negative predictive value of the latter.

Speaking in an over-optimistically way, this should be done in clinical
practice in order to increase the sensitivity and the specificity of the

diagnosis when duodenal biopsy is not available.

Secondly, we aimed to investigate the non-HLA genetics of Potential CD
patients. The term ‘potential CD’ was assigned to individuals with proper
DQ2 or DQ8, production of anti-tTG, normal small intestinal mucosa,
classified as Marsh 0 (no damage) or Marsh 1 stage (unspecific intra
epithelial infiltration only). These are also defined “serological positive

cases” (O. Koskinen et al., 2008; Kurppa et al., 2010). Potential patients
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suggest that the development of adaptive anti-gluten immunity is not
sufficient to develop villous atrophy. This is supported by animal models
showing that inflammatory anti-gluten responses are not sufficient to
develop mucosal lesions. Thus, we can subgroup individuals into three
groups: controls, patients who developed antibodies but no intestinal
lesions (MO and M1 potentials) and patients with antibodies and villous
atrophy (overt CD). Analyzing differences among these subgroups may
shed light into the genes differentially involved in development of adaptive
anti-gluten immunity (different between control and potential) and tissue
lesions (different between potential and CD), as well as genes involved in
all steps of CD pathogenesis (different between control and potential, and

potential and CD).

Potential patients have most of the features of CD patients: they have
similar genes, produce the same antibodies but they lack the final
destructive phase of the gluten induced immunoresponse, the cytotoxic
destruction of small intestinal mucosa. No clinical, serological or
histological features could distinguish MO from M1 patients up to now
(Tosco et al., 2011). For the first time we can speculate that potential CD
are a mixture of two populations, with different non-HLA genetics and

significant differential expression of some candidate genes.

Thirdly, we tried to use the new genetic findings in order to build a risk
model for CD using HLA and non-HLA risk alleles and to significantly
improve the identification of subjects at risk to develop CD. We developed
a classification system based on a score (Bayesian Score) which can be
easily calculated on the basis of three family-associated genes (LPP, c-REL
and RGS1) and that permits to discriminate between patients at higher or

lower risk to develop the disease. In this way, families with one affected
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case will know, with reliable accuracy, the individual risk of a newborn and
will be able to anticipate the onset of clinical phenotype by a simple point-

of-care tests.

In conclusion, the critic analysis of the large panorama of CD candidate
genes leads to consider several mechanisms of action that may have gone
unnoticed if we persist in considering all the genes together. Whereas,
analyzing a small set of genes from different points of view it is possible to
really understand why this or that gene has resulted to be associated with

the disease.

GWAs made the history of complex diseases, but represent only the
starting point from which postulate hypothesis, mechanisms of action,
interactions, in order to untangle the skein represented by the complex

pathogenesis of celiac disease.
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Potential Celiac Patients: A Model of Celiac Disease
Pathogenesis
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Abstract

Backgrownd and Aim: Potential cefiacs have the ‘celiac type” HLA, positive anti-tra nsglutaminese antibodies but no dama ge
at small intestinal mucosa Only & minority of them develops mucosal leion Morne than 40 genes wene Bsociated to Celise
Diisease (00 but we still do not ks howe those pathways trandlorm a genetically predisposed individual into an affected
person. The aim of the swdy s to explore the genetic featwnes of Potential OO individusls.

Methods: 127 ‘potential’ (D patients entered the study because of poditive anti-tissee transglutamingse and no msoodal
lesions; sbout 30% of those folowed for four years beoome frankly celisc. They were genotyped for 13 paymornphisms of
‘candidste genes’ and compared to controls and cefiscs. Moreover, 60 biopsy spedimens were used for exp esion studies

Resulfs Potential CD bear a lighter HLA-related risk, compared to celiac {* =48.42; p value = 1107 %, They share most of
the pobyimanphisms of the celiscs, but the Feguency of cREL* G allele was suggestive for a difference com pared bo celise
(F'=54Z p wolue =003). One maker of the KIAA1109/1L-2/1L-21 candidate region differentiated potentiak from celisc
(rsd374642 ¥2=7.17, p valre=0.01] The expresion of IL-21 was completely sup pressed in potentisls com pared to cefiacs
(g value = 03 and bo controls | vale =0002), in contrast IL-2, KIAAT 109 and c-REL expheSon wene over-expnessed.

Conclsions Potential 0D show genetic featunes shghtly diferent from cefiscs. Genetic and expresdon markers help to
differentiste this condition. Potential (D is a predious biclogical model of the pathways leading to the small intestina

mucosal damage in genetically pred isposed individuwals_
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Cownpating Interadtse Tha autoe bow dacmd $at f g i s
* E-muil yolsmp Durina
Intrad uction gene chiser [3]. We did confirm this strong sssociafion in our £

The pathway of ghiendinduced mmmunorespome in Celiac
Diiseame (OIY) & not yet completely clanfied o date, bu a
remendous progress was gained recently [1,2] by the dismovery of
candidate penes identifisd by genome wide sssodation smdies
EWAS) [3-5]. More than #) mndidate gemes were disoovered,
each of them ghing & minute contribution 1o the penomic variance
in O} [6]. Only a finctional profile of the glhen nduced
immunorespomnse will shed fght inn the complex interaction of
these molemles. The way to progress & to dreow relishle pieces of
functiona] pathways that may badd wp the puzle of the glhuen-
indiced immunarespone, New genes, added o HLA, account for
aroumd  50% of the genetic risk Ewven though nelafively
homogensous, CI) & probably not one disease ond different
pathways and risk factors can be probably disinguished. The
ogrewive stages of the dissase are 2 resource to hetter
understand the role of the penes identified up to date.

Alongside the HLA, o robast association was identified by GWAS
o chromoseme $q27, conmining the TL-2, T1-21 and KIAAL 1S
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patents and controls, originated from the same region of Southem
Haly (junpuhfished dai). The dismvery of a heriable variafion in
this gene chuger paints 1 2 direct imohement of these cynkines. In
active I} there is an enhanced producton of IL-21 [1]. The
quicscence of the acfive phase of T, ohtained by a gluen free diet
(HEFIN, reverts the IL-2 ] acthdty o nommal valnes. When mucosal
hiopsies from treated (D) patiens are challenged with ghoen
peptides, [1-21 & again over expressed [1]. IL-21 indnces, in active
I}, T-het expression [7]. The over expression of TL-21 & Heely o
pay a aucial role in the acfvaton of cyininadc Teell keading o
epithelial cell death and mucosal destruction of active O [H].

cREL and THNFAIPS are key mediztors in the nuclear Gaor
p B (NF-4E) infammatory signalling pathway [3]. We
sugpesiend previoisly an early imvolvement of the NF-kB patineay
in the ghiterrinduced inflammation either in acne O aswdl as
in ghadin exposed small imestinal mucmsa teue culiure [9]. We
proposed that, through the NF-EB pathway, glisdin peptides conld
simulae iNOE sxpression in IFN-v treated mocrophags from
non-efiac patents [10].
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B for, genetic stodies gawve 2 solid hase o0 explore binlogiml
models of ghien-induced immme response, bat, no Fenotype-
phenotype association conld bhe fmnd for any of the ahove Hzed
candidates genes [11].

