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Abstract

Introduction: Coeliac disease (CD) is an autoimmune gastroenteropathy strongly associated
with Human Leukocyte Antigen (HLA) DQ2 and DQ8 genes. The DQ2/8 alleles are also
associated with other autoimmune diseases including type 1 diabetes (T1D), which puts these
patients at a higher risk of developing CD. CD serology is used to screen these patients but has
limitations. Intestinal Fatty Acid Binding Protein (I-FABP) and CX3CL 1 (Fractalkine) aretwo
promising biomarkers for CD but have yet to be examined in patients at a high-risk (HR). This
study, therefore, aimed to examine genetic and serological concordance in South African

patients with T1D and high-risk CD all€eles.

Methods: A total of 38 paediatric and adult participants were recruited from an endocrinology
clinic and gastroenterologists in the Johannesburg region. Clinical details were collected, and
al patients were HLA typed at the DQ loci. I-FABP and CX3CL1 serum levels were then

determined using ELISA and Luminex® technology respectively.

Results: Of our patients with T1D, 63.6% had at least 1 HLA allele associated with CD. I-FABP
serum levels were significantly higher in CD-positive patients compared to CD-negative
individuals (p=0.03). No significant differences in the CX3CL1 serum levels were detected
although this may reflect the impact of the comorbid autoimmune diseases on the CX3CL1

levels.

Conclusions: This study provides preliminary insight into the HLA-DQ2/8 type frequency in a
South African population with T1D and isthefirst to assessthe levels of I-FABP and CX3CL1
in a multi-ethnic population with comorbid autoimmune diseases. It determined [-FABP to be

the more promising biomarker in such clinical contexts compared to CX3CL 1.
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Chapter 1: Introduction

1.1 Coeliac disease background

Codliac disease (CD) is an inflammatory autoimmune disorder, primarily directed by CD4+ T-
cells with T-cell receptors specific for tissue transglutaminase (tTG) bound to gliadin (1-12).
Gliadin isanon-digestible component of gluten that ultimately causes inflammation and villous
atrophy in CD patients through presentation on professional antigen presenting cells (APCs) (8,
9, 13). Although the main trigger for CD is gluten, other factors, including the type of gluten
products consumed, gut microbiome, gastrointestinal tract (GIT) infections, and infant diet,

have been hypothesised to have akey role in gluten tolerance (8, 14, 15).

Statistics on the CD prevaence in South Africaare currently unavail able because no wide-scale
epidemiological studies have been conducted, although outside Africa it is considered a
common pathology with an approximate 0.5-1% prevalence in the world (5, 8, 16). CD affects
largely Caucasian populations but the type 1 diabetes mellitus (T1D) incidence in other
ethnicities has risen, some of which have developed CD (4, 8, 17). The popular maize-based
diets have been hypothesised as protective against CD in South Africa but the recent shift to a
more wheat-based diet is increasing the quantities of gluten in diets of different ethnic groups

and subsequently increasing their risk of developing CD (2, 4-8, 14, 15).

1.2 Clinical presentations and complications

The clinica presentation of CD varies significantly (18). The symptoms can be categorised as
either classical, non-classical, subclinical, seronegative, or refractory coeliac disease (RCD) (5,
8, 19-24). The clinical variability has created a diagnostic dilemma as the required biopsies are

invasive and costly, highlighting the need for accurate diagnostic and prognostic markers for



CD and RCD especially since late diagnosis increases the risk of complications including

malignant transformation (18, 25-27).

1.3 Diagnosing CD

There is no consensus diagnostic algorithm for CD, but a number of guidelines are available
from Europe, North America, New Zealand, and Australia which are largely similar (5, 8, 23,
28-34). Diagnosis rests on tTG and deaminated gliadin peptide (DGP) serology followed by a
confirmatory duodenal biopsy. When serology and biopsy results are ambiguous, Human
Leukocyte Antigen (HLA) typing is used as an exclusionary test and has recently been more
widely used to screen high-risk patients for CD (5, 8, 29, 35-42).

1.3.1 HLA genotyping

The HLA-DQA1*05:01-DQB1*02:01 alleles (DQ2 molecule) are found in nearly 90% of CD
patients (8, 43). The HLA-DQA1*03:01-DQB1*03:02 aleles (DQ8 molecule) are expressed in
about 5% of CD patients (8, 44-46). The remainder of CD patients have at least one of the
DQ2/DQ8 dleles (47). Previous work by our laboratory and others confirmed that CD high-

risk alleles are present in a substantial number of black South Africans (48, 49).

In addition to CD, HLA alleles predispose the development of other autoimmune conditions
like T1D, autoimmune thyroid disease and Addison’s disease (6, 50-52). For thisreason, CD is
seen more commonly in these disorders with 8% of patients with T1D developing CD and a
reported hazard ratio of 2.4 (Cl = 95) (4, 17, 53, 54). The possession of these allelesisrequired
but not enough to cause CD which makes HLA genotyping a useful screening test, particularly
for T1D and other high-risk patients who receive annual CD serology to monitor for arising
comorbidities (8). T1D patients who lack the HLA DQ2/8 alleles would not require regular

serological monitoring for CD which could make HLA-DQ genotyping an attractive first-line



screening test. The frequency of HLA DQ2/8 allelesin South African T1D patientsis, however,

unknown.

1.3.2 Novel biomarkers

There arealimited number of gastroenteropathies with accurate, minimally invasive serological
testing, including CD (8, 55). CD autoantibody levels decline rapidly after initiation of a gluten
free diet (GFD) although the correspondence with mucosa inflammation and healing is not
always commensurate (8, 56-59). This has prompted research into other biomarkers including

microRNA and phospholipid profiling (8, 60-64).

Intestinal Fatty Acid Binding Protein (I-FABP) and CX3CL1 (Fractalkine) are two promising
biomarkers in diagnosing CD and other autoimmune diseases, such as ulcerative colitis,
rheumatoid arthritis, and Crohn’s disease (60-62, 65-68). I-FABP is intracellularly expressed
by enterocytes and binds to long fatty acid chains to promote absorption and digestion (65, 69,
70). In CD, proinflammatory gluten-tTG complexes trigger anti-enterocyte immune responses
which compromise the integrity of the enterocyte cellular membrane alowing the release of
cytoplasmic contents including I-FABP (61, 65). Research into I-FABP diagnostic testing has
only compared healthy individuals with CD patients although the prognostic value of I-FABP
levels has not been investigated (61, 63, 71, 72). CX3CL 1, achemokine that bindsto CX3CR1,
is primarily expressed on damaged or activated endothelial cells where it promotes tight
adhesion (73-75). Metall oproteinases can cleave the transmembrane form of CX3CL 1 to create
the soluble chemoattractant for the recruitment of immune cells and inflammation in CD (74,
76). Increased serum levels of CX3CL1 are associated with chronic inflammatory processes
including CD, rheumatoid arthritis, cardiovascular diseases, and T1D (68, 77-79). The widely
accessible and semi-automated techniques used to detect these biomarkers makes them an
attractive option for ancillary testing and are more efficient compared to other biomarker testing
techniques. I-FABP and CX3CL 1, however, have yet to be studied in populations at high-risk

for CD or in a South African population (4, 80).



Aims and objectives

This study aimed to investigate different strategies for diagnosing coeliac disease in an at-risk

cohort of patients and to investigate novel tests in this population.
This study’s aim was supported by the following objectives:

1. To perform an extensive review of the literature in CD diagnosis specifically focusing
on current diagnostic agorithms and novel biomarkers (publication 1).

2. Toassess CD-associated HLA expression in acohort of children with T1D to assessthe
potential risk of development of CD (publication 2).

3. To assessthe expression of selected serological biomarkers of CD in high-risk and CD-

diagnosed patients (publication 3)



Chapter 2: Synopsis of Publications

2.1 Publication 1: Diagnosing coeliac disease: A literature review

As acomponent of the project planning, a decision was taken to perform an extensive literature
review on CD diagnostics. During this review, the different algorithms were compared, and the
utility of serology and genetic typing was assessed (8). The importance of identifying CD
associated high-risk HLA alleles in populations was highlighted. Two promising biomarkers
were identified which showed promise in larger studies for further evaluation in a cohort of

children at-risk in Johannesburg

Candidate’s contribution: First author, reviewing of literature, manuscript writing and editing
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ABSTRACT

Coeliac disease (CD) is an autoimmune gastroenteropathy triggered by gliadin and gliadin-tissue transg-
lutaminase (tTG) complexes. CD is one of the few autoimmune diseases with an accurate, non-invasive
serological test. Anti-endomysial, anti-tTG and anti-deaminated gliadin peptides (DGP) antibodies are
currently used for serological tests with tTG ELISAs being the superior test. Duodenal biopsy, although
invasive, is the gold standard for CD diagnosis. HLA genotyping and flow cytometry can also be used
as supplementary tests.

Ié?é ‘ll‘i/:cr(iis;sease The incidence of CD is rising globally although the reasons for this remain unclear. In addition, the true
Diagnostics incidence of coeliac disease in African populations remains unknown although recent work suggests that
South Africa South African populations express the alleles associated with this disease.
HLA This review examines the pathogenesis and diagnosis of coeliac disease and considers novel and inno-
Autoantibodies vative biomarkers in its diagnosis specifically in an African population.
Biomarkers © 2021 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights
reserved.
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Abbreviations: TIDM, Type 1 diabetes mellitus; DGP, Deaminated gliadin
peptide; tTG, Tissue transglutaminase; EMA, Anti-endomysial antibodies; RCD,
Refractory Coeliac Disease; GFD, Gluten-free diet.

1. Introduction

Coeliac disease (CD) is an autoimmune enteropathy with an

* Corresponding author at: De Korte St &, Hospital St, Johannesburg 2000, South estimated prevalence of 0.5-1% worldwide and a rising incidence

Africa.

[1,2]. It is one of the commonest autoimmune diseases affecting
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predominantly Caucasian populations. Recently there has been a
rise in the incidence of type 1 diabetes mellitus (T1DM) in other
population groups, including black and mixed-race patients, some
of which have developed CD [3,4]. It has been hypothesized that
maize-based diets, popular in South Africa, maybe protective
against CD but that recently, with a shift to a more wheat-based
diet, increased gluten ingestion may increase the risk of developing
CD [5,6]. In addition to gluten ingestion, CD has been associated
with several HLA alleles found to be well represented in our South
African (SA) population [7]. Despite the potential risk, studies of CD
in African populations are small and the prevalence of CD in South
Africa is unknown [4].

