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Resumo

A Doenca de Crohn (DC) é um distirbio autoimune que apesar de ser amplamente
investigado, ainda ndo tem origem conhecida. Neste estudo, investigou-se a possibilidade de
usar o perfil de bactérias revestidas por immunoglobulina A (IgA) e pelas subclasses de IgG, em
amostras fecais de pacientes com DC, como um biomarcador que diferenciasse individuos
saudaveis de pacientes com DC, e em patrticular, para distinguir pacientes que tivessem a doenca
ativa daqueles que estdo em fase remissiva. Para além disso, foram investigadas possiveis
correlacdes e associacdes com marcadores usados para a doenca, bem como com
caracteristicas dos pacientes como por exemplo a localizacdo da doenca

As amostras fecais foram obtidas de 53 pacientes, sendo que cada paciente doou duas
amostras que foram recolhidas em dias diferentes que correspondem a visita 1 e visita 2. Na
primeira visita, todos os pacientes estavam em remissdo enquanto que, na segunda, 34
permaneciam em remissdo e 19 apresentavam doenca ativa. Foram ainda analisadas 20
amostras de individuos saudaveis e mais 9 amostras de pacientes com DC que s6 doaram uma
amostra. A quantidade de bactérias revestidas por cada um dos anticorpos foi obtida através de
citometria de fluxo.

A DC demonstrou estar associada a um valor elevado de IgA, 1gG2 e IgG4. Contudo, os
resultados referentes a IgG2 e IgG4 foram ambiguos. A Escala de fezes de Bristol foi o marcador
que apresentou mais correlagbes com a fase ativa da doenca.

O perfil de revestimento das bactérias pelos anticorpos, ndo demonstrou potencial para ser
usado para distinguir entre estados da doenca, e entre pacientes e individuos saudaveis.
Contudo, o tratamento dos doentes pode ter influenciado os resultados obtidos e por isso, em

estudos futuros, devem ser usados pacientes que nunca tenham recebido tratamento.

Palavras-chave:

Patogénese; Doenca de Crohn; Anticorpos; Microbiota Intestinal; Immunopatogénese
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Abstract

Crohn’s disease (CD) is an autoimmune disorder that is widely investigated, but the aetiology
is not yet fully elucidated. In the present study, it was investigated if the profile of bacteria-coating
by IgA and the four IgG subclasses, in faecal samples, can be used as a biomarker to differentiate
healthy individuals and patients suffering from CD, and to distinguish CD patients in remission
and active disease. In addition, were studied possible correlations to currently used disease
markers and to patient’s characteristics such as disease location or age at diagnosis.

Faecal samples were obtained from 53 CD patients each donating two samples representing
two-time points referred to as visit 1 and visit 2. At the first visit all patients were classified as
being in remission, whereas at the second visit 34 remained in remission and 19 patients had
entered active disease. For a comparison study, faecal samples from 20 healthy individuals and
another 9 CD patients were obtained. Bacterial coating by IgA and the four IgG subclasses was
determined by a quantitative flow cytometric assay. CD showed to be related with an increase
level of IgA, 1gG2 and IgG4. However, the results concerning IgG2 and IgG4 are ambiguous. The
Bristol Stool Scale is the used disease marker that shows more correlations with active disease.

The profile of bacteria coating found for all the antibodies, neither shows potential to
distinguish disease state, nor to distinguish between healthy individuals and CD patients.
However, the treatment of patients might have influenced the results, and thus in future studies,
patients that did not receive treatment should be used.

Keywords:

Pathogenesis; Crohn’s disease; Antibodies; Gut Microbiota; Immunopathogenesis
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|. Introduction

In the past decades, the incidence of CD has been increasing in industrialised countries in
Europe and North America. Currently, a rise has also been reported in Asian countries in line with
westernization.

CD can affect any part of the gastrointestinal tract and can be transmural and discontinuous
being associated with periods of active inflammation with symptoms such as abdominal pain and
(bloody) diarrhoea, alternated with periods of remission. The disease can also express
extraintestinal inflammation.

Treatment is merely symptom-based and focuses in inducing or maintaining remission,
showing limit long-term efficacy. About 50% of patients undergo surgery within 10 years of
diagnosis, this is due to the lack of biomarkers or methods that allow to predicate relapse.

Although the exact aetiology of CD is still unknown, the disease was associated with risk
factors such as smoking, gene predisposition, gene mutation, defects in the immune system and
above all, the gut microbiota is pointed as the most important factor in the disease development
being associated with mucosal inflammation. Thus, monitoring mucosal inflammation is crucial to
limit the complications that can arise from extended inflammation. Endoscopy is the current
standard but is expensive and, most of all, an invasive procedure for the patients that most of
times is associated with relapses. In addition, several disease markers such as FC (Faecal
Calprotectin) and CRP (C-Reactive Protein) are used to evaluate disease activity, but they lack
specificity for CD. It is believed that CD results of a complex interplay between the host gut
microbiota and environmental factors, in humans that have a genetic predisposition. A continuing
inflammation in the gut will disrupt the intestinal barrier function and will lead to an uncontrolled
and exacerbating response by the mucosal immune system that may be related to the production
of antibodies.

Previous studies associated CD to IgG and IgA increase, but most of the research was based
in serum samples that do not necessarily correlate with gut inflammation. Thus, the use of faecal
samples, that are easy to obtain, is a better alternative since it is representative of mucosal
inflammation in CD patients.

Finding a new biomarker, specific for Crohn’s disease and non-invasive, would enable the
prediction of relapse, the monitoring of the effect of therapy and asses the disease activity and
risk of complications. Furthermore, it would decrease the costs associated with the disease once
it could predict the complications before surgery being needed.