Recendy the dinical presentation of CI) underw ent substantial
changes: from classical malahsaption driven picture to Eght or
shsmt sympinms ssodaed to moderae damage of intestinal
mmnsa. The term ‘potential CIF wes assigned to mdividuals with
proper DH)2 or DA, production of snf Tramsghtaminase (anti
TT3) antibodies and nommal small inestinal mucosa, classified s
Marsh 0 (no damage) or Marsh 1 sage (inspecific intra epithelial
infltration only]. These are ako defined "serological posithe
cames” [12-14]. Poiential patients suggest that the deve opment of
adaptive anfighten mmmity & not sfficent to develop villous
atrophy. This & mppored by animal models showing that
inflam matory anfi-ginten respomes are not mificent to develop
mmonsal lesions [2]. This, we can subgroup indhiduak i thres
groaps: ontol, petents who developed amtibodies but no
inestinal ksions (M) and M1 potentialy and patiens with
anthodies and villus atrophy (overt CLY. Anahzing differences
amnng these mbgroups may shed Gyhe into the genes diflerentiallhy
involved in development of sdaptive onfi-gimen Immmnity
(differert hetwesn oontol and potential] and tieme lesions
(different betwesn potential and CIY), as wel a5 genes imnobved
in all steps of O pathogenesis (different betwesn comrol and
poential, and potential and CTNL

We have a simealle cohort of a living expermenial mode] of CD:
intestinal production of ani TTG antbodies but no specific
mnumnsal damage, The vast majority of these individuals have no
sympinms and may be groupsd into low-msditm-high ant-TTG
producers, bot all have a smadl intesfina] mmonsa with normal villis
Tyt ratio, none or moderate TEL infilrafion and nommal epithelial
layer. (wer a prolonged follow up on goen containing diet onby
shout 175 develp muomal damage, most frequendy not
smnciated to sympinms [14]. The ressoms why poential CD do
not show any degres of substantial muomal damege, albedt the
presence af all the features of 1), & the question, whise answer can
coniriute to the mndersanding of the pathogenesis of 1L

Ui adm s to explone: the presence of geneti c and expresion Gonms
that muay differenfiate poienfial patients fom overt CI patents.

Results

HLA typing

The HLA genatype of 127 poenfial CT) cases wos oom pared o
that of 311 Celiacs previowsly reported by us [15]. Posential CT¥
less frequently helong to high risk classes jdouble T2 or D)2 in
wrans), while they show more frequendy very bw or moderate
HILA-reladed risk (Tahde 1). We observed mone cases in the HILA
class af lower risk among poientiak e compared i full celiacs:
these canes bear half of the D)2 heterodim er, ather DB or
DOAIS only. To avaid a selection hizs we did not exchided
these poenfial mses, who produced amfi TOGASE and were anti

When we aympaned the HLA risk hetwesn Milland M1 posential
cameswe did notobserve any :iﬁ'mml:fE 1.92; p =075, data not:
shown). Cases who developed small inestinad atrophy during follow
up did not show an HLA distribation different from those who
remined potential (y° =5.17% p=0.27, das not shown).

Eight Candidate Genes SNPs genotype and allele
distribution

Humt et al [#] repored 8 new CI risk o, located in dfferent
chromosomes. The size of the sample of the potential CI) has no
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Table 1. HLA risk classes distribution.

HLA Haplotyps 311 @ 127 Pt il
Pisk Class s [ —
Db DO T4 (3486) 12 (aE)
DO i 117 () 23 (B0
D0 siegla THITE) 48 (378
D08 or DOS 02 (DOALS rgative) 13408 21 (5
MDA Ml 1z 13 (204

o =R AT g1t

e 8 T e | e (0 1 2 L

sufficient paowwer to differentiate the polymonphisms distribution
hetwesn podential CI) and controls: nevertheless we found that
three NP in LPF, cREL and OUOR regions respectively shaowed
signifirant differences between conmols and posential OO in their
genonype distrilotion (Tahle 2). Seven ont of § SNPs analyzed
shoawed no significant differences hetwesn potential and CI) cases
in their genotype distibution. The SNP marking the c-REL gene
showed the (507 genotype 2.5 time more often: in potential s versus
full' CIY and versis Controls (Table 7).

By analysis of allele distribufon, we and that hoth [FP¥A o
EEIMG, and OCE*A alleds were significantly associawd o
potential cases compared i control (Table 3. Only o-RELMF
allels wos significandly sssociated with potential comes when
compared to CI) cases (Tahle 5.

MNaone of the candidate genes distingunished hetwesn M and M1
potential cases (dat not shown). M0 patimits were not diferent
from mniolk, except for OCR gene. M patients reinfonced the
significant differenfial distribution of the oREL genotype when
compared to Ok again the GG genonpe was ahown thres times
e frequent in M1 patients compared to OLF patients. The same
trend, with good statisfim] significance, & observed hetween M1
potential and controk not anly for o-REL ot aka for LPP gene
(Tabl= 31).

The eleven cases who developed small intestinal atrophy during
olkmy wp did not show an allefic and gemotvpic disribution
differemt fiom those who remained potential mayhe hemme of
the samiple size that was 00 small to evahee differences (Tabls 52
and 53]

Five Candidate SNPs on the 4g genomic region

Dhespite: the: m fied sample sime we found that three SNPsin e
4q genomic region showed significant difierences between conirok
amnd potential CT) patients (r=£3 74642, rs131 19723 and r=R40971)
in their genatype distribution. In addition, we foimd also signifiont
differ ences hetwesn potential CI and CT) patients for thres SNPs
(374642, =131 19723 and mRA22A44) (Tahle £).

The m3 74642, r313119723 and 60978 SNy respectiveldy,
were significan sy sssociztad when Poenfial CI coses were onmiparsd
i Contrals (Tahie 5. In contras, only the 43 T4642%T was the risk
allele smmociated with potential cases when oompered to O oses
(Tabie 5.

Cases who developed small intestinal atrophy diring fllow 1w
did mot show an allefic and genotypic disidbation different from
those who remained potential (Table 52 and 53]

BExpression Studies
The expression of the I1-21 gene was completely suppressad in
poantial CID, as oompared to O (Mann-Whimey est; Rank st
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L) and o controls (Fig. 1A). We underfine that the vahes of
expresion in potential O efther complerdly normal as well as
infittrated were consistently lower that the contrals{p=10.02 for both
stages]. S0 [L-2] expression is marked ysuppressed in thess pafients.
Celiar patiernts revert completely IL-2 1 at the leveks of conirols after
at least ane year of GFL). Ba I1-2 ] expression in celiacs after GFTY
is 5l higher than that of the potendal O (p=0.01).

IL-2 & overexpremed in MO potential 1) as compared o
controls (p=0L03) and to cefiars on GFD (p=0.01) (Fig. 1H).
Fig. 10 shows the sxpression of the KIAA1108 gene: its patien &
very similar to that of IL-2. Ttmay be noted that b 1 cases have an
expression 4 fimes lower than MO potenfials |:p=l}.l}'l-] ot &
marked incTease over the mntrals (o 0L01) and of ahow 4 folds
over the celiacs (p=0.01). Celiacs on GFD show highe valies
than acuie phase celiacs (p= 0L05) and comrols (= 0L0T).