1.1. Immunopathogenesis of coeliac disease

CD is a CD4 + T-cell mediated inflammatory disorder [2,8]. The
CD4 + T cells are specific to a gliadin fragment complexed to tissue
transglutaminase (tTG) [1,9-11]. Gliadin (a non-digestible,
immunogenic component of gluten) binds with CXCR3 receptors
on enterocytes (Fig. 1) [9,12]. The binding transiently increases gas-
trointestinal tract (GIT) permeability and allows gliadin fragments
to move into the lamina propria, triggering an inflammatory
response with subsequent intestinal epithelial apoptosis and the
release of cellular contents, including the enzyme, tTG [8,13,14].
tTG deaminates positively charged glutamines into negatively
charged glutamic acid residues [8,9,15]. The deaminated gliadin
and the tTG-gliadin complexes are endocytosed by antigen-
presenting cells (APCs), such as macrophages and dendritic cells
which present processed forms of these molecules on HLA-DQ2
and -DQ8 to gliadin-specific helper T-cells (TH) causing activation
[8,16]. TH2 cells activate B-cells, which produce anti-tTG and anti-
gliadin antibodies (Table 1). TH1 cells produce IFN-y and TNF-o
which further increases gut permeability, inflammation and causes
an enteropathy which ultimately results in villous atrophy [1]. TH17
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cells and the accompanying cytokines have also been associated
with an inflammatory role CD [17,18]. CD8 cytotoxic lymphocytes
(CTLs) are important contributors to CD immunopathogenesis, par-
ticularly in patients with CD autoantibodies without intestinal dam-
age [19]. The potential antigen specificity of these CD8 CTLs in CD
intestinal epithelium was recently identified as A-gliadin 123-132
and further studies indicate that CD8 CTL and T-cell activation are
similarly triggered by dietary gluten [20,21]. The CD8 + T-cells have
op or v3 T-cell receptor and form a component of the intestinal
intraepithelial lymphocytes (IELs) in addition to CD4 + T-cells (espe-
cially regulatory CD4 + T-cells and Th17 CD4 + T-cells) and B-cells.
[21] Th17 cells and regulatory T-cells are usually present in the
inverse proportions with a high preponderance of regulatory CD4
+ T-cells. Inflammation in CD is associated with CD4 + T-cell polar-
ization to a Th1 or Th17 phenotype resulting in tissue damage and
destruction either directly or through the activation of autoreactive
CD8 + T-cells [17]. Other IELs which may potentiate inflammatory
changes in coeliac disease include mucosa-associated invariant T-
cell, regulatory T-cells and NK T-cells which respond to non-
peptide auto-antigens [22,23].

1.2. Clinical presentation and aetiology

Understanding the CD immunopathogenesis is key to its diag-
nosis and the improvement of CD testing. CD has a variable clinical
presentation and can be categorized as classic (intestinal), non-
classic (extraintestinal), subclinical, refractory (RCD), and seroneg-
ative CD [1,24,41,42]. This can result in delayed diagnosis [43].
Patients with classic CD often present with intestinal symptoms,
such as diarrhoea, decreased appetite, malabsorption, abdominal
pain and distention, but may also have extraintestinal symptoms,
such as iron-deficiency anaemia, arthritis, and dermatitis herpeti-
formis [41,44]. Subclinical CD is often only detected during the
screening of susceptible individuals for CD because the symptoms

U gpte
X1 J:

SRS J

13. Increased permeability
and enteropathy

/P

11. Production of IFNy

and TNFa
12. Damaged intestinal cells
express CO17 transporter = ./
retrotranscytosis of IgA-gliadin
complexes

=3 p G °
S ’{\_.&

S 10, Th2 activate B-cells to
produce anti-tTG
antibodies

Fig. 1. The immunopathogenesis of CD is complex and multifactorial (Created with BioRender.com). CD is initiated by the binding of gliadin to CXCR3 (1) and the release of
zonulin (2-3). This increases GIT permeability (4) with production of pro-inflammatory cytokines (5) and the presentation of gliadin to CD4 + T-cells by APCs (8-9) to initiate
an adaptive immune response (10-12) further increases permeability and enteropathy (13).
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Table 1
Commonly measured antibodies in CD'
ANTIBODY CURRENT USE ACCURACY
Anti-gliadin Historical test now superseded [27-30]
antibodies
Anti-reticulin
antibodies

Anti-endomysial Routine
antibodies (EMA)

Anti-tTG antibodies

Anti-DGP antibodies

tTG is the autoantigen of CD and a valuable diagnostic marker.[15,32-34] tTG-based serology tests have a
Several comparisons with other antigens suggest that tTG is the superior diagnosis marker for CD.[35-37]
CD patients have T-cells specific for DGP. Antibodies against DGP are now a diagnostic marker.

Low specificity

High sensitivity [30,31]

High sensitivity, accuracy, and
efficiency.[1,34,35,38,39]

High specificity

High sensitivity [9,10,40]

T Selective IgA deficiency occurs in approximately 2-3% of CD patients and can render the IgA-based tests inaccurate. [24,25] It is recommended that total IgA is tested with
every CD antibody test performed. In the presence of IgA deficiency, IgG antibodies against tTG and DGP are typically used.[26]

are not clinically significant [5]. There have been clinical cases of
seronegative CD where serological markers are absent but there
is severe malabsorption and villous atrophy [24,45]. Patients with
RCD experience symptoms and villous atrophy after maintaining a
gluten-free diet for a year or more [5]. The 2 subtypes of RCD are
distinguished histologically by differences in IEL populations and
have different prognoses [46].

Although gluten is the principal trigger for CD, several other
environmental and genetic factors influence CD development
[1,4,8,47,48]. These aspects of CD are not well understood but fac-
tors hypothesized to have a key role in gluten intolerance include
intestinal infections, quantity and quality of gluten consumed, gut
microbiota and infant diet [49,50].

1.3. Treatment and management

The only treatment for CD currently is a lifelong gluten-free diet
(GFD) [1,5,8]. Although this has shown to relieve symptoms,
decrease autoantibodies, and promote villous regrowth, a GFD
can also cause poorer quality of life, mineral and vitamin defi-
ciency, and increase cardiovascular risk [51,52]. Potential future
therapeutics include dietary supplements to assist in digesting glu-
ten, targeted therapies to induce tolerance, and inhibiting deami-
nation of gluten by tTG [2]. Endopeptidases and zonulin
inhibitors have been suggested as potential supplements to assist
in gluten digestions and epithelial barrier restoration [2,8].

Misdiagnosis or late diagnosis of CD can increase morbidity and
mortality because of complications. Common complications
include iron deficiency and lowered bone mineral bone density
leading to osteoporosis while lesson common complications
include hyposplenism, refractory CD, intestinal lymphoma, small
bowel adenocarcinoma and ulcerative jejunoileitis [53,54]. This
provides additional motivation to establish biomarkers for CD as,
currently, these complications require biopsies for diagnostic and
prognostic information. This review addresses the current diagnos-
tic algorithm for CD and examines potential future directions,
specifically in the South African population.

2. Discussion
2.1. Serological testing

Serological testing for CD is accurate with sensitivities, specifici-
ties, and diagnostic accuracies greater than 90%, although testing is
more accurate when individuals are tested whilst on a gluten-
containing diet [55,56]. Autoantibody titers rapidly decline after
GFD initiation in CD patients typically within a year. This is useful
in monitoring dietary adherence and can be suggestive of GIT
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recovery and is associated with improved clinical symptoms [57].
Serological tests may have decreased accuracy for mucosal inflam-
mation and recovery with RCD [58-60]. These challenges have
resulted in the development of ancillary diagnostics like
microbead-based technology, chemiluminescence, autoantibody
profiling and regression tree analysis which aim to improve sensi-
tivity and predict the requirements for biopsy [61-64].

2.2. Duodenal biopsies

Intestinal biopsy and histological examination confirms the
diagnosis of CD in the context of positive serology [1,65]. Two to
three biopsy samples are typically collected from the duodenal
bulb and 4-6 biopsies from the distal duodenum using endoscopy
[56,66]. The biopsies are graded histologically according to the
degree of villous disruption [67].

There are different histological classification systems but the
Marsh-Oberhiiber histological classification method is the most
widely used [65,68]. This system grades GIT disruption as Grade
1 (infiltration of IELs), Grade 2 (crypt hyperplasia), Grade 3 (partial
(A), subtotal (B) or complete (C) villous atrophy) or Grade 4 (hy-
poplasia of the small bowel architecture) [1,65]. Duodenal biopsies
are invasive but necessary confirmatory assays to establish the
degree of disease and mucosal recovery following GFD. [18,69,70]

2.3. Supplemental testing

CD has a strong genetic component with a 10-15% familial
recurrence and 75-80% concordance amongst monozygotic twins
[8,71]. The HLA-DQA1*05:01-DQB1*02:01 haplotype, encoding
the DQ2 molecule, is present in 90-95% of CD patients [72,73]. In
the remaining approximately 5% of CD patients, the HLA-
DQA1*03:01-DQB1*03:02 haplotype is expressed, encoding the
DQ8 molecule. The remaining 5% of patients express at least one
of the DQ2/DQ8 alleles [74]. This association provides a useful
screening tool for CD through genotyping. The HLA DQ2/DQ8
genes, however, are required but not sufficient to cause CD limiting
its utility as a standalone diagnostic test [8,75].

In the context of CD diagnosis, flow cytometry is mainly used to
detect and count IELs to diagnose RCD when serology is unhelpful
[76-78]. RCDII IEL characterization is typically indicated by the
presence of clonal T-cells on flow cytometry [5,79]. These clonal
T-cells typically express no surface CD3, CD4 or CD8 but have both
cytoplasmic CD3 and CD103 but the lack of CD3 and CD8 with
preservation of cytoplasmic CD3 and monoclonal rearrangement
of T-cell receptor chain are the primary factors considered when
diagnosing [5,77,80]. Although identifying IELs is primarily used
to diagnose RCD, IELs can also be useful in diagnosing difficult
cases of CD with inconclusive serology and histopathology [81,82].
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Fig. 2. The golden standard for the diagnosis of CD is serology with confirmatory histological features on duodenal biopsy. Currently the recommend serological test is IgA-
tTG although this may be unreliable in patients with selective IgA deficiency. HLA typing may be used as a non-invasive screening test for CD.