Therefore, the present study aimed to investigate the profile of bacteria coating by IgA and
IgG subclasses in faecal samples of CD patients to understand if this profile could be used as a
biomarker for Crohn’s Disease. Specifically, it was studied if the profile could be used to
distinguish healthy individuals from CD patients and CD patients in remission from CD patients
with active disease. Additionally, it was intended to evaluate possible associations and
correlations of this profile with the currently used disease markers and with the patient
characteristics namely, disease location, disease phenotype, age at diagnosis, gender and

smoking history.






ll. Theoretical background

[I.1. The Mucosal Immune System in the Intestines
The gastrointestinal tract is crucial for the proper functioning of the human body once it is
responsible for the nutrients absorption. Intestines are the part of the gastrointestinal tract where
the intake of nutrients occurs, named the lower gastrointestinal tract. The human gut is a result
of a symbiotic interaction between host and commensal bacteria.
A mucus layer covers the intestines, working as a barrier for pathogens, but also providing a
good environment  for commensal
microorganisms. The mucus is produced by

goblet cells'. The mucosal immune system

can distinguish commensal microbiota from Stomach
pathogens through pattern recognition 7D“°de"”'"\|_7 \J;f B

receptors (PRR) and among those toll like  smal

Jejunu

receptors (TLR) that are able to recognise ' ’ T ‘ = Colon
lleum: - 2 ‘l
pathogen-associated molecular patterns N | ‘*J_)\Tf( )
, ! “~ _;_J "
(PAM P)2 Appendlx—li— \ A

/ Rectum—— !

The small intestine is divided in three f |
:‘ |

. . . Figure 1. Overview of human gut. (reproduced from
1) and is responsible for the production of wartinez-Guryn et al., 2018).

parts: duodenum, jejunum and ileum (Figure
several enzymes needed for food Small intestine is divided in duodenum, jejunum and ileum.
degradation®. Villi, finger-like projections that exist in the small intestine (mostly composed by
enterocytes), increase the surface area available for an efficient nutrient absorption*. The high
superficial area makes the small intestine vulnerable to infections. Therefore, this region is known
for having high presence of lymphoid tissues allowing better protection of the epithelium barrier>.
Molecules such as immunoglobulin A (IgA) and antimicrobial peptides (AMPs), such as the
defensin and cathelicidins family of proteins, are involved in the protection against non-
commensal bacteria®. Part of the antimicrobial peptides are synthetized by Paneth cells that are
present in the small intestine but absent from the large intestine 6.

The gut-associated lymphoid tissue (GALT), present throughout the intestine, is also
associated with gut protection. Epithelial cells separate the GALT from the lumen intestine and its
components. Peyer’s patches (PPs), mesenteric lymph nodes (MLNs) and Isolated lymphoid
follicles (ILFs) are part of the GALT that is associated with adaptive responses’. The adaptive
responses are carried out by T and B cells. Besides T and B cells, the Peyer’s patches also
include dendritic cells (DCs) and the epithelium above is covered by microfold (M) cells. M cells
allow the contents from lumen to cross the epithelial barrier which is crucial for nutrient intake, but
increases the gut vulnerability to infectious® (Figure 29).

The large intestine, known as colon, receives the unabsorbed contents from the small
intestine, and is the environment of an elevated number of commensal bacteria. The main function
of the large intestinal tract is to protect epithelial tissue from invasion and due to that, the mucus

layer in the colon is very thick and the number of goblet cells is greater than in the small intestine.
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Unlike the small intestine, the large intestine does not contain villi but only crypts that expedite
the water intakeb.

Although the presence of certain types of microbionts is adverse for the gut, the majority of
the microbiota is fundamental for intestinal homeostasis preventing dysbiosis, an adverse change
of the composition and function of the gut microbiota. Studies showed that germ-free animals had
defects on GALT and in antibodies production which corroborates the importance of microbiota
to mucosal immune system. Besides that, several diseases have been associated to an
inappropriate inflammatory response that is related with dysbiosis in the immune interaction
between microbiota and immune system2. The mechanisms responsible for these diseases are
still unknown. Therefore is crucial to acquire insight on the mucosal immune system in the human

intestines.
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Figure 2. Overview of immune-related tissue in the human gut (reproduced from Peterson et al., 2014).

Intestinal epithelial cells (IECs) act as a barrier between lumen and the mucosal immune system. Epithelial, stromal and
haematopoietic cells are part of the IECs. The pathogens are excluded from the epithelial surface through the action of
mucus and antimicrobial proteins (AMPs) secreted by goblet cells and Paneth cells. The secretory IgA (slgA) further
interact with bacteria to also protect the mucosal immune system. Microfold cells (M cells) and goblet cells mediate
transport of luminal antigens and live bacteria across the epithelial barrier to dendritic cells (DCs), and intestine-resident
macrophages sample the lumen through transepithelial dendrites. In the colon, a second layer of mucus is present to
ensure higher protection once the number of bacteria is higher.



I1.2. Crohn’s Disease

Crohn’s disease is a major chronic inflammatory bowel disease (IBD) recognised in 1932. IBD
is thought to be driven by an abnormal immune response to intestinal microbiota in genetically
predisposed individuals, comprising CD and ulcerative colitis (UC)1°. There is no sex-specific
distribution in adult Crohn’s disease and the onset of the disease usually occurs in the second to
fourth decade of life. Additionally, there seems to be a smaller peak that has been described from
50 to 60 years of age!™.

Incidence and prevalence of Crohn’s disease are greater in developed countries than in
developing countries and in urban areas than in rural areas. Prevalence is highest in Europe (322
per 100 000), Canada (319 per 100 000) and the USA (214 per 100 000)*2. Curiously, areas of
low incidence and prevalence, such as Asia, have observed a steady increase in annual incidence
of CD (0.54 per 100 000)13,

The CD patients are classified according to their age at diagnosis, disease phenotype and

location based on the Montreal classification* (Figure 3).