The expression of the o REL gme was higher in M0 poentak,
commipared i CI¥ cases (p= (L) and i contrals (p =0.05) (Fig. 113

We explored the rdafionship betwesn the expression data with
the genotype of the same patents for the same gene. We could not
recover all DNA samples from the patiens, whose RNA was mmed
for expression experiments Neverhelss we muld not found
specific genotype related i othe expression vale for the same gene,
2 reparied previoushy [5].

Discussion

This work atempts to explore the genetic and expression
profiles of a special st of indfvidnaks in the CIY domain. Potential
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Table 2. Asocistion results for 8 celiac non-HLA risk variants.
Conwol Potwntial D I's prale 0D exia Potential D I's B vl

|hEs 1 sz g16318) AR 438 (555 22 (E03W 03z [T €3 MW 22 (E3%) 167 A
B 18 27 35 (TEW W (A 35 (T E%)
o 3 ) 430 & 3%) 434w

[LABRAP jes 917997 AR 42 (5.9%) 755 187 [T 4 (54 7 (5.5 0ss  an
BG T4 AN S0 (3045 AT Bew S [HANE)
=] 48 [Fa5%W To (551 D (5T T (S

JLPP irsiase 510 BB 18 (1529 18 (0% 758 LT 2 (1948 18 (1% 077 as
AC 36 (509 F0iB1W 124 (S04 0 ()
o PR ] 19 (8% Bl (53 19 (1 8%)

(OGS jra2S TTHIY) AR 430 (ET.7H B4 (EETH LT [T 1 (S E B4 (66.T%) aE [ 1=
&G 10 ESw 37 (A% e gecks - 3T (2
' 27 [L3e) 5 (409 [ 5 (4096

TAGAP jr517 58074 AR 135 (1 769 26 (05 LT3 am 4 (TG 16 (W0.5%) 036 a8
L] 354 e £l 206 5 T B 0]
=] I3 315w 40 (315%) B3 (Maw A4 (31 5%)

& REL |8 842647 AR A0 (5539 &1 (4BEW LT ] el W (564 2 (48.5%) 1wE  ael
&G 1T (323 S0 (3% o e ] S0 (XA)
[ 35 (4.%%) 15 (11 8% 45 15 (11 8%)

CCR drusad 1961) AR 9 (1399 25 (19TW T < 20 (B8 15 (HT%) 139 am
&G 38 AT &6 (2049 H3 e 66 (D.04)
(=<t I (4 L4 3& (83w 4 (3529 36 (B3]

SCHIF jrs TH 10548) AR &0 (BEE%W 1 (B0 W) 156 [+ 6 (D E 1032 (B0 3% [T [ 1=]
B 92 (1299 23 (1819 W (IS5 33 (HE )
' @ (13% 2 (16% 5 [a%e) 1 (1698

i 8 7 i OO 26 1L

Celize patiens, with positive serology and  unoderm sged  small
iniestinal mucosa appear o be differendy sssociated with some
genetic risk fctors aympaned o full blown O patents.

Pogential CTY bears 2 load of HLArelated (I risk signi ficanthy
hghter than that of CI) cases, with s mix of high-iniermed sie-low
risk different from that observed in O} mss. Mo dfference in
HILA profile was chserved between M and M1 poential patients,
nether betwersn the cases who developed full hlow disease and
those who remained potential 2t follow wp. Subjecs without the
classical D2 or THOA heteradimers were double in potential (23,
18.0%) than in chesiml celiacs (280, 90%), but ey produced
antibndies agpingt Human Time Trenghtamines:, with positive
Endomysial anfihadias, fust s mmch e the D2 positive coses. In
adcifion we could find no discrimination an the oitcom e betwesn
the DHO2/THMA carriers and those who camied only half of the
hetergdimers. This & one of the resuls of this work and should not
produe & sslsction hiss. Thres coses were questinnahle on the
hask of having only IDHJATS] /DB 1*0501: but this haplotpe
was previ aushy described in cefiar dismse [16]. Alhough they may
ik represent the typical potential cefiac, we did not exdude them,
o avoid selection hiss. We hetier ancept that only 34127 cases
mary miot sheoww the full patien of the majeriy of the cohort

We idmitified six polymonphisms suggestive o be differenthy
disrimted hetwesn controls and poential O K1AALTDE, TL-21,
LFFP, c-REL and CGOCR. We smppose that these factors ane
imphcated at some sges of OIF pathogemesis, and that, as for
HLA, there may be a “gene-dosage effect’”. Furthermaore, o-R EL
and EKIAALIDS are more expressed in M potential patients
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Table 3. Asocistion results of non-HLA SNPs alleles_
|Potantial CD and contrats

Pt OO Cases,
= [ a1 Az Canwals Ratos
M RG5! A 3 044, L UERDS
T ILIBEAF G A 1S, 1A
514545 10 PP c A 129120, B44=5T8
BRI LG A G 0748, | NEDDSE
T3 TRGAF G A 143: 115, BIEE04
rBABEAT eREL A [ A7 BB, 108 543
5481961 CCR [ A 139:1148, 906516
TR S SCHIFY A G 23007, 1304 W
| Potantisl CD and €D paSents

Pt O cases
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miggesting that they may play o rale in the development of
adaptive anti-ghiten ity

The SNF at c-REL gene shows a different disribution of the G
allele, a5 well 25 of the comesponding genotype, in poiential CI¥
versus cefiaes and verms controls. Unformnately we were nunahles
i oomelate the (¢ allele of the polymonphic marker of the gene
with ENA expression, bt we will explore firther in more mses.

R EL gene has heen recenthy sssociated to CI bt no significant
effect of the =467 pohymophism on gens expression was
ghserved [5]. In smalbintestine fiwome fiom controls and from
treaied amd umimeated celiac pafients, c-REL gene did not show
significant difierential sxprestion among the thres groum [3]. o-
REL, & subimit of the NF-kB complex, & orucial for the regul afion
of this major nuclear factor for the innade and adaptive Immunity

Table &, Asocistion results for 5 celiac non-HLA risk variants, located on 4g27 chiomosome.
Conbal Pown sl OO T Pl CD o Potentis €0 77 B i
|sanat 108 rsazrasan o as: [T 40129 EE -] LTE]
r £3 (429 3719 53 (1539 3719
m 334 (35 i3 L) HBIEM i3 L)
| CLERR T T ELETE -2 R I (BREE) 1104 (FLFE) 59 o8 2903419 10 (FLFE) 818 002
'3 42 (7% I (1A 55 (15999 (4
a5 YL 31239 3239
|sanat 108 (es1127308 o 16 [LEE) & 15.3% 15 036 9 (265 (539 351 a7
cr 122 (7.9 37 (0 103 (3039 37 (20
m 205 (53 3% 22 (e 1BET N 21 i ES
| CETETE ] a5 353 (30 M) =Te T0s S 0E4 267 (3199 108 (P RE) .61 LT
ar 81 (B3 13 (i7 8% 59 (8.1% 13 (i7 8%
™ 7 (6% 31239 30239
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[17]. It's regulation can terminate the NF&B acfivation by innate
immmune stimub. The integral smeure of c-REL & cmdal for the
acfivation 25 well s for the erminafion of NF-EB nduced
T norespaonse [18H].