Table 2
Potential diagnostic biomarkers identified in the last 10 years for CD.
Biomarker Alterations seen in coeliac disease Size Population
Inflammatory Cytokines
Serum levels IFN-v, IL-6 and IL2 Increased 110 Iran [88]
50 Australia [89]
Serum CX3CL1 levels Increased 100 Spain [90]
Micro-RNA (mi-RNA)
miRNA-146a and miRNA-155 Increased with high sensitivity and specificity 30 Chile [91]
miRNA-21 and -31 Increased 70 Egypt [92]
Faecal Components
Volatile Organic Compounds (VOCs) Different profiles 30 Netherlands [46]
Faecal Calprotectin Increased 29 Germany [93]
Lipidomics
Lipid and phospholipid profiles Certain triacylglycerols are increased 233 Finland [94]
256 Italy [95]
T-cells
CD38 expression on gliadin-specific T-cells Increased with gluten exposure 13 Norway [96]
Meta-analysis of TCRYS + counting with flow cytometry[97] High diagnostic accuracy 519 -

Oxidative Stress
Levels of ROS and other biomarkers of oxidative stress Correlates with the degree of villous atrophy 54 Italy [98]

Gene Expression
Gene expression data from RT-PCR assays Defined discriminant equations which could objectively and 36 Australia [99]
accurately classify duodenal biopsies into Marsh score categories

Intestinal-derived Serum Proteins

I-FABP[33] Increased in untreated CD 20 Netherlands [100]
141 Netherlands [101]
108 Netherlands [102]

UBE2L3 Increased expression of (a ubiquitin ligase) predicts CD 9451 Spain [103]

Neo-epitopes of the tTG-DGP complex Identify CD and mucosal healing 90 USA [104]

REGI a Increased levels in CD and decreased with GFD 113 Spain [105]

Transcriptomics
Transcriptomic signatures Unique signature linked to increased cell proliferation, nuclear 121 Israel [106]
division, and cell cycle activity
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2.4. Diagnostic algorithms for CD

Global standards on CD diagnosis have been influenced mainly
by European, British and North American guidelines which are
widely published and have been summarized in Fig. 2
[1,5,56,83,84]. This diagnostic algorithm uses five antibodies for
serology, IgA-tTG, total IgA, IgA-endomysial antibodies (EMA),
IgA-DGP, and IgG-tTG or IgG-DGP (Fig. 2). Serology is followed
up with a duodenal biopsy as final confirmation and HLA genotyp-
ing as an exclusion test when serology and biopsies are ambiguous.
Canada, New Zealand and Australia follow similar guidelines [85-
87]. The new European Society for Paediatric Gastroenterology
Hepatology and Nutrition (ESPGHAN) guidelines recommend no
biopsy if tTG levels are 10 times greater than the normal limit
and a second sample is EMA positive [83]. There is, however, little
to no guidelines published in developing countries. The South Afri-
can algorithm consists mainly of IgA-tTG and IgA-DGP serology
with a follow-up biopsy. Diagnostic challenges in a resource-
limited setting, such as South Africa, include loss of patient
follow-ups and decreased availability of diagnostic testing.

2.5. Novel directions

Several new biomarkers are under development and could
potentially improve the diagnostic, prognostic, and monitoring
capabilities of CD testing (Table 2). The majority of these studies,
however, were conducted outside of Africa. Key biomarkers
include markers of inflammation (cytokines, reactive oxygen spe-
cies (ROS) and genetic signatures of lymphocyte activation), bio-
chemical markers of intestinal destruction (such as IFABP), and
characterization of IEL populations. Recently, there has also been
increased interest in the GIT microbiome because of its potential
pathogenic role in CD.

Monitoring and prognostication are key in RCD because of the
risk of malignant transformation [5,107]. Promising avenues of
investigation include phospholipids profiling and mi-RNA detec-
tion [91,95]. Auricchio et. al. (2019) recently identified a serum
phospholipid profile that distinguishes individuals who will
develop CD before they present with symptoms or antibodies
[95]. mRNA-146a, miRNA155, miRNA-21 and miRNA-125b have
high specificity and sensitivity for active and inactive CD irrespec-
tive of treatment [91]. Investigations into these biomarkers in
South African populations are needed as the novel research into
CD diagnostics has occurred mainly in Europe and USA.

3. Conclusions

In conclusion, the expanding knowledge on CD pathology has
enabled the construction of a complex diagnostic algorithm cap-
able of accurately identifying individuals with CD, whereas the
same cannot be said for many other autoimmune diseases. Regard-
less, several limitations need to be addressed through further
investigations into the numerous avenues of research with the
potential to improve the diagnosis, prognosis, and monitoring of
patients with CD. In South Africa, the current diagnostic algorithm
requires modification to better use resources and identify high-risk
individuals.
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2.2 Publication 2: Coeliac disease high-risk HLA alleles in a small type one diabetic

population, Johannesburg, South Africa

The extensive literature review, conducted as a part of this project, highlighted the potential of
HLA DQ genotyping asaninitia screening tool for CD high-risk individuals, for example, T1D
patients (81-84). There is, however, very little data on HLA types in South Africa and CD-
associated HLA alleles have only been investigated in healthy individuas (49). The HLA
DQ2/8 frequency was, therefore, examined in T1D patients from a high-risk endocrinology
clinic in Johannesburg, South Africa. Briefly, 22 paediatric participants were recruited and
HLA-DQ genotyped with informed consent and assent. This confirmed that approximately 37%
of the cohort lacked CD-associated HLA alleles. This subset of the South African T1D
population without the DQ2/8 alleles is currently receiving CD serological monitoring
unnecessarily which suggests a re-examination of the diagnostic algorithm is required. The
substantial portion of our cohort that did have the DQ2/8 alleles agrees with the published

literature and motivates the examination of potential CD biomarkersin high-risk populations.

Candidate’s contribution: First author, sample collection, laboratory investigations, data

analysis, manuscript writing and editing.
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Abstract

Coeliac disease (CD) is an autoimmune disorder strongly associated with Human Leukocyte
Antigen (HLA) genes DQ2 and DQ8. These alleles are also associated with other autoimmune
diseases including type 1 diabetes (T1D) and these patients are consequently at a higher risk of
developing CD. We examined the frequency of high-risk HLA alleles in a cohort of South
African T1D paediatric patients. A total of 22 paediatric participants wererecruited at atertiary
endocrinology clinic in public sector hospital in Johannesburg, South Africa (ethics number
M200337). Clinical details were collected, and all patients were HLA typed at the DQ loci. In
our patientswith T1D, 63,6% had at least 1 high-risk HLA type alleles associated with CD. Of
the patients with high-risk aleles, DQ2 was found in the maority which is consistent with CD
literature. In conclusion, this study provides preliminary insight into the frequency of the HLA-
DQ types associated with CD in a South African population. The high prevalence of high-risk
alelesin our T1D population motivatesfor continual monitoring and further investigationsinto

CD in South Africa.

1. Introduction

Cosdliac disease (CD) is an autoimmune disorder triggered by gluten ingestion. The key effector
cells are CD4+ T-cells specific for tissue transglutaminase (tTG) bound to gliadin, an
immunogenic component of gluten (1-5). The global prevalence of CD is 0,5-1% but the
prevalence in South Africais unclear. CD can be diagnosed with autoantibody detection and
duodenal biopsies. It can aso be excluded from differential diagnoses with HLA genotyping

(6-8).

TheHLA-DQA1*05:01-DQB1*02:01 haplotype, encoding the DQ2 molecule, is present in 90-

95% of CD patients. In about 5% of CD patients, the HLA-DQA1*03:01-DQB1*03:02
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haplotype is expressed, encoding the DQ8 molecule (9, 10). The remaining 5% of CD patients
express at least one of the DQ2/DQ8 alleles (11). The presence of these alleles is necessary but
not sufficient to cause CD which makes HLA genotyping a useful screening application (12).
The prognostic value is less clear athough individuals homozygous for HLA-DQ2

(DQA1*05:01-DQB1*02:01) are at a higher risk of early-onset CD during infancy (11, 12).

In addition to the association with CD, these aleles are associated with the development of
other autoimmune conditions like type 1 diabetes mellitus (T1D), autoimmune thyroid disease
and Addison’s disease (13-15). For this reason, CD is seen more commonly in these disorders
with 8% of patients with T1D developing CD and a reported hazard ratio of 2.4 (Cl = 95) (16-
19). A recent study reported a 10,2% serology-positive CD in South African T1D individuals
but only a1,9% prevalence of biopsy-confirmed CD (20). The true prevalence of T1D from the
International Diabetes Foundation is 4,5 in 1000 patients but is considered an underestimation
(21). Epidemiological data on other autoimmune diseases in CD is aso unclear although
preliminary studies suggest a 3,5% prevalence of Hashimoto’s thyroiditis and a 0,031%

prevalence of Addison’s disease in Africa (22, 23).

Previously, our laboratory retrospectively described HLA types and haplotypes in a South
African organ donor population (24). The DQ2 haplotype was found in 10% of the population
and 14% expressed the DQS8 haplotype but the participant’s ethnicities were unknown. The
high-risk aleles were observed in the population, namely HLA-DQA1*03 (18%), HLA-
DQA1*05 (25%), HLA-DQB1*02 (36%), suggesting that subsections of the South African
population are at a higher risk of developing CD. A recent study by Mrubata et a. (2021)
confirmed that the CD high-risk alleles are present in a substantial number of black South
African organ donors (25). This study aimed to examine the frequency of high-risk CD HLA

alelesin South African T1D patients.

2. Methods and M aterials
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2.1 Ethical Statement

This protocol was approved by the University of Witwatersrand Human Research Ethics

Committee for Medical Research in Johannesburg, South Africa (M200337).

2.2 Study population

Whole peripheral blood samples were collected from T1D patients at Rahima Moosa Mother
and Child Hospital (RMMCH) during their routine clinical management. The blood was
collected by the nurse/physician drawing blood at the time of routine testing. All patients and
volunteers provided informed consent. The demographic information of each participant was
recorded from patient files, including age, gender, diet, self-reported ethnicity, comorbid
autoimmune diseases, current BMI, FBC (to detect iron deficiency anaemia) and HbA1c to
gauge long-term blood glucose control in T1D patients. HbA1c results, expressed in %, were
collected with permission from the NHL S laboratory information system and the result at the
time of patient recruitment was utilised. The Bio-Rad VARIANT™ II TURBO HbA1c kit was

used by the NHL S laboratory to determine HbA1c levels (%).

2.3 HLA genotyping

DNA was extracted using the High Pure PCR Template Extraction kit (Roche, Geneva) in
accordance with the manufacturer’s instructions. The eluted DNA was quantified using a
Nanodrop Spectrometer (Thermo Fisher Scientific, UK) to confirm the concentration and purity
of the samples. The concentration and purity acceptability criteria followed Immucor™
(Immucor, USA) recommendations: a DNA concentration of between 10 and 200 ng/ul and a
A260nm/280nm ratio of between 1,6 and 2 to be acceptable. Sequence Specific Oligonucleotide
(SSO) PCR was used to determine the HLA genotypes as a 2- to 4-digit resolution. The SSO
typing kits were purchased from Immucor™ (Immucor, USA) and contain the reagents needed
for PCR. The Immucor™ IFU (Immucor, USA) recommends a DNA concentration of 15 ng/pl

for optimal PCR reactions. This was adjusted to 20ng/pL during the validation study in 2019.
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3. Results and Discussion

A total of 22 patient samples were collected in a one-year period between November 2020 and
November 2021. Demographic information is recorded in Table 1. The sample population had
a median age of 10 years and had a median HbA 1c level of 11,5%, suggesting poor glucose

control.

CD hasone of the highest HLA associationswith all patients expressing at | east one of the high-
risk aleles (6). These alleles show association with other autoimmune diseases like T1D (13-
15). The disease has been reported more commonly in Caucasian populations and the risk in
SA isunclear even in high-risk populations. Fourteen (63,6%) of our sample population had at
least one of the alleles associated with CD. In this sample population, The CD-associated alleles
most commonly found were DQA1*05:01, DQB1*02:01 and DQB1*03:02 which were present
in 36,4% of the population (Table 2). Other aleles not associated with CD were also identified
in patients with T1D, most commonly DQA1*03:02 (45,5%) (Table 2). There was 27,3%
heterozygosity for HLA DQ2 in this population and 18,2% for HLA DQ8 but none were
homozygous for either DQ2/8. The presence of one high-risk alele is necessary but not
sufficient to cause CD and different haplotypes do not substantially increase thisrisk, although
HLA DQ2 homozygosity has been associated with an increased risk of early-onset CD ininfants
with a first-degree family member with CD, including a parent, full sibling, or child (11, 12).
Other common alleles observed in the population include, DQA 1* 03:02 (45,5%), DQA1*01:02

(31,8%), and DQB1*02:02 (22, 7%).