Montreal L-category

L1 L2 L3 L4 L4+L3
Terminal ileum Colon lleocolon Upper Gl tract Upper Gl tract and
distal disease

Montreal B-category

B1 B2 B3 B3p
Without stricture Stricturing Penetrating Perianally penetrating
formation

non-penetrating

Figure 3. Montreal classification for Crohn’s Disease (reproduced from Baumgart and Sandborn,
2012).

Classification by age is Al <16 years, A2 17-40 years, A3 >40 years. CD can affect the terminal ileum
(L1); colon (L2); ileum and colon (L3) and upper Gl tract (L4). L4 is also used as a modifier that can be
added to L1-L3 when concomitant upper Gl disease is present. Disease behaviour can be described as
non-stricturing and non-penetrating (B1); stricturing (B2) and penetrating (B3). p is added to B1-3 when
concomitant perianal disease is present. Gl=gastrointestinal. p=perianal disease modifier.



CD is mostly manifested in the terminal ileum (30% of CD patients) and colon (20% of CD
patients) although inflammation can be present anywhere in the gastrointestinal tract from the
mouth to the anus!415. The disease is characterized by a discontinuous pattern of inflammation
since bowel segments with active inflammation alternate with normal segments. The location of
the affected bowel segments usually remains stable during the course of CD, and only about 15%
of patients have changes in disease location over a period of 10 years'®. Same patients have
relapses of active disease but also experience periods of remission with less severe symptoms.
On the other hand, some patients have constantly active disease with no spontaneous
remissions?’.

The symptoms can vary accordingly to the site, the age of the patient, the duration of the
disease, and the disease severity, but the most common ones include abdominal cramping, pain,
rectal bleeding, diarrhea, loss of appetite, weight loss, and fatigue. The disease progression may
lead to complications such as the onset of fistulas, abscesses and strictures. Although CD is a
disease of the gastrointestinal tract, inflammation in CD is not restricted to it and extraintestinal
manifestations of the disease may occur. Frequently patients present skin and eye problems, joint
paint, liver inflammation, mouth ulcers, anemia and are more propitious to develop osteoporosis.
These complications frequently require surgery, and in spite of modern medical therapy, 40-71%
of patients need surgical therapy within 10 years after diagnosis?8.

Currently, the diagnosis is based on a combination of methods including for instance
endoscopy, histology on colonic biopsies and tests for biomarkers such as CRP and FC and
lactoferrin. Immunologic biomarkers in serological samples are used to recognise self-antigens
or cross-reacting with several bacterial and fungal antigens. Distinguish between UC and CD is
often a hard task due to the substantial group of IBD patients with ambiguous colonic diseases.
Cross-sectional imaging using, for example ultrasonography, computed tomography, magnetic
resonance imaging and barium contrast radiology are helpful to detect small bowel inflammation
and lesions indicating the diagnosis of CD. As opposed to endoscopy, cross-sectional imaging is
a non-invasive method that readily can detect the complications of strictures, abscesses and
fistulas and in general assess the thickness of the bowel'®. Disease activity, location and severity
dictate the choice of treatment. If the patient suffers from mild to moderate disease without
complications, the first line medicaments are corticosteroids like budesonide to induce clinical
remission, mixed with immunosuppressants such as thiopurines in order to maintain the
remission. If the disease is severe with extensive bowel damage and complications, and the
patient is unresponsive to previous treatments, administration of anti-TNF-a agents, such as
infliximab is proposed??.

Several CD patients undergo surgery during their life, often more than one surgery, either
because of complications that exacerbate disease state, unresponsiveness to treatment and
intolerance to the medicaments?. Although the precise aetiology of CD is still unknown, it is
believed that the disease results from a complex interplay between genetic susceptibility,
environmental factors, and altered gut microbiota, leading to dysregulated innate and adaptive

immune responses!!. Several animal models of intestinal inflammation have been developed



using chemical induction, immune cell transfer, or genetic manipulations. More recently, murine
models of chronic ileal inflammation that spontaneously develop and closely resemble human CD
with regard to disease location, histologic features and clinical response to therapy have been
characterized?!. Although these models allowed significant progress in our understanding of the
mechanisms involved in CD, to mimic the complex inflammatory state observed in CD is still a
challenge.

In the following sections, a review concerning the risk factors for CD is presented.

I1.2.1. Genetic Susceptibility

The role of genetic factors in CD has always been considered relevant. Even though genetic
susceptibility is related with CD arising, it only explains 23% of the CD cases?2.

Some studies pointed out that having a relative with a history positive for IBD is a risk factor
and that the disease pattern of the relatives could be of great help to predict the phenotype and
disease course of the patient. Nevertheless, the lifetime risk for developing CD when a first degree
relative has IBD is only up to 5%723.

Genetic studies with twins support the idea that CD is related with genetics. Monozygotic twins
showed a phenotypic similarity of 36% regarding to the location of the disease thus providing an
evidence for a genetic contribution to CD susceptibility4.

Over the years, more than 140 different genetic loci in 17 chromosomes were found to be
implicated in CD genetic susceptibility?>. These loci encode proteins related with homeostatic
mechanism such as innate pattern recognition receptors, Thl7-lymphocytes differentiation,
maintenance of epithelial barrier integrity, autophagy and secondary immune response2s.

In 1996, Hugot and colleges discovered a susceptibility locus for CD in chromosome 16, IBD1,
which in 2001 lead to the identification of the gene most strongly associated with CD,
NOD2/CARD15%728, The NOD2 gene product, previously known as CARD15, is composed by
two caspase recruitment domains (CARD), a nucleotide-binding domain (NBD) and a leucine-rich
repeat region (LRR region). NOD2 is highly expressed in ileal Paneth cells thus several studies
revealed that mutations in NOD2 are associated with ileal CD?°. NOD?2 plays a crucial role in
immune response once it recognizes muramyl dipeptide (MDP), that is present in peptidoglycan
of bacteria®.