In conclusion, the finding of the different allele and genotype
disribution of this gene in the patental CI) mode] does paint o
the crucial role of NFEB in the pathogenesis of the innate s well
25 Mmduced Immmme nesy in CT). Sustadned activation of NF-
kB in intesfinal mucosa of CI) petients leads to prolonged
indncfion of inflammatory genes expression and thereby perpet-
mes the chronic inflammanrny procesm. O group produoced
consitent evidence of the very eardy nwolement of NF-EB
mechanism in the ghadin-induced innate immme response in CIY
[4]. NF-kB & constimtively active in intesinal mucosa of patients
with nmreatsd CI) and revers oo normal valnes when ghien &
removed from e diet
significant differences hetween poential O and CIY cases.

Paotertial CID) show a miarked mppression of IL-2 1, helow the
level of CI) cases, cefiars on CFIY and even of normal controb. 1L
2 and KIAAIIME, on the contmary were hoth over-xpresed in
M0 potential CI) compared to M1, to celizes and to aongrals, M1
cames shaoww an I1-2 and KI1AA 1109 sxpression very similar to that
af Ok

The finding that the I1-2]1 gene dfferentiates potential from
conirols suggests that it may be impliced abo in the adaptive
anfighien immmne responses. Thi is compatible with findings
indfmting that I-2]1 & produced by follicular helper cells and
payvs a critical role in B cell differentiation. However [L-21 & also
implicated in teme damage beranse of it shility to promoe NE
acfivity and block regulatory T cdb

In sccordence with the role of 11-2]1 in teue damage and s
down regulation in the muoma of potental CIY patients we found
that the I1-21/TL-2 candidate region differentars potential from
I patients. Conversely, IL-2, which was fund to be a crifiml
growth Bctor for Forpl+ regulainry T cells, & highly expressed at
the transcriptional level in podential CTF muoms. Boramss Foxpd
regulstory T cdk play a crifi] role in blocking effectors T cell
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Table 5. Asocistion results of non-HLA SNPs Alldes, located on chromosome 4g27.
| Petantial €0 and Contrats

Pt OO Casas, MAF ot MAF B Ordlels ratier (95%
£ Loas A1 Az Cantals Raios D eaces  Contraks © v e e p—
FEETAG 42 HIAAT189 T € 2408, EIRET aas ey s s 2193 (1.04-4.5%)
13118728 KIAAT1O & G TN T, BETE4 e wos 97 e 055 j0.34-0.8)
1T ERART 10 T C IS, TEAS4 o o L& 02 VYRR
mEEREM W24 & T TEIE TESE an am [ 054 058 (-1 53
reSBA00TE [[ET] c T 19937, BOTE2 [0 e o4 055 J0.B6-0.8%)
|Petantisl C0 and €0 patens

Pt OO Casas, MAF Pot MAF €D B Ovdlels raties (95%
TP Lo AA Az CID ¢ickicd Rarties [ e S e ;’ @ earilbchion o | rbarwal)
FAETAG 42 KIAAT1O8 T c 2404, EXREE [T ook EEH] e 215 (1.26-5 )
=13119723 LAY 108 & G THIT, EHSS o [ L (13 076 (1 23
EOF-EF] ERAAT 10 T C 53, SE M an [ Lo 029 0ED RS- 18
mEEREM W24 & T 1EIE SWSE an e nE 035 079 (A 2
SRR [ E1] C T 1937, SEES [T an L 047 074 (481 14
i LY 37 i L 00 1 26 LS

functions, these finding suggests that the level of IL-2 may be a
critical facior in the development of teme damage.

Potential pafients have maat of the featmmes of UL patients they have
similkr genes. produce the same anthaodes ot they lack the final
destmotion of smal inestnal moemsa. Mo clinical, seologiel or
hismlngiml featmes conl disinguish MO from M patents wp o now
[14], for the: first timewe @n spemle that potential CI) ore o michme
of two populations, with dfferent non-FLA genetics and sgnificam
chffirendtial expresion of some candidate genes.

Thuse poiential coses who devdoped foll Blow mmcosal darmage
mn follow up, did not show amy of the time 0 ssrologic markers
warss than those who remained potenfial over o prolonged follow
peadia the outmme of these potental cases. We olserved the
same distribaion of the HLA as well a5 of the non-HILA genes in
the comes who eventually barome full blown celiaes.

The hmit of this smdy & the relathvedy short follow up fme of
this pemliar ahaort of Poential I mses: up 1o now thene has
heen no peossi il ity 1o identify any marker (clinical, environmendal,,
serological or genetic] that could help to predict the time of
conversion from predisposition to O o fll Hown dsesse. In
concheion we cannnt st that the cohort of potential cefiars who
have zgain show an mndamaged intestinal oo after 4 to 6
years of fllow up, will not evenmally develop @t Later in B We
can only cheerve that this group did not developed the fll blown
diszame after 46 years. But the genetic and exprewion features
point to the existence of a perufiar molorular profile, that may
hdp to identify cases who do not have the compler molecular
repernine b develop the dismse.

They mzy indesd he considered & Hve hiological model of T
pathogenesis, where the | i, for some fme or even forever,
inernpted just befiore the final destructive phase.

Matwerials and Methods
Ethics statement

The Study Praboon] was approved bythe Ethics Commintes of the
University of Naples Federico IL Biops esweretaken during routine
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Fgure 1. Expression studies of candidate genes on RMA extracted from small intestinal ruecosal biopsies.
dok 10,1371/ jounnal po ne 0021281 9001
hospital admisbon requested for disgnostic purposss: parens or EMA snd ami TTG IgA were deteced by indirect
guardian gawe ther informed coonsent shont the sndoscopic immunafhinrescenae and by enryme-linksd Immmnosorhent
procedures and the biopey. Patiens did not underwent blood or assay (ELISA) technique using a kbt besed on human
specimen sampling over and showe those requesesd by the routine recmmhinant antigen nespectvely (EutTg Igd Kit, Euro-
disgmostic procedunes accornding o the ESPGHAN guidefines [19]. spital, Trieste).
—  Archiectirally nomal small nestinal muocosa (M0 and $1)
Subjects on af least four muomsa samples, to minimize the possible
1. 127 children (76 females, median age & years and 6§ months, Has due o parhy lsions. Definition of the stage of lesion
range 11 months—] & vears) were classified as ‘poential IV on was obiined by Marsh stages modified by Ohertuber [14].
the basis of

At the first hiopsy, patients mnderwent chniral and labomtory

smemmment (Db related anin antihodies, thymoid smio anthodes,

— Inressed level of anti-TTG (TgA and Human Temes murifional parameters, bowel inflammatory indexes]. 507127
Transghitaminass] and Ant-Endomiinm positive. Semum (39.4%) patiens belong to at rsk growps: 32 wene first-degres
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relatives of celiac pafients, 18 were affected by amoimmune
diseanes (11 type 1 disbews and 7 thyroidids). 1057127 (#2.7%)
were smymptamatic; 21/127 showed symptoms atribuable o
), 17 gastraintesinal (ahdominal pain, weight ks, diarthoea,
Bilure to thrve] and 4 extra inestinal (2 shont smmre, one
dilatative cardiomyopathy, one refracory anaemial 21 symp-
mmatic patens went on (GFIL the others continued on 2 normal
diet with a § monthly followup schedule. Affer rwo years they
were re-hiopsied. The second biopsy was anticipated i sym ptoms
ensued.