Most of the participantsin this study were non-Caucasian with over 50% self-reporting as bl ack.
Of note, two of the black patients were of Somalian descent which may skew the data. Here we
build on the previous literature confirming the finding that CD high-risk alleles are present in

black T1D South Africans. It has been hypothesised that a shift towards a more wheat-based
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diet in South Africa could be triggering CD in populations where the high-risk aleles are

present (26).

In South Africa, patientswith T1D receiveregular serology testing to ensure that CD is detected
early, particularly because T1D patients are often asymptomatic (27, 28). The determination of
HLA-DQ genotypesin T1D isimportant for better identification of individuals with high-risk
aleles and who, therefore, required continual serological testing. This study suggests that a
large part of the South African T1D population (36,4%) are not at risk for CD and, therefore,
do not require the regular serological testing they receive. This has implications for the CD
diagnostic and screening guidelines for South African T1D patients as a first-line HLA DQ
screening test may improve cost efficiency freeing resourcesto investigate at-risk patients more
comprehensively. The early identification of at-risk T1D patients is key to effective early
management of CD which can improve outcomes for this disease and other autoimmune

pathol ogies (29).

This study was a small pilot project and samples sizes were small. In addition, use was made
of self-reported ethnicity which may lack accuracy. The study does, however, suggest that more
active screening is warranted in this subgroup of patients and suggests that HLA DQ typing

may be a cost-effective screen to ensure early diagnosis and management of CD.

4. Concluding remarks

In summary, this study provides preliminary insight into the frequency of the HLA-DQ types
associated with CD in a South African T1D population. The high prevalence of high-risk aleles
in our South African T1D population suggest that screening by HLA DQ typing may have
utility to stratify the T1D population into low-risk individuals who should not receive
serological testing and high-risk patients who must be continuously monitoring for CD

autoantibodies and receive duodenal biopsies where appropriate.
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Table 1. A summary of the demographic information of the participants.

Characteristic
Median agein years (£SD) 10 (£3,07)
Gender
Female — n (%) 13 (59,1)
Male—n (%) 9 (40,9)
Self-reported ethnicity
Black — n (%) 13 (59,1)
White — n (%) 1(4,5)
Coloured — n (%) 6 (27,3)
Indian — n (%) 2(9,1)
Median HbA 1c level % (+SD) 11,5 (+3,48)
Normal HbA1lc <7.5%
Total 22
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Table2. HL A genotype summary. The most common HLA DQA1 and DQB1 typesfound in
this population were DQA1*03:02, DQA1*05:01, DQB1*02:01 and DQB1*03:02, three of

which are considered high-risk alleles for CD.

HLA genotype n (%)
High-risk CD two-alleles haplotypes (heterozygous)
DQA1*05:01- DQB1*02:01 (DQ2) 6 (27,3)
DQA1*03:01- DQB1*03:02 (DQ8) 4(18,2)
High-risk CD one-alleles haplotypes
DQA1*03:01 4(19,1)
DQA1*05:01 8(36,4)
DQB1*02:01 8 (36,4)
DQB1*03:02 8 (36,4)
Other DQ alleles present
DQA1*01:01 3(13,6)
DQA1*01:02 7(31,8)
DQA1*01:03 1(4,6)
DQA1*02:01 4(18,2)
DQA1*03:02 10 (45,5)
DQA1*03:03 1(4,6)
DQA1*05:05 2(9,1)
DQA1*05:08 2(9,1)
DQB1*02:02 5(22,7)
DQB1*03:01 1 (4,6)
DQB1*03:03 3(13,6)
DQB1*04:01 1 (4,6)
DQB1*05:01 3(13,6)
DQB1*05:05 1 (4,6)
DQB1*06:02 2(9,1)
DQB1*06:03 1 (4,6)
DQB1*06:09 1 (4,6)




2.3 Publication 3: Intestinal fatty acid binding protein (I-FABP) and CXC3L1

evaluation as biomarkers for patients at high-risk for coeliac disease in

Johannesburg, South Africa

Biomarkers represent an attractive, non-invasive option to monitor CD patients. Many of the
biomarkers identified require further investigations in CD patients but none of them have been
examined in the context of populations at high-risk for CD nor in South African populations. |-
FABP and CX3CL 1 aretwo promising biomarkers for CD and can be easily detected. For these
reasons, these biomarkers were chosen for investigation in high-risk T1D patients and CD-
diagnosed patientsfor thisproject. A total of 38 participants were recruited from RahimaMoosa
Mother and Child Hospital and Wits Dona Gordon Medical Centre and grouped according to
diagnosisand HLA type. Participants with the DQ2/8 alleles and CD-confirmed diagnosis were
grouped as CD-positive. Those with the DQ2/8 alleles and T1D were grouped as high-risk and
any individual without the DQ2/8 alleles was categorised as CD-negative. |-FABP levels were
significantly higher in the CD-positive compared to the CD-negative cohort (p=0.03). There
was no statistically significant difference noted in the CX3CL 1 levels which may be caused by
the comorbid autoimmune and inflammatory conditions present across the groups. This study
isthefirst to examine the levels of these potential CD biomarkers in a multi-ethnic population

with comorbid autoimmune diseases.

Candidate’s contribution: First author, sample collection, laboratory investigations, data

analysis, manuscript writing and editing.
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ABSTRACT

Coeliac disease (CD) is an autoimmune disorder and one of the few gastroenteropathies with accurate serological
testing. CD serology has decreased accuracy for patients on a gluten-free diet and for monitoring mucosal
healing. New ancillary tests would, therefore, be useful. Intestinal Fatty Acid Binding Protein (I-FABP) and
CX3CL1 (Fractalkine) are two promising biomarkers for CD but haven’t been examined in patients who are at a
high-risk for CD such as patients with type one diabetes (TID). This study, therefore, aimed to investigate serum
levels of I-FABP and CX3CL1 in a cohort of South African patients with TID at a high-risk of developing CD. The
serum [-FABP levels were significantly higher in CD-positive patients compared to CD-negative individuals (p =
0.03). No significant differences in the serum CX3CL1 levels were detected although this may reflect the impact
of the comorbid autoimmune diseases had on the serum CX3CL1 levels. In conclusion, this study is the first to
assess the levels of these biomarkers in a multiethnic population with comorbid autoimmune disease and
determined I-FABP to be the more promising biomarker in such clinical contexts. Future research should focus on

a diverse biomarker panel and longitudinal follow-up of patients at a high-risk for CD.

1. Introduction

Coeliac disease (CD) is an autoimmune disorder, presenting with
gastrointestinal symptoms and associated autoimmune manifestations
[1]. ACD4 + T cell population in CD patients is specific to immunogenic
gliadin fragments complexed to tissue transglutaminase (tTG)[2].
Gluten is digested to form gliadin which binds with CXCR3 receptors on
the gastrointestinal tract (GIT) epithelial lining and perpetuates gut
permeability [1]. Gliadin fragments then move into the lamina propria,
triggering an inflammatory response followed by enterocyte apoptosis
and an immunological response to the endothelial cellular contents,

specifically tTG [3,4]. This autoimmune response, comprising both B-
cell and T-cell responses, perpetuates gut permeability, inflammation
and apoptosis causing villous atrophy [5].

There is an estimated 0.5-1% global prevalence of CD making it one
of the commonest autoimmune diseases [6,7]. CD can be defined
symptomatically as classic (intestinal), non-classic (extraintestinal),
subclinical, refractory (RCD), or seronegative CD [8,9]. There are
several laboratory tests in the CD diagnostic algorithm, including
duodenal biopsy, serology and Human Leukocyte Antigen (HLA) typing.
The HLA DQ2 (HLA-DQA1*05:01-DQB1%02:01) and DQ8 (HLA-
DQA1*03:01-DQB1*03:02) are associated with a higher risk for CD,

Abbreviations: CD, Coeliac disease; HLA, Human Leukocyte Antigen; TID, type 1 diabetes; tTG, tissue transglutaminase; RCD, refractory coeliac disease; GFD,
gluten-free diet; I-FABP, intestinal fatty acid binding protein; GIT, gastrointestinal tract; GCD, gluten-containing diet.
* Corresponding author at: Department of Immunology, Faculty of Health Sciences, University of Witwatersrand, De Korte and Hospital Street Braamfontein 2001
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with all CD patients expressing at least one allele [10-12]. The presence
of these alleles is necessary but not sufficient to cause CD which makes
HLA genotyping a useful screening application to identify individuals at
risk but who have not yet developed clinical manifestations [1].

The mainstay of CD diagnosis remains tTG autoantibody detection
although this has limitations including reduced accuracy in patients on a
gluten-free diet (GFD) [13-15]. CD serology is also used in screening
patients with other autoimmune diseases who are considered at a high-
risk for developing CD. Duodenal biopsies and histology are used for
monitoring villous healing and screening for potential malignant
transformation but are invasive and expensive [6,16]. For these reasons,
the development of ancillary testing would be useful. A number of
biomarkers for CD are under investigation, including microRNA and
phospholipid profiling [1,17-21]. Intestinal Fatty Acid Binding Protein
(I-FABP) and CX3CL1 (Fractalkine) have been highlighted as promising
biomarkers in diagnosing CD and other autoimmune disorders, such as
Crohn’s disease, rheumatoid arthritis, and ulcerative colitis [17-19,22-
25].

I-FABP is an intracellular protein, expressed by enterocytes, which
binds to long fatty acid chains to promote absorption and digestion. It is
generally detectable at low levels in the serum of healthy individuals but
is released with enterocyte damage [26,27]. In CD, proinflammatory
gluten-tTG complexes trigger anti-enterocyte immune responses which
compromise the integrity of the enterocyte cellular membrane allowing
the release of cytoplasmic contents including I-FABP [18,22]. Serum
levels of I-FABP predict 68% of CD diagnoses and correlate with more
severe intestinal damage (intestinal villous atrophy of grade 2 or more
by Marsh classification) [18,28]. Levels of I-FABP appear to reduce with
compliance to a GFD suggesting that it may have utility as a marker of
villous healing [18,20]. The prognostic capabilities of I-FABP have yet to
be examined.

CX3CL1, a chemokine that binds to CX3CR1, is primarily expressed
on damaged or activated endothelial cells where it promotes tight
adhesion [29-31]. This transmembrane form of CX3CL1 can be cleaved
by metalloproteinases to produce the soluble chemoattractant for the
recruitment of immune cells and inflammation in CD [30,32]. The
binding of CX3CL1 to CX3CR1 activates the receptor associated-G pro-
tein, causing the a subunit to dissociate from the fy complex. The
mechanism activates the PI3K and MAPK kinase pathways to trigger
leukocytes migration [32]. Increased levels of CX3CL1 are associated
with chronic inflammatory processes including CD, rheumatoid
arthritis, cardiovascular diseases, and type one diabetes (TID) [24,33-
35]. Techniques for measuring CX3CL1 levels are widely available
making this an accessible potential diagnostic biomarker [36,37].