In presence of MDP, NOD?2 protein activates the nuclear factor-kappa-B (NF-kB) which leads
to the production of a variety of cytokines, chemokines, and antimicrobial peptides (TNF-q,
interleukin (IL)-6, IFN-y, IL-1B, IL-10, IL-8/ CXCL8, and a-defensin) depending on cell typess!.
Polymorphisms in NOD2 gene located within or close to the LRR domain that recognizes MDP
suggests that NOD2-mediated susceptibility to disease may be caused by a failure to activate
NF-kB pathway3. On the contrary, CD patients showed elevated levels of pro-inflammatory
cytokines related with an increased NF-kB activation3? which is the reason for the disease
treatment to be based on sulphasalazine and glucocorticoids- NF-kB inhibitors33. One possible
explanation to this contradiction was suggested by the discovery that NOD2 could negatively

attenuate NF-kB signalling in response to TLR2 activation34. Combining all the different studies



leads to the suggestion that NOD2's function may positively or negatively influence NF-kB
surrounding according to different conditions3s,

Several studies reported that NOD2 is also involved in the production of a subset of a-
defensins that are produced in Paneth cells located in the crypts of the small intestine??3¢. These
studies revealed an altered expression of a-defensins in ileal CD patients and supported the idea
that NOD2, once again, confers genetic susceptibility®”. On the other hand, Simms and colleges®®
(2008) report that the reduction on a-defensins in ileal CD patients are associated with
inflammation and not to NOD2 mutations. Further studies are needed to clarify if NOD2 is related
or not with the decrease of a-defensins.

Defects in autophagy, the process by which cells surround and destroy foreign invaders such
as viruses and bacteria, was also related with CD genetic susceptibility. ATG16L1 and IRGM
were two of the genes associated with malfunctions of this process.

IRGM gene codes for a protein, belonging to a family of interferin-inducible immunity related
GTPases (IRGs), that activates autophagy in infected cells, for example, with bacteria that causes
tuberculosis®.

ATG16L1 is part of a large protein complex crucial for autophagy and plays a role on Paneth
cells function. Patients with deficiencies in ATG16L1 gene presented Paneth cells with notable
abnormalities in the granule exocytosis pathway, compromising the phagocytosis process*°.

Both ATG16L1 and IRGM deficiency showed increased adherent invasive Escherichia coli
(AIEC). ATG16L1 deficiency abolishes the ability of cells to form autophagosomes, which allows
the growth of AIEC#L. AIEC is a pathogenic group that has the ability to invade epithelial cells and
survive and replicate within macrophages and is associated with ileal mucosal CD
pathogenesis*2.

NOD2 (as well as his homolog, NOD1) is also involved in the autophagy process once it
recruits ATG16L1 gene product to the plasma membrane at the bacterial entry site. Deficient
NOD?2 is not able to recruit ATG16L1 having implications on autophagy. Therefore, both ATGL16
and NOD?2 have to be intact for the proper functioning of the autophagy pathway*3. Mutation in
any of these genes will lead to an insufficient antigen presentation due to effects in major
histocompatibility complex (MHC) class Il processing, affecting T cell response*“.

In spite of the large number of loci that have been discovered, genetic factors explain only
about 20% of the heritability of CD7. Besides that, it seems that it is not a specific mutation that

causes the disease but instead a complex interplay between genetics and gut microbiota.

II.2.2. Environmental Factors
Many environmental factors have been associated to CD, the most studied include smoking,
diet, drugs, geographical and social status, stress, microbial agents and intestinal permeability?”.
These are related with developed and urbanised countries which are the most affected by CD4.
Cigarette smoking, which is the best studied environmental factor, proved to increase the risk

of CD and exacerbating the disease!’. In addition, smoking appears to increase the risk for



surgery and boosts the relapse rate of CD. Furthermore, smoking cessation seems to improve
CD*s.

Contrary to what it is though, stress is not an initiating factor but acts as a modulator of the
disease. A reduction in dietary fibre and an increase in saturated fat intake have also been
associated with increased risk*™.

Antibiotic exposure is also related with CD, in particular, antibiotic exposure in childhood
increases the risk of Crohn’s disease suggesting that antibiotic intake has an important role in CD
evolution??,

Infectious agents were also pointed as relevant for CD, supported by the observation that CD
frequently occurs after infectious gastroenteritis*’. Furthermore, dysbiosis and augmented
translocation of commensal bacteria into the bowel wall have been described in CD, suggesting

that bacterial antigens may cause immune cell activation in this disease?*é-50,

[1.2.3. Gut Microbiota

The intestines are composed by more than 100 trillion different microbial organism that are
collectively referred as the gut microbiota®!. Bacteria is the major group of gut microbiota, with
99% of the bacteria present in the intestines belonging to one of these phyla: Firmicutes,
Bacteroidetes, Proteobacteria and Actinobacteria®?. Bacteria populations composition and
number vary with the location in the gastrointestinal tract, increasing from the jejunum to the
colon®3,

As previously mentioned, the gut microbiota has functions related with the immune system,
metabolism, defence of the host and nutrition. Intestinal microbes are capable of degrading
certain carbohydrates that human digestive enzymes are not (for example starch and cellulose)
through fermentation that gives rise to short chain fatty acids (SCFA). The gut microbiota is also
involved in the production of vitamin K, some components of vitamin B and some amino acids®455,
Furthermore, gut microbiota has a crucial role in the gut development once the maturation of
GALT is due to a post-natal interaction with the microbes that leads to the expansion of lymphoid
tissue®s. The development of T cells is also associated with microorganism presents in the gut®’.
Hence, the production of IL-17A, IL-17F, IL-21, and IL-22 is also mediated by the gut microbiota
once those interleukin are produced by Th17 cells, a subtype of effector T cells5.. The presence
of beneficial bacteria is fundamental to protect the gut from pathogenic organisms once they
compete for mucosal attachment sites%8. Although bacteria can act as protective agent, they are
also associated with the pathogenesis of IBD.