The 21 pacﬁmnnaGFDh:ﬂm:nq:ﬁuﬁ'EDqﬂiﬂnb
anthodies but & of them d&d not show any chinical response o
GFIL 105/127 patiens comtinued a ghien containing diet.
Dhring @ollow-up OIF seraogy hecame negative in about 15%
and antibody fucmation was ohserved in $2% with trangent
negativity for ang-TTG values. Four patienss developed autoim-
mune disorders (1 type 1 dishetes and 3 thymoidits), 1 patent
developed a vimmin K deficiency and began o GFDL #4106
patients repeated a hiopsy afier 2 years of low-up. 13/ 4 (295%)

mcoss damage, ol the others were invariant ot the

Genetics of Poten il Celine Diseae

(Applied Biomymems) as described ebewhere [3,20]. Reactions
were performed on TI00HT Fast RealTime POR System

{Applisd Bioaysems).

Expression Studies

The expression of KIAA1109, IL-2 and T-21 was analyzed in
mumsal biopry samples from 17 D cases, 2] potential CD
patents (7 MO and 14 M1), 8 {I} patiens on GFL), and 14
contrals using Real Time POR by A ssays-On-Demand” (A pplied
Bigwysters]. Controls underwent endmcopy for fundGonal disor-
ders, from these we exchided subjecs with Helicohacter
infection, known i modify the expression of IL-21 [21]. The
anahysis of the expression of c-REL gene was performed in
mumsal b mamps from 10 O cases, 10 potential T
patents (3 M0 and 5 M1}, and 10 controls.

Statistical Analysis
qu'nﬂu:iuummm‘)mtdhyﬂtf test with 05 proha biliry of
the null hypothesis. Skewed varizhles were log ramformed when
mmﬂ@m@mmmwawmu
ind dent samples. Dam anahysis was g

coniral biopsy [14]. In conclusion, 35 children were considered
celiac patients: 23 patients were put on 2 (GFL) af the heginning of
the study hecanse of sympinmes, | patient was put on 2 (GFD due o
appearance of symptoms during the follow-up and 11 patients
developed atrophy.

2 To evaluate genetic rsk allels s cohort of 643 ovent O mses,
and 711 }mk}q-mntnkwtmm:dmﬂm ]ﬂ?pﬂm‘rﬁa]
O patients. Controls were mndomly seleced from 2 DNA
hank representing the healhy population of the region,
sratified for provinee. All originated from the same entre
and the same geographical area. of the 4q
candidate gene was performed on 2 set of abow 350 cases
and aboat 450 comtrols from the above sample.

3. To evaluate the HILA rédaied risk the 127 pnuﬁa]:aum
campared i 2 set of 311 overt cases from the same
described above and reported in Bowrgey etal [15].

Genotyping

HLA typing was performed using Eu-{Gene Risk kit (EITRO-
SFTTAL). Cases were grouped into 5 HLA, a5 reporied previoushy
[15]. Thirteen SNFs were genotyped using TagMan echnolgy
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Improving the Estimation of Celiac Disease Sibling Risk

by Non-HLA Genes
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Abstract

Celfiac Disease (0D i a polygenic trait, and HLA genes explsin les than half of the vaifiation. Throwgh lage GWAs
mmmnmmmMwmwmmwtanﬂmmmcmﬂtmm&#m
The sim of this sudy is to improve the estimate of the 0D risk in siblings, by adding o HLA & small set of non-HLA genes
One-hundred fifty-seven halian families with & confirmed CD case and at least one other sib and both parents were
recruited. Amang 249 dbs, 29 developed 0D in 8 6year lollow-up period. All individual s were typed for HLA and 10 SNPs in
non-HLA genes CORT/CORS irs6441961] IL12A/SCHIPT and IL12A4 (rs] 710546 and m9811792), TAGAF ir41738074) RGS1
{ri2816314), LPP (8 1464510], QUGS 23 27832), REL irsB42647), ILZL21 |rs6822844) SHIER irs3184504) Three asociated
5SMPs fin LPP, REL, and RGS1 genes) were identified theough the Transmision Disequilibfum Test and 2 Bayesian approach
wiah s U Assign & soore [BS) to each detected HLA+SNPS genotyp e combination. We then casified CID sibs &5 at low or
at hig h risk if their BS was respectively < of = median BS valse within each HLA risk group. A larger number (723%) of CD
s showed & BS = the median value and had a mone than two fold higher OR than 0D sibs with a BS value = the median
(0= 253, p=0.047] Our HLA+SNPs genotype classfication, showed both a higher predi ctive negative value (95% vi 91%)
and disgnostic sensitivity (79% vs 45%] than the HLA only. In concheion, the estimate of the OD risk by HLA+SNPS
approach, even if not applicable to prevention, could be a precious tool to improve the prediction of the disasse in 2 cohant
of first degres mistives, particulardy in the low HLA risk groups
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Introd uction

Cefiae disase () is & chronic smal-inestinal enteropathy,
iriggered by gluten prowins conteined i wheat, bardey and rye
[1]. The evidence of a srong genetic ompanent & suggesed by a
reamar kahle fami ar aggregation: the prevalence of CI) is, in fact,
1 times higher in first degres relatives (~~10%) than in the whole
population {1%) [1-3] & and very high concordance (>=80%) &
fomd in monoerygotc twins [§. CD prevalence  increased
significandy in the ket 20 years, so bemming a2 major pubfic
health problem, for this reason, in the near fitume the G fammi Ges
are predicted to be s major souree of new cases and conssquenthy
the CI) risk prediction in thess cohors may he mportant

At present Hincompathiity Leumoye Antgens (HLA)
explains ~~35% [3] of the genetic varance sssociawed o CIL
We previmushy graded the HLA rik genonpe in 5 rsk gromps
(from (3] i (35) and we were ahle to mbnlae the risk in each
Froup with very wide confidence inervals (from 0L 1% to =20%)
[1]. In particular the higher risk groups (=10%) were those
helonging to (31 and G2 gromps [1]. However, sinee HLA alone
cam explain ahowt 1/3nd of the genetic mmcepdhifity i the dsemse,
ather varians should be imphcated.
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In the lest foar years, several Genome Wide Association smdies
(GWAs) identified abow 40 genomic regions harhoring &t
candidate genes, which are imohed in adaptive snd imnate
immunity in O and abo Enked to other sutoimmume diseases
[E—13]. Unforunaely altogether non-HILA genes sccount for only
+% of the genetic variance [13].