Three proinflammatory cytokines are primarily associated with TID -
interferon vy, tumour necrosis factor «, and interleukin-1 p [36,37]. I-
FABP and CX3CL1 are raised in type 2 diabetes mellitus but have not
been widely studied in patients with TID [38,39]. This study, therefore,
aimed to investigate levels of I-FABP and CX3CL1 in a cohort of South
African patients with TID at a high-risk of developing CD.

2. Materials and methods
2.1. Ethics statement

The study was approved by the University of Witwatersrand Human
Research Ethics Committee for Medical Research in Johannesburg,
South Africa (M200337).

2.2. Cohort selection and sample collection

Whole peripheral blood samples and fresh clotted blood samples
were collected from patients with TID at Rahima Moosa Mother and
Child Hospital (RMMCH) and from adult CD-positive patients at Wits
Donald Gordon Medical Centre (WDGMC) recruited during their routine
clinical management. The blood was collected by the recruiting nurse/
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physician drawing blood at the time of routine testing with informed
consent/assent. Patients were required to have a diagnosis of TID or CD
to be included in this study. Participants were excluded if the blood
samples were over a week old or if no whole peripheral blood samples
were taken at the time of recruitment as this was required for HLA
typing.

The residual blood samples (1 EDTA tube and 1 clotted tube) were
centrifuged at 3,500 rpm for 15 min and the serum was aliquoted and
stored at —80 °C. Serum samples were thawed and centrifuged at
15,000 rpm for 3 min immediately before testing. Patients were typed at
the HLA DQB1 and DQA1 loci and based on the results were classified as
CD-negative patients or patients at a high-risk of CD. Biopsy confirmed
patients with CD were utilised as a CD-positive controls (Fig. 1).

2.3. Serum I-FABP biomarker

The serum I-FABP levels were tested with the Quantikine® Human
FABP2/I-FABP Immunoassay kit (R&D Systems, USA) which is a solid-
phase sandwich Enzyme-linked immunosorbent assay. Patient serum
was diluted 5-fold dilution with Calibrator Diluent and then add to the
96-well plate. Human I-FABP Conjugate, Substrate solution and Stop
solution were added. The optical density of each well was determined
using a ELx800 universal microplate reader (Bio-Tek Instruments Inc.,
USA) at 450 nm and 540 nm, and the results were calculated from a
standard curve, created by generating a four-parameter logistic (4-PL)
curve-fit on Microsoft Excel® (Microsoft, USA).

2.4. Serum CX3CL1 biomarker

The Luminex® Human Premixed Multi-Analyte kit (R&D Systems,
USA) was used to detect serum CX3CL1 levels. Analyte-specific anti-
bodies are pre-coated onto magnetic beads containing fluorophores at
unique ratios. Samples were prepared with a 2-fold dilution with patient
serum and Calibrator Diluent and then mixed thoroughly. Following
incubation and addition of Biotin-Antibody cocktail and Streptavidin-
PE, samples were analysed on a Luminex xMAP 200 instrument (Bio-
Rad, USA). Results were calculated by averaging the duplicate readings
for each standard and sample, and then subtracting the average blank
mean fluorescent intensity. A standard curve was created by Luminex
xPONENT® Software by generating a 4-PL curve-fit.

2.5. Statistical analysis

All demographic data were recorded in Microsoft Excel® 2016 and
descriptive statistics were computed for medians and distributions.
Duplicate values for serum I-FABP and CX3CL1 levels were recorded for
patients in three groups, (1) CD-negative controls (negative), (2) pa-
tients with TID and high-risk alleles (high-risk), and (3) CD-positive
patients (positive). A Wilcoxon (Mann-Whitney) rank-sum test for
equal medians was applied.

For the three groups in both I-FABP and CX3CL1, a one-way ANOVA
was performed. A Bonferroni correction for multiple groups was applied
and a Bartlett’s test for equal variances was computed. A p-value for the
ANOVA was computed and a p-value < 0.05 was considered significant.
Formal statistical analysis was performed with STATA® 15.1 StataCorp,
College Station, Texas software. The impact of diet on the biomarker
levels in CD-positive patients was determined in a similar method.

3. Results
3.1. Population demographics

Blood samples (n = 38) were collected from November 2020 until
November 2021. Of the samples collected from patients with TID (n =

19), 13 were identified as high-risk for developing CD by the presence of
HLA DQ2/8. The remainder of patients with TID lacked the HLA DQ2/8
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Total samples collected (n=38)

CD-negative controls (n=13):

Participants without high-risk

alleles

High-risk (n=13):

CD-positive controls (n=12):

Diagnosed CD with high-risk

Diagnosed TID with the high-

alleles

risk alleles

Fig. 1. Cohort selection. A total of 38 samples were collected from November 2020 until November 2021 and were stratified into CD-positive, high-risk, and CD-
negative groups. The groups were stratified according to the presence or absence of high-risk HLA DQ2/8 and diagnoses.

alleles and were classified as CD-negative. The majority of the sample
population were female (66%) and all patients at a high-risk had gluten
in their diet (Table 1). Several comorbid autoimmune diseases were
reported across the cohorts including TID, Rheumatoid arthritis,
Hashimoto’s thyroiditis, and Vitiligo.

3.2. I-FABP and CX3CL1 biomarkers

3.2.1. I-FABP can distinguish CD-positive patients from CD-negative
individuals

Although I-FABP is a promising biomarker for CD, I-FABP serum
concentrations in patients at a high-risk have not been investigated. The
average serum levels of I-FABP found in this study were 3.24 ng/mL vs
2.36 ng/mL and 2.18 ng/mL in the CD-positive, high-risk and CD-
negative groups respectively. The one-way ANOVA for the three
groups showed no statistical significance (p = 0.055) and the one-way
ANOVA for the two groups showed statistical significance between
only the positive and negative groups (p = 0.03) with a p-values of 0.12
and 0.42 being reported for the positive and high-risk groups, and the
negative and high-risk groups analyses respectively (Fig. 2). The median
I-FABP levels in patients on GFD and gluten-containing diet (GCD) were
not statistically significant (2.47 and 2.07 ng/mL respectively) and did
not differ significantly between ethnic groups (p > 0.05).

Table 1

Demographic data. Our data was grouped according to their diagnosis and HLA
DQ type. Of the patients with TID, 13 were determined as high-risk and 13 as CD-
negative. 12 participants were established as CD-positive. The demographic
information, including age, gender, diet, self-reported ethnicity and autoim-
mune comorbidities were recorded and statistics calculated at a 95% CI.

Group CD-negative High-risk CD-positive
Age 14; 12 9.5; 4 44; 25
years — median; IQR

n (%) n (%) n (%)
Gender
Female 8 (61.5) 7 (53.8) 10 (83.3)
Male 5(38.5) 6 (46.2) 1(8.3)
Not disclosed 0 0 1(8.3)
Diet
Gluten-containing 12 (92.3) 13(100) 3(25)
Gluten-free 1(7.7) 0 (0) 8 (66.7)
Not disclosed 0 0 1(8.3)
Self-reported ethnicity
Black 4 (30.8) 7 (53.8) 2 (16.7)
White 4 (30.8) 0 (0) 9 (75)
Coloured 4 (30.8) 4 (30.8) 0(0)
Indian 1(7.7) 2 (15.4) 0 (0)
Not disclosed 0 0 1(8.3)
Comorbidities
TID 6 (46.2) 13(100) 0(0)
Rheumatoid arthritis 1(7.7) 0 (0) 2(16.7)
Hashimoto’s thyroiditis 1(7.7) 1(7.7)* 1(8.3)*
Vitiligo 0(0) 0 (0) 1(8.3)
None 5 (38.5) 0 (0) 8 (66.7)

* Two patients had multiple comorbidities (TID and Hashimoto’s thyroiditis,
and Vitiligo and Hashimoto’s thyroiditis).

p=0.03

8-

ns ns

Concentration (ng/ml)

Fig. 2. I-FABP levels were significantly higher in patients diagnosed with CD
and with TID at a high-risk for CD compared to CD-negative patients.

3.2.2. CX3CL1 is a general inflammatory marker and is not specific to CD

The average concentration from the CD-positive group was 1,461.41
ng/mL. 1,164.85 ng/mL and 842.45 ng/mL were the serum levels
detected in the high-risk and CD-negative groups respectively. The one-
way ANOVA for the three groups showed no statistical significance (p =
0.15) and the one-way ANOVA for the two groups showed no statistical
significance between the positive/negative groups (p = 0.37), positive/
high-risk groups (p = 0,18) and the negative/high-risk (p = 0.16) ana-
lyses. Median concentration of 1,432.55 ng/mL on a GCD compared to
877.33 ng/mL on a GFD (p = 0.17, CI = 95%) nor were the CX3CL1
levels significantly different between ethnicities (p > 0.05).

4. Discussion

Potential CD biomarkers have not been extensively investigated in
populations at a high-risk. In this study, we report findings on two
promising biomarkers in a multi-ethnic cohort. CD is generally reported
in Caucasian patients but previous work by us and others suggests that
patients in South Africa possess HLA-DQ alleles which predisposes them
to the condition particularly with the shift to a wheat-based diet [40-
42]. Gluten is the primary trigger for CD but other factors, such as in-
testinal infections, contribute to the inflammation and villous atrophy
[1]. Factors, such as BMI and age, have little research examining their
impact on CD and the biomarkers examined in this study.

I-FABP, an intracellular protein for transporting long-chain fatty
acids through cell membranes and chaperone intracellular transport, is
expressed by gastrointestinal epithelial cells mainly in the duodenum
and jejunum [43]. It is released with enterocyte damage and its utility as
an ancillary test in GIT autoimmune pathology is recognised [18-
20,22,23,28,44]. Serum I-FABP levels were significantly different
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between the CD-positive and CD-negative groups. The median I-FABP
levels in patients on GFD was higher compared to those on a GCD
although this was not statistically significant. This contrasts with other
published literature which reports a rapid decline in I-FABP levels after
successful GFD initiation [19,28]. It would, therefore, be useful to
examine [-FABP levels more closely in this population particularly in
relation to duodenal biopsy confirmation of villous healing and GFD
adherence.

CX3CL1 is a chemokine that is expressed by inflamed intestinal
epithelial cells and has potential as a biomarker for intestinal pathol-
ogies, such as CD and Crohn’s disease [17,45]. Levels are increased in
patients with widescale epithelial disruption, such as in CD [17]. In our
study, the average CX3CL1 serum levels were highest in the CD-positive
cohort and the lowest in the CD-negative cohort, but this was not sta-
tistically significant. This may reflect high numbers of patients in this
study with comorbid autoimmune pathologies [24,33-35,46]. Addi-
tionally, polymorphisms in the CX3CL1 gene have shown to produce
functionally different variants that could impact pathologies, although
this has yet to be investigation in CD-positive patients and in non-
Caucasian individuals [32]. The inclusion of CX3CL1 in a multianalyte
profile of CD may show utility. Interestingly, although numbers of CD-
positive patients on a GCD diet in the study were small, the levels of
CX3CL1 were higher. This may suggest utility in monitoring dietary
compliance.