Several studies reported that a change in gut microbiota is present in both mucosal and faecal
samples of IBD patients®. Dysbiosis in CD is associated with a decrease in Bacteroidetes and
Firmicutes phyla in particular, Clostridium clusters XIVa and 1V, These phyla are responsible for
the production of SCFAs such as butyrate that has an anti-inflammatory role in the gut and is a
primary energy source for colonic epithelial cells!t. The decrease of SCFAs and, consequently,
the reduction in butyrate availability compromises the differentiation and expansion of T regulatory

cells (Treg) and the growth of epithelial cells which is reflected in intestinal homeostasis®162, For



example, Faecalibacterium prausnitzi (F. prausnitzii), that belongs to the Clostridium cluster IV,
is known for butyrate production and its decrease is related with the risk of relapse of ileal CD
after surgery. The anti-inflammatory nature associated with F. prausnitzii was also enlighten by
Sokol and colleagues®® (2008) who discovered that human peripheral blood mononuclear cells
stimulated with F. prausnitzii induced the production of IL-10 (an anti-inflammatory cytokine) and
inhibited the synthesis of IL-12 and IFN-y (inflammatory cytokines).

Dysbiosis in CD patients has also been associated with an increase of certain species such
as Gammaproteobacteria and Actinobacteria, but mainly Escherichia coli. AIEC associated with
CD has pro-inflammatory properties. It is reported that 1/3 of CD patients have an increased AIEC.
These bacteria are capable of crossing the mucosal barrier, surviving and leading to the secretion
of a large number of TNF-a (pro-inflammatory cytokine) that induces intestinal inflammation®4.
Besides the secretion of TNF-a, some strains of AIEC appear to be involved in granuloma
formation, that is also an inflammatory response that commonly occur in CD patients®®.

Another specific microbe that has been studied is Mycobacterium avium subspecies
paratuberculosis (MAP). MAP is related with chronic intestinal inflammation in dogs, nonhuman
primates and cattle. Some CD patients showed a higher level of MAP/MAP-DNA,; antibodies to
MAP; and MAP-reactive T cells in mucosal tissues®67. Moreover, genetic studies showed that
CD patients that have NOD2 mutation also show defective MAP recognition®. Furthermore,
mutations in a gene associated with autophagy (ATG16L1) is related with MAP®. However,
several studies have contradictory results. For example, Elguezabal et al.” and Juste et al.”*
found higher MAP-DNA content in healthy individuals comparing to CD patients. Additionally, CD
patients treated with anti-mycobacterial drugs didn’t show any improvement which suggests that
MAP does not play a role in CD72. More data is needed to assess the role of MAP in CD
pathogenesis.

Several strategies to manipulate the gut microbiota have been studied, including antibiotic and
probiotic use and faecal transplantation.

Concerning the use of antibiotics, they have an important role in managing complicated CD.
Several studies have been conducted to understand how they can be used to maintain or induce
disease remission. They are used to ameliorate the disease status and provide evidence that gut
microbiota have a role in CD pathogenesis once treatment with antibiotics show an improvement
of the disease symptoms.

The efficacy and relevance of probiotics in CD has not been demonstrated. Although there is
very few studies one this subject, Butterworth reported that probiotics have no advantage over
placebo in the maintenance and induction of CD73.

Faecal microbiota transplantation (FMT) has the purpose of converting an unhealthy intestinal
microbiota to a healthy one by transferring intestinal microbiota of healthy donors. FMT has been
performed since 195874, being often related with Clostridium difficile infection (CDI). In a dysbiotic
gut, the risk of C. difficile overgrowth is high, and transplantation of a non-dysbiotic intestinal flora

could reverse this alteration. Several studies present a cure rate higher than 90% for FMT in
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patients with ileal CD7>7, In CD studies, FMT appear to induce remission in more than 60% of
CD patients?"'78,

The sum of these data indicates that gut microbiota plays a major role in CD pathogenesis.
Understanding which microbial populations have important roles in CD and the mechanism that
they use is crucial to target and reduce the pathogenic microbes and increase the number of

beneficial commensals.

I1.2.4. Immunological pathogenesis

CD is known to be an autoimmune disease that is related to an abnormal function of the
intestinal mucosal immune system in the presence of food or bacterial antigens. Although several
hypotheses about CD pathogenesis have been presented, the specific mechanism that leads to
the immune imbalance causing the damage of intestinal mucosa and the source of the
inflammation is still unclear.

Several studies reported that CD is a consequence of chronic inflammation of T lymphocytes,
in particular CD4+ T cells, being related to a Thl response. The Thl response is responsible for
the pro-inflammatory responses that kill the intracellular parasites where interferon gamma (IFN-
y) and IL-12 are the principal Thl cytokines. Thl cells are an activator of macrophages via IFN-y
secretion that activates the microbial activity of these cells resulting in TNF-a production?®.
However, in CD patients TNF amount is low which leads to an ineffective pathogen killing by
macrophages that results in granuloma formation®°. IL-12 induces the production of IFN-y, favours
Th1 differentiation, and forms a link between innate and adaptive immunity.8? The Th2-type
cytokines include IL-4, -5, -10 and -13 will counteract the Thl mediated microbial action. The
production of one type of cytokine inhibits the other type, i.e., if Th1l-cytokines are produced earlier
or in greater extent than Th2-cytokine, Th2-cytokine production is inihibited®2. Although the two
types of response should not be coincident, evidences show that IL-4 and IL-13, related to Th2
cells, are involved in ileal CD. The initial stage of inflammation in CD is composed by the induction
phase and effector phase that occur in simultaneous. Thl and Th2 may participate in the two
phases, simultaneously or sequentiallys2,

Regulatory T cells are a subtype of T cells capable of producing anti-inflammatory cytokines
such as IL-10 and transforming growth factor-p (TGF-8). IL-10 induces Treg cells proliferation
through signal transducer and activator transcriptor 3 (STAT3) activation while TGF- supresses
pro-inflammatory responses by macrophages and effector T cells via activation of SMAD3 and
SMAD4 proteins. By down regulating, for example, IL-10, Treg cells inhibit the intestinal
inflammatory response. In CD patients, it was found that Treg cells were decreased and effector
T cells were increased comparing to healthy patients thus suggesting that Treg cells are
suppressors of Thl responses®s.