In the field of complex disesses, parfimlardy in CIN great
atiention is now paid to use the avedable genetic data to predict
the risk of disease in asymiphom atic indhviduals and o suppornt the
dizgnoss in diffimlt mses. Abhough it wes described that non-
HILA genes improve the ability o identify indhdduals af high risk,
the incressed predict ahility by only genetics e ms still modest n
the general population [14]. However the use of noneHLA genes
in the dissase risk prediction in CI) shs has not yet bhesn
eaqlared.

The Bayesizn aqpproach was shown to be nsefil in the mansging
the GWAS results, for examiple, in predicting the susceptihibty o
breast cancer [15]. Apphying the same approach in o G fmily
cohart, we wish o improve the estimation of O rigk among
siblings of Coeliars over the awailshle risk HILA hased and thus
provide @ hetier tool o evaluate the healih stais or to predic the
diseasne in these at risk indhdduals

1 Movemnber 2011 | Volume & | lesue 11 | e26500



Results

SNPs evaluation and computation of the Bayesian Score
Al indhiduals were typed for 10 CID previoushy sssod aied SNPs
[13] and the TIXT test was perfnrmed on nesults obtained from
157 trios of the training set (Fig. 1). Thres out of ten imestigaed
BNPs (1464510 in LFP, rsB42647 in REL and 2816316 in
Ri:E] genes) were significantly associsted with I (Tahle 1) In
parfcular 1464510 in LPP gene showed o strong sssocisfion
[p<iLd}]) acording to an sddifive model, wheress, hoth
m2A16316 in ROGE] and =B42647 in REL genes were abo
significanty sssocated (respecively p= L025 and p=0.034, by a
recessive madel For supporting informadion shout allefc and
genatypic fequencies observed in the sample soe Tabhle 51 and 532,
In grder to evaluate the oommence of HLA-SNP nemdion,
we strafified the taining s« (Fig. 1) acconding to the HLA risk
group of the proband. No smfistically significant interaction was
found hetwesn HLA and non-HLA genes {data not shown).

To compuie the Bayesian Score (BS) we compared the
frequency of each HLAHSNPs gmotype combination detectd in
pobands and in comrols (Training ==, Fig. 1). Through thi
approach we obtined o BS dor each HLAHSNPs genotype
combination (data not shown).

‘Validation of the BS and testing of a classification model
The validation set (Fig. 1) was composed by the sha of the
probands, both afectsd (n = 29) and maffscted (n = 220). In these
subjects we evaluated if HLAHSNPS genotyping could improve the
identificafion of (II) risk in sihs heter than HILA only.

)

| O
obd

ZEEAN

Pl
| }
e
Validatian Set
245 mibs

Training Set
iaf s

Figure 1. Study design of CD families. The family set was splitted

in a Trainiing set, that is 157 inlos compaosed by the 157 probands and

their unaffecied pasens and in 2 Validasion set that i 249 s of the
£

= ——

@ PLof OME | wearsphmsone org

105

Aole of Mon-HILA Genes in Sibiing CD Ridk

Table 1. Genotypic Transmision Disequilibriem Test (TDT)
resashta

Rk Alals OR (35% C  p value

a5 LFF 236 (L34 1) <0
BEREIE RS 175 (LP-288&) 005
BMXE4T EE 166 (L0422 .65) 0034
BERTE Olkad 135 (290-2.03) 0150
Crotil aaifaa:] .24 (R85 T3] Ol B
EENEH A 143 (REI-2A4%) 020D

aiTB8d0 TAGAF
Eiad504  SHIE

a7 05ds IR

EE TR I IAPSCHIF

131 @7-2.96) 038
10 (LA N £3) 02394
100 (RAN- 5 51) 0572
100 (RE-205) 075
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JFee i irfomusion dhoa kil s e i Trie
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Tk 51
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We assigned i each s, bath affecesd and unaffected, the BS
vahe cormresponding o his HLA+HSNPs genotype combination as
previously caleulaged in the training set (Table 2] We obsarved an
increase of average BS values from HLA group 5 to HLA groagp 1
amd, within all 5 HLA groups we foand an incremss of the BS
comesponding to an incresss of A" alldes in the haplofwpe
combination. In order 1o identify sihs at gh risk © develop CDD,
we distributed affected and unaffected sibs on the basis of their B2
(under or ahove median BS) within sach HLA group from G &
35 (Fig. 3. Considering the diswribution of 2l the sibs, # & evident
that showve the median BS within each HIA group, there was
always a laoger number of affeced sibs than under the median:
T2% (21429) versus 28% (B/29). Interestingly, 2/29 affected sibs
that heing at bower HLA risk (HLA group 4 and 5) could be
misclasified, were comecdy clawified by their BS ashove the
mesdian. We calculated the (dds Fatio (OR) of CT¥ dassfication
hassd on the BS, above or under the median, within each HLA
groap. (CI sibs with a BS vale ahove the median, had more than
two fold higher rsk (R compared ® CID sibs with a BS walue
under the median (253, 95% C.L: 1.68-33%; p=0.1047).

In our previous work, we estimated the HLA relased risk o
devel op CI), defining o risk range from U0 1o 21 [1]. To refine
we st the HILA relawesd mean risk as the 2 posa’ risk of the Bayesian
Model Hawing set the HLA risk at the median level of the
Bayesian Score, we produced a pichre of the varistion of risk
gven by the non-HILA gemes for each HIA class (Fig. 3L It &
remarkable that the sddition of the 3 SNPs does modify the HLA
anly risk through the 5 HLA risk classes, also in subjects with no
)2 meither IM)A hapiotype, where the incresse I risk &
significandy larger than that observed in HLA risk classes

The addition of anly 3 SNPs 10 the HIA signi ficantly improved
the: prediction of CL) risk in siha, identfying, withina specifac HLA
groap, thoee indhiduak which are more Hoely to beoome celiars.
In fact, mnsidering HLA 1 and 2 as the highest risk groups [1], we
calouladed  the disgnostic characerisic of our  proposed
HLA+HSNPs genotype combination ob@ining both an higher
podicive negative valne (NFV) and an higher diagnostic
sersifivity (D8] than HLA only, respectively 95% w 91% (NFV)
and 79% vs 45% (I8) (Tahle 3). Akhough the disovery of 39
pohymorphism sssociated to CI) improved the estimation of the
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heritahility of ondy 4-5%. [13], in this Bayesian maodel the addifion
af only three SNPs of asociated genes improves the sensitivity of
risk prediction of 34% compared to the HLA only model

The computation of the AUC of the RO curve owp & O
safstic eqmal o 0.70 for HLA and 073 for HLAHSNPs
classifications, showing that the inclusion of SNPs moderately
improved the prediction ahilin.

Diis.cus sion

In qur previows work, we cmsidened in L) fmilies the risk o
develop the dizase acconding o 2 specific HLA  haplotypes,

Table 2. Bayesian Score [B5) msgned to sach HLA-SNPs genotype combination.