This study had certain limitations including a small sample size,
incomplete hospital records, and absence of biopsy results as a standard
variable. In addition, most CD-positive patients were on GFD which may
have impacted the biomarkers and the impact of age could not be
assessed as the majority of the population was paediatric. The study was
cross-sectional, and the impact of longitudinal intestinal damage could
not be assessed. This is, however, the first study to assess the levels of
these markers in a multi-ethnic population with comorbid autoimmune
diseases. Future research should focus on a diverse biomarker panel,
longitudinal follow-up of patients at a high-risk and larger sample size.

5. Conclusions

In conclusion, this study has shown that [-FABP is more promising as
a CD biomarker than CX3CL1 in clinical contexts where patients have
comorbidities with other autoimmune diseases or inflammatory condi-
tions. Further research and larger samples are required to assess the
prognosis of patients with comorbidities and other autoimmune diseases
or inflammatory conditions. Both biomarkers show potential as ancillary
tests in the context of CD.
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Chapter 3: Conclusions and Future Directions

Current algorithmic approaches for CD diagnoses in South Africa are poorly defined and
limited. High-risk populations, such as T1D patients, are only monitored for CD antibodies
sporadically with many patients being lost to follow-up. Furthermore, CD has not been
sufficiently researched in South African populations, particularly in high-risk T1D patients, and
improved biomarkers have yet to be fully investigated and introduced into any CD diagnostic
algorithm. This study, therefore, aimed to determine genetic and serological concordance in
patients with suspected CD in a South African population after a comprehensive literature

review.

Our dataprovided preliminary insight into CD-associated HLA-DQ type frequenciesin a South
African T1D population. The high prevalence of high-risk alleles detected in this cohort
suggests that HLA-DQ screening in high-risk populations may have vaue in order to stratify
these populationsinto low-risk individuals who should not receive serological testing and high-
risk patients who must be continuously monitored for CD autoantibodies and receive duodenal
biopsies when indicated. This has implications for the South African CD screening and
diagnostics as a first-line HLA-DQ screening test will improve cost efficiency and the
comprehensive investigation of at-risk patients. HLA-DQ screening may also assist in mortality
prediction in at-risk and asymptomatic patients because of the association with
lymphoproliferative disorders (46, 85). Data regarding the clinical course in CD patientsin a

South African population should, however, be collected.

CD is one of the few gastroenteropathies which has accurate serological diagnostic tests, but
certain limitations remain which have prompted investigation of additional diagnostic
biomarkers. As part of this study, two different serological biomarkers were measured — |-
FABP and CX3CL 1 in the high-risk cohort and compared to individual s both with and without

CD. Levels of I-FABP, a gastrointestinal tract epithelial marker, were only significantly
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different between CD-positive patients and CD-negative patients. The median I-FABP levels
in patients on GFD was higher compared to those on a GCD athough this was not statistically
significant. This contrasts with other published literature which reports a rapid decline in |-
FABP levels after successful GFD initiation (62, 71). The reason in this cohort is unclear but

further correlations between I-FABP levels and gastrointestinal recovery may be of benefit.

CX3CL1, a chemokine ligand associated with autoimmune pathology, did not accurately
distinguish the groups although average levels were highest in the CD-positive cohort and the
lowest in the CD-negative cohort. This may reflect the high number of patients in this study
with comorbid autoimmune pathology and the impact of African polymorphisms could not be
excluded (68, 76-79, 86). Theinclusion of CX3CL1 in amultianalyte profilein CD may show
utility. Interestingly, although only a few patients with confirmed CD included gluten in their
diet, the CX3CL1 levels were higher than those on a GFD. This may suggest utility in

monitoring dietary compliance.

This study was the first to assess levels of these biomarkers in a multi-ethnic population with
comorbid autoimmune diseases as well as contribute to the knowledge on HLA frequenciesin
South African populations. Certain limitations are acknowledged including asmall samplesize.
In addition, most CD-positive patients were on GFD which may have impacted the biomarkers.
The study was cross-sectional, and the impact of longitudinal intestinal damage could not be
assessed. Thiswas, however, an important pilot study and future directions including adiverse
biomarker panel, longitudinal follow-up of high-risk patients and a larger sample size are
recommended. These data will inform a meta-analysis, currently in process, looking at
algorithms internationally and the use of HLA DQ screening in T1D patients. An amended
algorithm is likely to minimise the impact of CD on the health care system through early

diagnosis (42, 87).

32



References

1 van Hedl DA, West J. Recent advances in codliac disease. Gut. 2006;55(7):1037-46.

2. Green PHR, Jabri B. Coeliac disease. Lancet. 2003;362(9381):383-91.

3. Dickson BC, Streutker CJ, Chetty R. Coeliac disease: an update for pathologists. JClin
Pathol. 2006;59(10):1008-16.

4, Paruk IM, Naidoo VG, Pirie FJ, Maharg S, Nkwanyana NM, Dinnematin HL, et al.
Prevalence and characteristics of celiac disease in South African patients with type 1 diabetes
mellitus: Results from the Durban Diabetes and Celiac Disease Study. J Gastroenterol Hepatol.
2019;34(4):673-8.

5. Caio G, VoltaU, Sapone A, Leffler DA, De Giorgio R, Catassi C, et al. Celiac disease:
a comprehensive current review. BMC Med. 2019;17(142):1-20.

6. Tayob S, Pillay K, Tlou B, Ganie Y. Prevalence of positive coeliac serology in acohort
of South African children with type 1 diabetes mellitus. S Afr J Child Health. 2016;10(1):12-5
7. Vyse TJ, Todd JA. Genetic Analysis of Autoimmune Disease. Cell. 1996;85:311-8.

8. Gandini A, Gededzha MP, De Maayer T, Barrow P, Mayne E. Diagnosing coeliac
disease: A literature review. Hum Immunol. 2021;82(12):930-6.

0. Molberg @M, S.N; Sollid, L.M. Role of Tissue Transglutaminase in Celiac Disease. J
Pediatr Gastr Nutr. 2000;30(3):232-40.

10. Molberg @, McAdam SN, Kérner R, Quarsten H, Kristiansen C, Madsen L, et al. Tissue
transglutaminase selectively modifies gliadin peptides that are recognized by gut-derived T
cellsin celiac disease. Nat Med. 1998;4(6):713-7.

11. van de Wad Y, Kooy Y, van Veden P, Pefia S, Mearin L, Papadopoulos G, et a.
Selective deamidation by tissue transglutaminase strongly enhances gliadin-specific T cell
reactivity. JImmunol. 1998;161(4):1585-8.

12.  Comerford R, Coates C, Byrne G, Lynch S, Dunne P, Dunne M, et a. Characterisation
of tissue transglutaminase-reactive T cells from patients with coeliac disease and healthy
controls. J Clin Immunol. 2014;154(2):155-63.

13.  Silano M, Vincentini O, De Vincenzi M. Toxic, immunostimulatory and antagonist
gluten peptides in celiac disease. Curr Med Chem. 2009;16(12):1489-98.

14. Lionetti E, Castellaneta S, Francavilla R, Pulvirenti A, Tonutti E, Amarri S, et al.
Introduction of gluten, HLA status, and the risk of celiac disease in children. N Engl J Med.
2014;371(14):1295-303.

15.  Verdu EF, Gaipeau HJ, Jabri B. Novel playersin coeliac disease pathogenesis: role of
the gut microbiota. Nat Rev Gastro Hepat. 2015;12(9):497-506.

16. Lohi S, Mustalahti K, Kaukinen K, Laurila K, Collin P, Rissanen H, et a. Increasing
prevalence of coeliac disease over time. Aliment Pharmacol Ther. 2007;26(9):1217-25.

17.  Choung RS, Ditah IC, Nadeau AM, Rubio-Tapia A, Marietta EV, Brantner TL, et al.
Trends and racial/ethnic disparities in gluten-sensitive problems in the United States: findings
from the National Heath and Nutrition Examination Surveys from 1988 to 2012. Am J
Gastroenterol. 2015;110(3):455-61.

18. Fasano A. Celiac Disease - How to Handle a Clinical Chameleon. N Engl J Med.
2003;348(25):2568-70.

19. Kayar Y, Dertli R, Surmeli N, Bilgili MA. Extraintestina Manifestations Associated
with Celiac Disease. Eastern JMed. 2019;24(4):478-83.

20. Schiepatti A, Sanders DS, Biagi F. Seronegative coeliac disease: clearing the diagnostic
dilemma. Curr Opin Gastroen. 2018;34(3):154-8.

21. Vivas S, Ruiz de Morales M, Fernandez M, Hernando M, Herrero B, Casqueiro J, et
al. Agerelated clinical, serological, and histopathological features of celiac disease. Am J
Gastroenterol. 2008;103(9):2360-6.

33



22. VoltaU, Caio G, Boschetti E, Giancola F, Rhoden KJ, Ruggeri E, et a. Seronegative
celiac disease: Shedding light on an obscure clinical entity. Dig Liver Dis 2016;48(9):1018-22.
23. Ludvigsson JF, Bai JC, Biagi F, Card TR, Ciacci C, Ciclitira PJ, et al. Diagnosis and
management of adult coeliac disease: guidelines from the British Society of Gastroenterology.
Gut. 2014;63(8):1210-28.

24, Rouvroye MD, Wicaksono A, Bosch S, Savelkoul E, Covington JA, Beaumont H, et al.
Faecal Scent asaNovel Non-Invasive Biomarker to Discriminate between Coeliac Disease and
Refractory Coeliac Disease: A Proof of Principle Study. Biosensors (Basel). 2019;9(2).

25. Rubio-Tapia A, Ludvigsson JF, Choung RS, Brantner TL, Rajkumar SV, Landgren O,
et a. Increased mortality among men aged 50 years old or above with elevated IgA anti-
transglutaminase antibodies: NHANES I11. BMC Gastroenterol. 2016;16(1):136-.

26. Biagi F, Marchese A, Ferretti F, Ciccocioppo R, Schiepatti A, Volta U, et a. A
multicentre case control study on complicated coeliac disease: two different patterns of natural
history, two different prognoses. BM C gastroenterology. 2014;14:139-.

27. Holmes GKT, Dunn GI, Cockel R, Brookes VS. Adenocarcinoma of the upper small
bowel complicating coeliac disease. Gut 1980;21:1010-6.

28. Rubio-Tapia A, Hill 1D, Kelly CP, Caderwood AH, Murray JA. ACG Clinical
Guidelines: Diagnosis and Management of Celiac Disease. Am J Gastroenterol.
2013;108(5):656-76.

29.  European Society for Paediatric Gastroenterology HaN. New Guidelines for the
Diagnosis of Paediatric Coeliac Disease 2020.

30.  Husby S, Murray JA, Katzka DA. AGA Clinical Practice Update on Diagnosis and
Monitoring of Celiac Disease—Changing Utility of Serology and Histologic Measures. Expert
Review. Gastroenterol. 2019;156:885-9.

31. Canadian Coeliac Disease Association. A resource for hedth care professionals
screening and diagnosis of Coealic disease Canada: Canadian Coeliac Disease Association
Professional Advisory Council; 2016.

32. National Institute for Health and Care Excellence. Recognition and assessment of
coeliac disease. Auckland: National Institute for Health and Care Excellence; 20009.