Although CD has previously been related to a Thl response it was found that Th17 cells can
be the main contributor for the disease. Th17 cells are a type of T cells that have in common with
the Treg cells the fact that both are subsets of CD4+ T cells. Treg cells inhibit intestinal mucosal

inflammation whereas Th1l7 cells promotes intestinal inflammation induced by autoimmune
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diseases®. The two types of cells have opposite functions and modulate the proliferation of each
other in a way that allows a balanced immune response®*. The presence of pathogens can induce
CD4+ T cells to differentiate into cytotoxic T cells (CTLs) that release IL-17 to stimulate Th17 cells
to produce TGF-B and IFN-a. A study found that TGF- B can induce the differentiation of naive T
lymphocytes to Th17 cells which immunosuppress Treg cells®®. Some of the cytokines related to
the Th17 exacerbated response are mentioned below.

The Th17 differentiation is induced by IL-18 and IL-23 and enhanced by IL-6, acting through
the STAT3 which mediates the expression of retinoic acid receptor-related orphan nuclear
receptor gamma (RORyt). Th17 cells activated by TGF-B and IL-6 promote mucosal defense,
barrier tissue integrity and curtail immunopathogenic responses, whereas IL-23-activated Th17
cells promote chronic tissue inflammation during infection, granuloma formation and
autoimmunity®. Th17 cells that are not expose to IL-23 are not inflammatory and have as main
function the production of IL-10 whereas, when cells are exposed to IL-23 they became pro-
inflammatory reaching their full pathogenic function?®’.

Increased levels of IL-23 in CD patients suggested that this cytokine could be a key drive of
CD because it promotes the proliferation and accumulation of Th17 cells which leads to the
maintenance of the inflammatory response. Besides, IL-23 also suppresses Treg expansion and
reduces the production of IL-10, an anti-inflammatory cytokine®®. IL-12, previously mentioned, and
IL-23 are both part of IL-12 cytokine family sharing subunit IL-12p40. In the past, it was though
that CD was a Thl response due to the increase presence of IL-12 in CD patients but is now
believed that what was reported as IL-12 was actually 1L-23%88%. The use of briakinumab and
ustekinumab in CD patients, which are human monoclonal antibodies against 1L-12/IL-23p40
induced clinical response and remission, thus clarifying the importance of these cytokines in CD
pathogenesis®:91,

Kinugasa et al. found that IL-17 plays a role in the regulation of intestinal epithelial barrier
function regarding the extracellular signal regulated (ERK)-mitogen activated protein kinase
(MAPK) pathway, which could be responsible for intestinal inflammation®2.

IL-6 not only plays a role in mediating expression of RORvyt, but it also induces the expression
of IL-21 that activates STAT3 thus facilitating Th17 cells expansion. Both IL-6 and IL-21 induce
upregulation of the IL-23 receptor (IL-23R) which, once more, amplifies Th17 cells
differentiation®s.

Collectively, effector cytokines such as IL-17A (also known as IL-17), IL-17F, IL-22 IL-21, and
IFN-y produced by Thl7 cells promote the production of pro-inflammatory cytokines that
contribute to inflammation and tissue damage®. IL-17A and IL-17F are pro-inflammatory
cytokines that play important roles in combating infections and mediating autoimmunity by
recruiting and activating neutrophils through IL-8. Some studies® reported an increased amount
of neutrophil infiltration in CD patients whereas others demonstrated an impaired recruitment of
these cells™. A defect in the recruitment of neutrophils leads to inefficient clearance of pathogens
which results in exacerbated and chronic inflammation. Furthermore, as previously mentioned,

polymorphism in NOD2 and ATG16L1 genes is related to defective autophagy which leads to
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lower bacterial clearance in CD“*3. As a result, could be hypothesised that CD is related to an
ineffective clearance of pathogens by the immune system.

Innate lymphoid cells (ILCs) are present in the immune system and are known to express
RORuyt that is important for Th17 cells development®. Several studies reported that ILCs play an
important role in CD pathogenesis through numerous pathways. The imbalance in the regulation
of ILC diminish tolerance to food and bacterial antigens in the gut leading to CD, being ILC3 the
most important ILCs type®-99, ILC3 cells include all the ILCs able to produce IL-17 or IL-22 which
can promote Paneth cells to secrete antimicrobial peptides (such as Reg I and Reg IIy). In
CD patients, it was observed an increased amount of ILC3s which may disturb the homeostatic
conditions. Studies found that a reduction in IL-22+ ILC3 in the intestinal mucosa in CD leads to
an increased exposure of intestinal tissue to many antigens which caused an abnormal immune
responsel?, Hutnick et al.1%! attributed the occurrence of CD to the deletion of IL-22+ ILC3 once
it caused the spread of Alcaligenes sp. in the intestinal lymph tissue and induced a systemic
immune response. Furthermore, it was found that in IBD patients, expression of MHCII by ILC3
was reduced, thus damaging the intestinal mucosa due to an immune response against
commensal bacteria 102,

Besides ILC3s, also ILC1s were found to be increased in CD patients when comparing to
healthy individuals. A possible plasticity between ILC3 and ILC1 could be the explanation100.103,

The imbalance between T effector cells (such as Th17 cells and ILCs) and Treg cells that
occurs in CD leads to imbalance between pro-inflammatory and anti-inflammatory cytokines
which is related to an exacerbated and uncontrolled Thl and Thl7 response that results in

disease progression and tissue damage.