Assodated SHPs BS

3 REL RGS 1

1864518 i BATSAT] (a1 6314 HLA Greupl HLA Group? HLA Group 3 HLA Group 4 HLA Geoup S
oC k|G aly's D& mE3 032 038 [T
oc K|S A& (%71 073 o4z 038 73
oC i aly's 071 BEF 03& 035 005
oc A% A& 07w 077 o4E 046 73
s KG|GE [ ala's 081 0E 052 048 [T
AL K|S Ak Qa7 BEE BE3 [ 843
AL A [ ala's 085 nE4 058 055 117}
AL AR Ak [0 0aF 0EE 723 (AT
[ AG|ESE rat s 081 0 - 72 g
AL k|G A& LT 093 079 077 (513
i A Prat s 053 092 o7E 074 032
[ A A& 095 095 083 081 03
*Tha combiration LIFSAR - REL*AGIG « BIGS PAC IO e HLA geoa 3 wirs mot Boared amasesy cor sl cobuer.

e 0.0 37 W e | o SO0 A0 00

ahitaining a risk range from 01 i =020 [1]. In the present smdy
we evaluaed the mle of 3 non-HLA genetic markers to influence
the (I risk in first relatives of CI) affeced children.

We collecied data on Bomibes with ot keas one CDe-affecied
amang offpring. This family set helped i evalnate the associafion
hetween SNPs and CI¥ (TDT on parens-offpring thos] and o
estimate the rigk of (I in the other sibs. The TIXT design provides
mimsmess to population stratification and mitigaton of te
possible confounding effect of environmental facnm, hecanss all
family membeers share the same envirnmment [16].

Ten NP5, selecied from those previously found i be associa ed
with CI} by GWAS [13], were suressfully genotyped In our

(=
o = Ualecied
2 L Y - B ATl
w . = >
= i 5 . - s o .
= i =
i o - -3
E n
§E s 7 -
(=]
2 o
i a =
P [
E— =) a * b
= (=] - o
an
o Eo)
= &
L !
=
HLA, HLA HLA HLA HLA
tdraup 1 Uralp e Grous Loz 4 Lo
, (= L] =] - 2] [ 3 =] [ 3 o [ ]
Al [E 2 |k 2| 8 14 | 1 & 1
1der' "] - EI Z1 | = 1| ¢ a3 o

Fgure & Distribution of OO0 sibs based on their BS. Afected (n=239) and unafiected (n=220) (D sis were clxsified on the baxis of thear B5

l ines

walue < or = madizn 85 within esch HLA group. H

=]

5 of all sibs in eadh HLA sisit-geoug: (HLA Group 1=0.90,

HLA Group 2=0.86, HLA Group 3=062 HUA Geoup 4 =060, HLA Group 5= 013).

doi 10,1371/ journal jpone ORGS0 g0
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population three SNPs resubted significantly associated with OI¥
(those in LFPF, RG3]1 and REL genss) and the aother seven
investigated SNPs, even if not statistically associaed with CID,
showexd ahways an higher frequency of the previously reporied risk
alledes [13] in afected subjecs than in conirols.

The thres genes selected r i be appealing for the
prthogenesis of CIL LFF (OR = 2.36; p=0.001) was reported o
he highly expressed in small inestinal mucma and may have a
sructiral role af sites of cell adhesion in maintaining cell shape
and modlity [7]. RGE1 (OR = .75 p=L025) helongs to a family
of RGE genes. T attermates the signaling activity of (-proteins,
Hacking the haming of Intra Epithelial Lym phacytes (TELs), and it
s speeci fical by expressed hothin uman small intesfinal mmomnsa and
in mamine TELs, key players in the development of human CI¥
villoas atrophy [7,17]. REL (OR = 16f p=003) & a subunit of
NF-kB mmplex, implicaed in T cell differentiation [ 18] and it
appears i be 2 key molecule regulating inflammation and the
switch from tolerance to awammunty [19). & & inferesting
mote that owr data confirm previous ¢ implications
reported in Bterafure of these SNPs with O a5 well a5 with other
annimmune diseses [20].

By the Bayesian approach we calmlated a manking score (BS)
amnng the sihs. However, it should be considerad that BS isnot =
plain disease risk, rather 2 method o mank difierent genotypes
according to their confribution to make an indvidual susceptible
i CI. For insmnce, some of our BS ome wvery mear to 1,
nevertheless none of the mnsidered genatypes culd givea 100%
risk i develop the disease. In other terms, we considered the BS o=
a ranking meanwe, only stating that a given genotype could assign
2 higher risk than another genofype b does not allow a
quantinfive measure of the risk difference (2-fold, 3-fld, etd.
However, even if the addition of only 3 SNPs to HLA could be
considered af “minor efiect™ [13], we demonstraed that they
could significantly improve the predicion of CD risk in sibs, in
erms of diagnaostic sensitivity and negative predictive value. S0, in
o avhart of O families, owr dats oonfirm that non-HLA SNPs
evahiation & an usefull dizgnosic toal in CD rik evaluation as
previous study showed in CI) unrelated subject [14.

D, on the bask of the actial knowledge, cannot be exactly
predicted by genefic tesiing, but a refizhle probahilisfic methad
might be associated o carefil surveillance of infnts cmying the
higher risk. This will help i significantly reduce the heavy load of
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Table 3. Disgnostic characteristics of HLA and HLA-5NPs
genotype combination.

HILA rish groups 1-2  HLA-SHPs genotyps coembinason

Sensitivity 345 L7054 079 L7084
Specieity 071 [1E-077) 054 (148 DEY
WP 0l (RET-09%) 055 LE-098
PPV 07 (212022 009 (L4024

i B0 T et | e (NI S0 N

anxiety and pain swsodaed with the appearance of sympinms of
I}, by anfidpafing, with simple serological tess, the chinical
appearance of the disease

Ta improve the posibility i identify high risk patiens in I}
Emifies we popme in alemative © the clawical HLA
clesification (Fig. 4, pand A) a slight improved flow-chart
(Fig. 4, panel Br 1) HLA genotyping: subjects helonging i the
HLA risk groups 1 and 2 will be classified as at high OD risig 2)
subjects hebmnging to the HLA risk groups 3 and 4, will he further
investigated for our SNPs combination (LFF, REL, R(GE]) in
arder o calaulate their BS (Fig. 4, panel H). Among these latter
subjects thase with 2 BS = the median value will he classified at
high risk; 5] subjects belnging to the HLA risk group 5 will he
comsidered at low CI) risk. ATl CID famili als belonging o the ahove
high risk groups (HLA group 1-2 and HLA group 3—4 with BS =
mesdian) will he undergo a strict srveillance,

Une of the Emitation of our cohont family study could he e
sample size, which may have not allowed to explore genes af
smaller offect, so explaining the lack of association hetwesen SNPs
in TAGAP, ILZ/T21, OLING3, OCR, SH2EB3, ILI12ZA and
TL1 2ASBCHIP] genes with CD although the trend observed in
previous studies in unrelated OI) patients was confirmed [13]. In
the main time the homogensity of the genetic and snvironmental
domains inthe tested farn ifies all ows to explore risk & chors within a
contralled cohort. A second i tof the study is the relatively short
(6 years) follow wp of the sihship which could came an
underestimation of the disease development at later ages. Cur
aim & to go on with the monioring of these Bmilies in the next
Tm%hﬂmdhﬂﬂrﬂwm
approach, even i not applicable to prevention, could be a predous
inal improving {1 diagnosis respect to the only HLA (NFV: 95%
vs 91%, and DE: 79% s 4£5%), in the whort of first degres
relatives. In fact in clinical practice the absence of HLA risk growups
1 or 2, allows o exchude the disease with high probability, while
esting the three NPs in HL.A groups 3 or 4 could represent a
further mal to identify less frequent CIF cases. 5o, an infant with
high HLA+SNPs score even if helonging to HLA low risk groups,
shall undergo a simple surveillance system to allw poper
dizgnesis and treatment hedore the full hlow disease appears.