33.  Tye-Din J. Interpreting tests for coeliac disease. Aust J Gen Pract. 2018;47:28-33.

34. MakhariaGK, Mulder CJJ, Goh KL, AhujaV, Bai JC, Catassi C, et al. Issues associated
with the emergence of coeliac diseasein the Asia—Pacific region: A working party report of the
World Gastroenterology Organization and the Asian Pacific Association of Gastroenterology.
J Gastroenterol Hepatol. 2014;29(4):666-77.

35. Pefia AS. What is the best histopathological classification for celiac disease? Does it
matter? Gastroenterol Hepatol Bed Bench. 2015;8(4):239-43.

36. Rostami-Ngjad M, Villanacci V, Hogg-Kollars S, Volta U, Manenti S, Reza-Zai M, et
al. Endoscopic and histological pitfalls in the diagnosis of celiac disease: A multicentre study
assessing the current practice. Rev Esp Enferm Dig 2013;105(6):326-33.

37. Weir DC, Glickman JN, Roiff T, Vaim C, Lechtner AM. Variability of
Histopathol ogical Changesin Childhood Celiac Disease. Am JGastroenterol. 2010;105(1):207-
12.

38. Momcilo P, Karolina B, Marko B, Nedeljko R, Zoran L, Zorica S, et a. Degree of
Mucosal Damage and Clinical Presentation of Celiac Disease - Is There a Connection? Int J
Celiac Dis. 2016;4(1):11-5.

39. Pace LA, Crowe SE. Duodena Bulb Biopsies Remain Relevant in the Diagnosis of
Adult Celiac Disease. Clin Gastroenterol Hepatol. 2016;14(11):1589-92.

40. Rubio-Tapia A, Rahim MW, See JA, Lahr BD, Wu TT, Murray JA. Mucosal recovery
and mortality in adults with celiac disease after treatment with a gluten-free diet. Am J
Gastroenterol. 2010;105(6):1412-20.

34



41. Rubio-Tapia A, Hill ID, Kelly CP, Caderwood AH, Murray JA. ACG clinica
guidelines: diagnosis and management of celiac disease. Am J Gastroenterol 2013;108(5):656-
76.

42. Falcomer AL, Luchine BA, Gadelha HR, Szelmenczi JR, Nakano EY, Farage P, et d.
Worldwide public policies for celiac disease: are patients well assisted? Int J Public Health.
2020;65(6):937-45.

43.  SharmagG, Baranwal AK, MehraNK. Chapter 17 - The human leukocyte antigen system
in human disease and transplantation medicine. In: Kumar D, editor. Clinical Molecular
Medicine: Academic Press; 2020. p. 309-25.

44, Sollid LM, Thorsby E. The primary association of celiac disease to a given HLA-DQ
o/B heterodimer explains the divergent HLA-DR associations observed in various Caucasian
populations. Tissue Antigens. 1990;36:136-7.

45.  Sollid LM, Thorsby E. HLA susceptibility genesin celiac disease: Genetic mapping and
role in pathogenesis. Gastroenterology. 1993;105(3):910-22.

46. Leonard MM, Serena G, Sturgeon C, Fasano A. Genetics and celiac disease: the
importance of screening. Expert Rev Gastroenterol Hepatol. 2015;9(2):209-15.

47. Liu E, Lee H, Aronsson CA, Hagopian WA, Koletzko S, Rewers MJ, et a. Risk of
pediatric celiac disease according to HLA haplotype and country. N Engl J Med.
2014;371(1):42-9.

48.  Gandini A, Mampeule N, Jugwanth S, GededzhaMP, Mayne E. A Retrospective Study
on Human Leukocyte Antigen Types and Haplotypes in a South African Population. Arch
Pathol Lab Med. 2020;145(5):441-7.

49. Mrubata KL, Barrow P, Mayne E, Nelson D, De Maayer T. The prevalence of codliac
disease-associated human leukocyte antigensin South African transplant donors and recipients.
S Afr Med J. 2021;111(10).

50. Counsdll CE, Taha A, Ruddell WSJ. Codliac disease and autoimmune thyroid disease.
Gut. 1994;35(6):844-6.

51. O'Leary C, Walsh CH, Wieneke P, O'Regan P, Buckley B, O'Halloran DJ, et al. Coeliac
disease and autoimmune Addison's disease: aclinical pitfal. QIM. 2002;95(2):79-82.

52. McAllister BP, Williams E, Clarke K. A Comprehensive Review of Celiac
Disease/Gluten-Sensitive  Enteropathies. Clinica Reviews in Allergy & Immunology.
2019;57(2):226-43.

53. CohnA, SofiaAM, Kupfer SS. Type 1 diabetes and celiac disease: clinical overlap and
new insights into disease pathogenesis. Curr Diab Rep. 2014;14(8):517.

54, Ludvigsson J, Ludvigsson J, Ekbom A, Montgomery S. Celiac Disease and Risk of
Subsequent Type 1 Diabetes: A general population cohort study of children and adolescents.
Diabetes care. 2006;29:2483-8.

55.  Charlesworth RP. Diagnosing coeliac disease: Out with the old and in with the new?
World J Gastroenterol. 2020;26(1):1-10.

56. Midhagen G, Aberg A-K, Olcén P, Jarnerot G, Vadimarsson T, Dahlbom 1, et al.
Antibody levels in adult patients with coeliac disease during gluten-free diet: a rapid initial
decrease of clinical importance. J Intern Med. 2004;256(6):519-24.

57.  Adriaanse M, Leffler DA. Serum markersin the clinical management of celiac disease.
Dig Dis. 2015;33(2):236-43.

58. Silvester JA, Kurada S, Szwgcer A, Kelly CP, Leffler DA, Duerksen DR. Tests for
Serum Transglutaminase and Endomysial Antibodies Do Not Detect Most Patients With Celiac
Disease and Persistent Villous Atrophy on Gluten-free Diets. a Metaanadyss.
Gastroenterology. 2017;153(3):689-701.

59. Leonard MM, Weir DC, DeGroote M, Mitchell PD, Singh P, Silvester JA, et d. Vaue
of IgA tTG in Predicting Mucosal Recovery in Children With Celiac Disease on a Gluten-Free
Diet. JPediatr Gastroenterol Nutr. 2017;64(2):286-91.

35



60. Fernandez-Prieto M, Fernandez-Acenero MJ, Lopez-Palacios N, Bodas A, Farrais S,
Cuevas D, et a. CX3CL1-CX3CR1 Axis: A New Player in Coeliac Disease Pathogenesis.
Nutrients. 2019;11(11).

61. Adriaanse MP, Leffler DA, Kelly CP, Schuppan D, Ngarian RM, Goldsmith JD, et al.
Serum |-FABP Detects Gluten Responsiveness in Adult Celiac Disease Patients on a Short-
Term Gluten Challenge. Am J Gastroenterol. 2016;111(7):1014-22.

62.  Adriaanse MP, Tack GJ, Passos VL, Damoiseaux JG, Schreurs MW, van Wijck K, et
al. Serum |-FABP as marker for enterocyte damage in coeliac disease and itsrelation to villous
atrophy and circulating autoantibodies. Aliment Pharmacol Ther. 2013;37(4):482-90.

63. Adriaanse MPM, Mubarak A, Riedl RG, Ten Kate FIW, Damoiseaux J, Buurman WA,
et al. Progress towards non-invasive diagnosis and follow-up of celiac disease in children; a
prospective multicentre study to the usefulness of plasmal-FABP. Sci Rep. 2017;7(1):8671.
64.  Auricchio R, Gaatola M, Cielo D, Amoresano A, Caterino M, De Vita E, et a. A
Phospholipid Profile at 4 Months Predicts the Onset of Celiac Disease in at-Risk Infants. Sci
Rep. 2019;9(14303):1-12.

65. Singh A, Pramanik A, Acharya P, Makharia GK. Non-Invasive Biomarkers for Celiac
Disease. JClin Med. 2019;8(6):1-17.

66. Sarikaya M, Ergiil B, Dogan Z, Filik L, Can M, Arslan L. Intestinal fatty acid binding
protein (I-FABP) as a promising test for Crohn's disease: a preliminary study. Clin Lab.
2015;61(1-2):87-91.

67. Wiercinska-Drapalo A, Jaroszewicz J, Siwak E, Pogorzelska J, Prokopowicz D.
Intestinal fatty acid binding protein (I-FABP) as a possible biomarker of ileitisin patients with
ulcerative colitis. Regul Pept. 2008;147(1-3):25-8.

68.  Jones BA, Beamer M, Ahmed S. Fractalkine/CX3CL1: A Potential New Target for
Inflammatory Diseases. Mol Interv. 2010;10(5):263-70.

69.  StorchJ, Thumser AEA. Thefatty acid transport function of fatty acid-binding proteins.
Biochim Biophys Acta. 2000;1486(1):28-44.

70. Ishimura S, Furuhashi M, Watanabe Y, Hoshina K, Fuseya T, MitaT, et a. Circulating
Levels of Fatty Acid-Binding Protein Family and Metabolic Phenotype in the Genera
Population. PLOS ONE. 2013;8(11):e81318.

71.  SinghA,VermaAK, DasP, Prakash S, Pramanik R, Nayak B, et al. Non-immunological
biomarkers for assessment of villous abnormalities in patients with celiac disease. J
Gastroenterol Hepatol. 2020;35(3):438-45.

72.  Oldenburger IB, Wolters VM, Kardol-Hoefnagel T, Houwen RHJ, Otten HG. Serum
intestinal fatty acid-binding protein in the noninvasive diagnosis of celiac disease. APMIS.
2018;126(3):186-90.

73. Imai T, HieshimaK, Haskell C, Baba M, NagiraM, NishimuraM, et a. Identification
and molecular characterization of fractalkine receptor CX3CR1, which mediates both leukocyte
migration and adhesion. Cell. 1997;91(4):521-30.

74. Bazan JF, Bacon KB, Hardiman G, Wang W, Soo K, Ross D, et a. A new class of
membrane-bound chemokine with a CX3C motif. Nature. 1997;385(6617):640-4.

75. Lopez A, Huang Y, Zheng J. Fractalkine. In: Enna SJ, Bylund DB, editors. xPharm: The
Comprehensive Pharmacology Reference. New Y ork: Elsevier; 2007. p. 1-3.

76. Rivas-Fuentes S, Salgado-Aguayo A, Arratia-Quijada J, Gorocica-Rosete P. Regulation
and biological functions of the CX3CL1-CX3CRL1 axis and its relevance in solid cancer: A
mini-review. J Cancer. 2021;12(2):571-83.

77. Pietz G, DeR, Hedberg M, Sjoberg V, Sandstrom O, Hernell O, et al. Immunopathol ogy
of childhood celiac disease - Key role of intestinal epithelia cells. PLOS One. 2017;12(9):1-
27.

78.  Murphy G, Caplice N, Molloy M. Fractalkine in rheumatoid arthritis: areview to date.
Rheumatology (Oxford). 2008;47(10):1446-51.