[1.3. Antibodies

The present study focuses on the humoral immune response. In particular, it was investigated
the profile of bacteria coating by IgA and 1gG subclasses on faecal samples of CD patients. The
following section will describe the mechanisms related to antibodies production as well their
characteristics.

The humoral immune response represents immunologic responses that are mediated by
antibody molecules produced by plasma cells. Antibodies contribute to immunity by binding to
pathogens neutralizing them and facilitating their uptake by phagocytic cells that are specialized
to destroy ingested bacteria through opsonisation or by the complement system1%4. The link
between the adaptive and the innate immune systems is accomplished by the antibodies which
combine antigen-binding sites and binding sites for different innate receptors and adaptor
molecules!®. The antibodies possess two functional domains where antigen-binding fragment
(Fab) confers antigen specificity whereas the crystallizable fragment (Fc) drives the antibody
function'®. In humans are known five classes of antibodies, namely immunoglobulin A; D; E; G;

and M, which differ in heavy-chain structure.
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[1.3.1. Immunoglobulin A

Immunoglobulin A (IgA) is the most abundant antibody in humans, constituting more than 80%
of all the antibodies secreted by plasma cells. IgA exists in high quantitates in intestinal mucosa
being part of the first line of defence against pathogens by preventing bacteria from colonizing
and toxins or antigens from being absorbed’. IgA exists in two forms, namely serum IgA and
secretory IgA. There are two subclasses of IgA with IgA1 having a longer hinge region than IgA2
resulting in higher sensitivity to bacterial proteases (Figure 41%8). On the other hand, IgA2 presents
an increased protection against protease digestion which may explain why it is the predominant
subclass in the mucosal secretions. In contrast, IgA1 accounts for more than 90% of serum IgA1%,
IgA1 exists primarily as a monomeric molecule in the serum, whereas, IgA2 is a polymer when
secreted!,

IgA1

Figure 4. Isotypes of immunoglobulin A (reproduced from Lu et al., 2017).

IgAl is the predominant IgA in serum whereas IgA2 is the most secreted in mucosal membranes. IgA1l has a longer
hinge that turns it more susceptible to proteolytic cleavage by pathogens. By contrast, IgA2 presents higher
resistance to proteolytic lysis.

IgA synthesis is accomplished with class-switch recombination (CSR?1) which requires the
enzyme activation-induced cytidine deaminase (AID). The main places involved in the generation
of IgA-secreting plasma cells are the gut-draining mesenteric lymph nodes (MLNs), PPs and ILFs-
part of the intestinal lamina and GALT!L,

The IgA induction in PPs and MLN’S can be T-cell dependent or T-cell independent whereas
in ILFs and diffuse lamina propria appear to occur in the absence of segregated T cell zones, thus
being T-cell independent.

The presence of pathogens is recognised by the intestinal immune system that produces high-
affinity, T cell dependent, pathogen-specific IgA. Several studies suggested that IgA induced by
pathogens yield high-affinity and is termed “classical”’ IgA. By contrast, commensal-induced IgA
is believed to be derived from T-independent responses which generates IgA of relatively low-
affinity, referred as “innate”, “natural” or “primitive” IgA11. “Natural” IgA secretion is thought to
represent an innate-like mechanism that is evolutionarily ancient. Although natural IgA is

considered to be polyreactivel!? - being able of naturally bind and neutralize multiple targets with

1 CSR-Process that causes a switch in the class of antibodies that are displayed in the cell surface of a
B cell. Thus, an IgG-secreting plasma cell can be converted in a IgA-secreting plasma cell.
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low affinity - it is observed that it binds to a broad, but defined, subset of microbiota. This finding
suggests that evolutionary pressure may have led same bacteria to express a specific cell surface
that attracts or repeal IgA1°7.
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Figure 5. Induction of Immunoglobulin A (reproduced from Pabst, 2012).

a. IgA induction occurs in Peyer’s patches (PPs), the cryptopatch—isolated lymphoid follicle continuum, the villous lamina
propria and the gut-draining mesenteric lymph nodes (not shown).

b. The induction of IgA in PPs can be T cell-dependent (left) and T cell-independent (right). Antigens are transcytosed by
microfold (M) cells and delivered to dendritic cells (DCs). In T cell-dependent IgA generation, DCs enter interfollicular T
cell zones to activate naive T cells, which differentiate into effector T cells, enter B cell follicles and release IgA-inducing
cytokines. B cells are stimulated by effector T cells, which results in the expression of activation-induced cytidine
deaminase (AID) in B cells and enabling class-switch recombination (CSR). The presence of nitric oxide (NO) upregulates
the expression of the transforming growth factor-g receptor (TGFBR). In T cell-independent IgA induction, the expression
of AID is induced through innate mechanisms, including Toll-like receptor (TLR) signalling and the CD40L-related
cytokines B cell-activating factor (BAFF) and a proliferation-inducing ligand (APRIL). Those cytokines are produced by
DCs, plasmacytoid DCs (pDCs) and follicular dendritic cells. BCR, B cell receptor; CCR9, CC-chemokine receptor 9;
CXCRS5, CXC-chemokine receptor 5; IGIP, IgA-inducing protein; IL, interleukin; TCR, T cell receptor.