Materiaks and Methods

Ethic Statement

The written informed consnt was obtained from all partic-
panis and from hoth parens for children, The rescarch was
approved by the Edics Committer of the School of Medicine,
University of Naples "Federico IT” and was acconding i principles
of the Helsinkd 1T declamation.
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Family Samples

A cohort of I famifes was recmied as previously described
[1]. Families induded a2 sympomatic O patient |hereafrer
redermed as the proband), both parents and at least one sib (for o
ol of 183 probands, 366 parents and 249 sihs]; all probands, as
well an the new comes, were disgnosed soconding to the Ennopean
Zociety of Pasdistrics Gastroemterology and MNutrition (ESP-
GHAN) oiteria [21]. Among the 249 sihs, 29 resulted to be
affered over a 6 years iollow up program [1].

Al indhvidnals were grouped inio five decreasing risk classes
acoonding i their HLLA genotype: very high (>20% with o
copies of DS, ar TRO2.5/T02.2 Groag 1), high (1 5-20% with
D2 2/ DAL, Groap 2], inermediae (10-15% wit one copy
af the D25 heterodimer, Group 3], moderate {1-10% with o
double copy of DA or DR 2/TH8, or double copy of D22,
Group 4] or neghgihle (< 1%, with other genotype, Group 3)
(Table 53 [1].

Nom-HLA Single Nudeotide Polymaorphizms (SMP) typing

The 791 patiens were genotyped for 10 non-HLA SNPs
aesociated with CI: rsfrt-4] 961 on 3p31 (Chewabin - mati s
1 and 3 — QOR1ACCR S, rsl 7A10546 and r=9011792 on 392526
(BCHIP] — Schongeeseie interadior poteie ] — and 111 24 — feterfegbie
124), =1 738074 on 625 (T call actinefisn T ow acinoiier peiae —
TAGAF), m216316 on 193] (Remulser o (rpoe dmaig | —
RGEN), sl44510 on 3q20 (lpews Frofarel FPomer — LFF),
m232I7H32 on 6q23.3 (Difpdmducyt raneripiion_ foctr § - OLKT),
=i 2647 on 2pl 6] (| Reioubend: el cic miral secgrees hawmalsr — REL)
, 2304 on 4q27 (leterieubie 7 aed 27 - TI2/TL21 ), 3184504
an 12q2% (SHZH adepeer petan T — SH2E3). Genotyping reactions
were performed uing TagMan®SNF Cenotyping Amas on 2
T90DHT Fast Beal-Time PCR System (Apphed Biossystems, Foster
City, CA, USAY the final volume was 5 pl, onmining master
miix, Taghdan smays and shout 6) ng of genamic DNA template.
ALl 38 well plates were flled using Bi FX (Beckman
Coulter, Indianapols, IN, UUSA) Alllic DMsorimination results
were anahzed through the 518 sofftware ver. 2.3
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Analysis strateqy and statistics

In arder to develop the model we splitted the sample no 2
tradning and a validafion set (Fig. 1). In the roiip of, compaosed by
probands and thear maffeced parents, called siss, we evahaed
which SNF was sssociaied to the disease independently from the
HLA haplotype Twenty-six I fomibes were exchided hecamse
they did not meet the requirernents for the analysis (e.g. there was
am affered parent or pafients had an incomplete genotyping], so
the training set was compasad by 157 tmos (Fig. 1). As comtrol
haplotypes we comnsidered the haplotypes carried by parents and
it mammited to the affeded probands, s they muld be
mepresemative of the haplotypes in the general populaton, from
which mses are originated. The frequencies of HLA and non HLA
haplotypes in conrols were estimated by the AFBAD (Affecied
Family Based Control) method implementsd in the MASC
saftwarne tonl [27]. To evaluate the asodaton of the ENPs with
the diseame, we performed a Treswicciee Dissgelibnies T (TTT)
[16] by wing the fs packsge wver. LL15 for B statisfiol
computing software wver. 2112 This methad & based on
mulivariar logistc regressin. We considered: dominant the
hetemnzygote genotpe when it had the same risk efiect of the high
risk homaerygote genntype; reessive, the heerarypo®e genofpe
when 7t had the same risk «ffect of the low risk homooygote
Fenatypes addifve, the hetereygote genotype when it had a risk
effect imtermediate betweesn the two homeeygote genotypes.
Firstly, we evalnatsd monovariste ssociation henvsen each SNP
amd the dsease Secondly, among those resulted i e sigm ficanthy
smociated with CI), we evaheed for SNP-SNP interactions by
kgistic regression model. Finally, the interaction betwesn
significant SNPs and HLA groups was verifisd. In demils, we
repeais] smsociation statiiics hetwesn O risk and SNPs on
different strata of HLA groups and, thus, computed the interaction
iests.

To evaluate the join effect of HLA and SNPs to influene the
sk to develop CI) in stha, we implied & Bayesian agproach,
fnousing only on those SMNPs resubted significantly associated with
CI¥ at TDT analysis. Usually Bayes' revision of probahilites
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allows the computation of an indhvidual probability of an event
gven the g priani dam from the general where the
patient comes from. We arhitarily selected an 2 prsn’ probahiliny
af 1.5, hecanse in our sitmation we could difficulty apply the Bayes®
revision of prohabilifies and obtain an 2 posteriori risk of O in
siba. Indeed the estimaed 10% of CI) risk in first grade relathves
absn acoount for the role of the genetics, theredore it cannot be mwed
2% an & priori probability to calonlate the a posterion proha bility,
after considering the risk confermed by genetic facinm (SNPs).

Firstly we considered the different fequendes of HLA
Fenotypes in probands and conrol and secondly the non-HLA
5NPs genotypes frequencies. According to the Bayesian agproach,
in each mun we wed the scone obiined in the s step as the
new @ prisn vahe for the following sep (see Text 51). By this
approach, it was posible 1 assign © each combination of HLA
s LFP, RG] and REL SNPs genotypes 2 BS Secondly, we
zsigned © each sib (validafion sef o BS in of the
specific HLAHSNPs genohype combination found We arhitrarily
eshfished the median BS as discrimination threshold betwesn
knw and high risk sihs and evaliaed how offeced and unaffeced
sihs were disrimted We performed O statistic by using the R
"ROOR” saristic package to srength the interpremtion of the
resuls.

In order to produce 2 more realisfic Bayesian Risk Smre, we
then comsidered the mean HLA related risk [1] as the a prion risk
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