36



79.  Takahashi K, Ohara M, Sasa T, Homma H, Nagasawa K, Takahashi T, et al. Serum
CXCL1 concentrations are elevated in type 1 diabetes mellitus, possibly reflecting activity of
anti-islet autoimmune activity. Diabetes Metab Res. 2011;27(8):830-3.

80. CohnA, SofiaAM, Kupfer SS. Type 1 diabetes and celiac disease: clinical overlap and
new insights into disease pathogenesis. Curr Diab Rep. 2014;14(8):517-.

81. Poddighe D, Capittini C, Gaviglio |, Brambillal, MarsegliaGL. HLA-DQB1*02 allele
in children with celiac disease: Potential usefulnessfor screening strategies. Int JImmunogenet.
2019;46(5):342-5.

82.  Siddiqui K, Ugaili AA, Rafig M, Bhutto MA. Human leukocyte antigen (HLA)-DQ2
and -DQ8 haplotypesin celiac, celiac with type 1 diabetic, and celiac suspected pediatric cases.
Medicine 2021;100(11):e24954.

83. Piccini B, Vascotto M, Serracca L, Luddi A, Margollicci MA, Balestri P, et al. HLA-
DQ typing in the diagnostic algorithm of celiac disease. Rev Esp Enferm Dig. 2012;104(5):248-
54.

84. Martinez-Ojinaga E, Molina M, Polanco |, Urcelay E, Nufiez C. HLA-DQ distribution
and risk assessment of celiac disease in a Spanish center. Rev Esp Enferm Dig
2018;110(7):421-6.

85.  Schneider CV, Kleinjans M, Fromme M, Schneider KM, Strnad P. Phenome-wide
association study in adult coeliac disease: role of HLA subtype. Aliment Pharmacol Ther.
2021;53(4):510-8.

86. Dadfar E, Ghaderi A, Moshfegh A, Barcenilla H, Casas R, Samuelsson U. Reduced
level of CX3CRL1 positive T-cells and monocytes in children with, newly diagnosed, Type 1
diabetes. J Immunol. 2020;204(1):59.7.

87. Long KH, Rubio-Tapia A, Wagie AE, Melton LJ, 3rd, Lahr BD, Van Dyke CT, et al.
The economics of coeliac disease: a population-based study. Aliment Pharmacol Ther.
2010;32(2):261-9.

37



Appendix

1. Ethics Approval Certificate

oG s o HUMAN RESEARCH ETHICS
! \ AN ) [ E bl
WITWATIERSRAND, @ COMMITTEE (MEDICAL)

JOHANNESBLUIRG

Office of the Deputy Vice-Chancellor (Research & Post Graduate Affairs)

TO: Ms A Gandini
School of Pathology
Department of immunology
Medical School
University

E-mail: anastasiagandini@gmail.com

CcC: Supervisor: Prof E Mayne; Drs M Gededzha and T De Maayer
<Elizabeth.Mayne@nhis.ac.za>
and <HREC-Medical.ResearchOffice@wits.ac.za>

FROM: lain Burns
Human Research Ethics Committee (Medical)
Tel: 011 717 1252

E-mail: lain.Burns@wits.ac.za
DATE: 2020/08/04
REF: R14/49

PROTOCOL NO: M200337 (This is your ethics application study reference number. Please
guote this reference number in all correspondence relating to this study)

PROJECT TITLE: Genetic and serological concordance in patients with
suspected coeliac disease

Please find attached the Clearance Certificate for the above project. | hope it goes well and
that an article in a recognized publication comes out of it. This will reflect well on your
professional standing and contribute to the Government funding of the University.

> |
/
\

\

%

MSWorks2000/12in0007/Clearscan. wps



39

i
: ¥R 2-
PNV ASSE 1Y € ) L <
Yo —

ORI o T \EL V2 YOI ANILY e
WHTAWA T RSRANID Y
OFEASINESHURG,

R14/43 Ms A Gandini

HUMAN RESEARCH ETHICS COMMITTEE (MEDICAL)
CLEARANCE CERTIFICATE NO. M200337

NAME: Ms A Gandini
(Principal Investigatar)

DEPARTMENT: School of Pathclogy
Department of Immunology
Medical School
University

PROJECT TITLE: Genetic and serological concordance in patients with
suspected coeliac disease

DATE CONSIDERED: 2020/03/27
DECISION: Appreved unconditionally
CONDITIONS:
SUPERVISOR: Prof E Mayne; Drs M Gededzha and T De Maayer
b
C P
APPROVED BY: J/(‘, U lary
Dr CB Penny, ChairperspnHREC (Medical)
DATE OF APPROVAL: 2020/08/04

This clearance certificate is valid for 5 years from the date of approval. Extension may be applied for.

DECLARATION OF INVESTIGATORS

To be completed in duplicate and ONE COPY returned to the Research Office Secretary on the 3rd
Floor, Phillip Tobias Building, Parktown, University of the Witwatersrand, Johannesburg.

l/we fully understand the conditions under which | am/we are authorized to carry out the above-
mentioned research and l/iwe undertake to ensure compliance with these conditions. Should any
departure be contemplated, from the research protocol as appreved, l/iwe undertake to submit details to
the Committee. | agree to submit a yearly progress report. When z funder requires annual re-
certification, the application date will be one year after the date when the study was initially revicwed.
In this case, the study was initially reviewed in March and will therefore reports and re-certification will
be due early in the month of March each year. Unreporied changes to the application may invalidate
the clear iven by the HREC (Medical).

) 05 j yg/ e
Principatiadestigator Signature Date




UNIVERSITY OF THE
WITWATERSRAND,
JOHANNESBURG

% HUMAN RESEARCH ETHICS
COMMITTEE (MEDICAL)

2021/09/06
Ms A Gandini
School of Pathology
Department of Immunology
Medical School
University

Sent by e-mail to: anastasiagandini@gmail.com
Dear Ms Gandini

Re: Protocol Ref No: M200337
Protocol Title: Genetic and serological concordance in patients with suspected
coeliac disease
Principal Investigator: Ms A Gandini

Thank you for your letter of 2021/08/26
I confirm that we have noted and approve of your proposed study amendments, as follows:
1. Dr G Landau will become an additional investigator on the study
2. a project-specific blood draw will be introduced for Dr Landau’s patients, who will
receive compensation for the travel costs involved
3. a Facebook post will be used to draw the study to the attention of potential additional
participants

Thank you for keeping us informed.

Yours Sincerely

Mr | Burns
For the Human Research Ethics Committee (Medical)

40



2. Declaration: Student’s contribution to article(s) and agreement of co-author(s)

I, Anastasia Gandini, student number [1348734], declare that this Dissertation is my own work and
that | contributed adequately towards research findings published in the article(s) stated below

which are included in my Dissertation.

Agreement by co-authors: By signing this declaration, the co-authors listed below agree to the use of
the article(s) by the student as part of her Dissertation. In cases where the student is not the 1°
author of a published article, the primary supervisor must explain (under comments) why the

student is entitled to use the paper for his/her degree purposes.

1. Article 1: Title: Diagnosing coeliac disease: A literature review
Journal name, year, volume and page numbers: Human Immunology. 2021;82(12):930-6

Authors Name Signature Date

1stauthor Anastasia Gandini TN 01/03/2022

2" quthor Maemu P. Gededzha ) 01/03/2022
@)C}‘Qe\‘/ — 03/

3" author Tim De Maayer e 01/03/2022

.

4t author Peter Barrow 01/03/2022

%«M&\ )

5t quthor Elizabeth Mayne %’_ﬁ 01/03/2022

Comments by primary supervisor: N/A

2. Article 2: Title: Coeliac disease high-risk HLA alleles in a South African type one diabetic

population
Journal name, year, volume and page numbers: Submitted to Clinical Laboratory
16.08.2022
Authors Name Signature Date
1%author Anastasia Gandini 7 24/03/2022
2" quthor Nicole Van Wyk /. 24/03/2022
_’_ Lancnd
3" author Tim De Maayer @ 24/03/2022

41



4" author

Maemu P. Gededzha

(E;;ébvﬁ)€%51%>,,f)

24/03/2022

5t author

Elizabeth Mayne

A

24/03/2022

Comments by primary supervisor: N/A

3. Atrticle 3: Title: Intestinal fatty acid binding protein (I-FABP) and CXC3L1 evaluation as
biomarkers for patients at high-risk for coeliac disease in Johannesburg, South Africa

Journal name, year, volume and page numbers: Cytokine. 2022;157 (in press).

Authors Name Signature Date

1% author Anastasia Gandini 7 08/03/2021
2" quthor Tim De Maayer S 08/03/2021
3" author Cameron Munien 08/03/2021
4™ aquthor Katherine Bertrand 08/03/2021
5t author Ross Cairns 08/03/2021
6t author Anthony Mayne WW 08/03/2021
7t author Maemu P. Gededzha , \ 08/03/2021

WA edid, 03/
8t author Elizabeth Mayne 08/03/2021

Comments by primary supervisor: N/A

42



3. Publishers Copyright

3.1 Publication 1:

SReply & Replyall —>Forward [ Archive [il] Delete  *+*

Re: Submission of manuscript as a part of Masters degree
[220303-011082]

@ Permissions Helpdesk <permissionshelpdesk@elsevier.com> E
2022/03/05 10:29

To: anastasiagandini@gmail.com

Dear Anastasia Gandini
Thank you for your e-mail.

As the author of this published article, you are allowed to use it in your thesis/ dissertation
with the following credit line:

“Reprinted by permission of Elsevier from (title of the article), by (author) Human
Immunology, Vol No, pp, Copyright year by the American Society for
Histocompatibility and Immunology.

Please let me know if you have any further questions.
Kind regards,
Roopa Lingayath

Senior Copyrights Coordinator
| HCM - Health Content Management

Visit Elsevier Permissions

43



3.2 Publication 2:

cnoske@clin-lab-publications.com <cnoske@clin-lab-publications.com> Wed, Aug 17, 11:26 AM (1day ago) ¥ “ :

tome =

Dear Author,

thank you for submitting your manuscript.

It is now under consideration whether it falls within the confines of our journal.

Best regards,

Christina Noske (Mrs)

Clinical Laboratory Publications GmbH
Editorial Office

Stubenwald-Allee 8a

64625 Bensheim/GERMANY

T: +49 6251 70190-246

3.2 Publication 3:

CCC rightstink f = - v

Home Help v Email Support Signin Create Account

Intestinal fatty acid binding protein (I-FABP) and CXC3L1 evaluation as biomarkers for patients
at high-risk for coeliac disease in Johannesburg, South Africa

CYTOKINE Author:
Anastasia Gandini,Tim De Maayer,Cameron Munien,Katherine Bertrand,Ross Cairns,Anthony Mayne,Maemu P.
Gededzha,Elizabeth S. Mayne

Publication: Cytokine
Publisher: Elsevier
Date: September 2022

@ 2022 Elsevier Ltd. All rights reserved.

Journal Author Rights

Please note that, as the author of this Elsevier article, you retain the right to include it in a thesis or dissertation, provided it is not published
commercially. Permission is not required, but please ensure that you reference the journal as the original source. For more information on this and
on your other retained rights, please visit: https://www.elsevier.com/about/our-business/policies/copyright#Author-rights

BACK CLOSE WINDOW

44