Peyer's patches are the main site of IgA induction. In the PPs, the T cell-dependent
mechanism involves B cell activation and AID expression through B cell receptor (BCR) and CD40
ligand (CD40L). The M cells, located in the epithelial barrier, transport the antigen from the lumen
into the sub-epithelial dome. There, DCs take and transport the antigen to the inductive sites of
PPs or the MLNSs, called T cell zones, where naive antigen-specific T cells are activated via the

interaction with dendritic MHC class Il molecules and differentiate into effector T cells that enter
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B cell follicles. B cells are activated on the boundary between T cell zone and B cell follicle where
are stimulated by T cells that express CD40L and cytokines that induce the expression of AID,
enabling the CSR. In the germinal centre, which is separated in a light and a dark zone, the B cell
will undergo somatic hypermutation in the dark zone and isotype switching in the light zone!!™.
The somatic hypermutation is a mechanism that involves AID and introduces point mutations in
the variable region of immunoglobulin genes. This mechanism leads to an elevated amount of B
cells with differences in BCR affinity for the specific antigen. In the light zone are present the
follicular dendritic cells (FDC) that present intact antigen. In case B cells possess a low BCR
affinity, the cells will suffer apoptosis once they are not able to bind efficiently to the antigen. On
the other hand, B cells with high affinity to BCR will acquire the antigen from FDC, process it and
present the antigen peptide on MHC class Il molecules!®3. Lastly, the activated lymphocytes will
enter the bloodstream, but will return to the lamina propria as mature IgA producing plasma cells

due to the expression of gut-specific homing receptors.

T-independent mechanism

The T cell-independent IgA induction is performed by mechanisms that include TLR signalling,
the B cell-activating factor (BAFF) and the proliferation-inducing ligand (APRIL). The CD40L-
related cytokines, BAFF and APRIL are able to trigger AID expression and consequently CSR.
These cytokines are produced by DCs and FDCs. The T-independent mechanism appears to be
related to the production of low affinity antibodies once the affinity maturation cannot exist without
T cells. Nevertheless, the T cell-independent mechanism is very important for IgA production once
this antibody is needed for the protection of epithelium against a broadly of microorganism and
not to specific species that require high affinity**.

Isolated lymphoid follicles were also associated with the induction of IgA due to the ability to
express AID in germinal centres. Although ILCs contain B cell population with BCR repertoires,
they do not have T cell zones which only enable T cell-independent mechanism instead. The ILFs
contribution for IgA induction, in healthy individuals, is not yet known but owing that lymphoid
tissue inducer cells (LTi, part of the ILCs) present T cell-like effector functions it is thought that
they may compensate for the lack of T cells and thus promote the induction of IgAL,

The studies related to IgA induction in lamina propria are contradictory. Some studies reported
that AID is expressed in cells of the lamina proprial?415 whereas others mentioned that AID
expression only occurs in PP’s and ILFs116117, Despite this, the observation of cells in lamina
propria that induce TGF-B, BAFF and APRIL may be an evidence of the importance of this site
for the IgA induction.

MLN'’s were also associated to IgA induction once it receives lymph from the intestinal lamina
propria, but also from Peyer’s patches and ILFs. It was suggested that B cells undergoing CSR
in PPs and ILFs can enter the MLNs to further differentiate before their release into the

circulation!1?,
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The induction of IgA was associated to TGF-$ and the cytokines IL-4, IL-6, IL-10, and IL-21.
IL-6 is known to enhance the production of all the Ig thus it also enhances the IgA class switching.
In addition, the presence of both retinoic acid and IL-6 can induce IgA secretion®!?.

IL-21 induces naive B cells to IgA class switching where IgAl accounts for most of this
response.'® While IL-4 concomitantly attenuates the IL-21-induced IgA, the IL-10 increases the
secretion of II-21 induce IgA*!8. It was also reported that the combination of IL-10 and TGF-B is
need for switching to IgA1 and IgA211°,

The release of IL-6, IL-10, TGF-B, retinoic acid and nitric oxide (NO) enhances the IgA
production in PPs. The stimulation of APRIL and BAFF by the presence of NO can enhance the
T-cell independent IgA production in lamina propria and enhance the T cell-dependent IgA
production in PPs by upregulating TGFBR2, The levels of APRIL and BAFF are augmented in
the presence of IL-4 and IL-10118,

As referred above, Treg, Trl, and Th17 cells have the ability to release TGF- and IL-10,
which promotes intestinal B cell production of IgA. Thus, the production of IgA is reported to be
induced by Treg and Th17 responses. On the other hand, IgA-producing B cells and their
precursors might, through the release of IL-6, IL-10, and TGF-f3, enhance the generation of Treg,
Trl, and Th17121-124,

11.3.2. Immunoglobulin G and subclasses

Immunoglobulin G (IgG) is the most abundant class in blood and can be divided in four
subclasses, designated as 1gG1, IgG2, 1gG3, and IgG4, in order of decreasing abundance (Figure
6125). Although the four subclasses present an amino acid sequence homology over 90%,
differences in constant region, particularly in their hinges and upper CH2 domains leads to
important functional difference between the subclasses!?>. The four subclasses present
differences regarding to antigen binding, immune complex formation, complement activation,
triggering of effector cells, placental transport and half-life%. Different types of antigens lead to
different IgG responses that can result to marked skewing toward one of the subclasses. A
subclass deficiency is usually not detrimental to the individual but could result in an enhanced
susceptibly toward specific pathogens. The subclasses 1 and 3 are related to the activation of
effector mechanisms, whereas subclasses 2 and 4 may induce responses only in certain
conditions!%. Immunoglobulin G is associated with activation of complement components,
initiation of phagocytosis and induction of cell-mediated cytotoxicity. As a result, IgG could be
involved in CD once it could be responsible for the destruction of intestinal epithelial cells'?6,

The mechanisms by which IgG induction occurs is similar to the T-cell dependent presented
for IgA. The dependent pathway is thought to be the dominant in the IgG induction once this
antibody is produced against a specific target. In spite of this, is also possible that some IgG could
be produced in PPs by the T cell-independent pathway.

The following sections will describe some of the cytokines related to the regulation of each of
the four IgG subclasses. However, it is important to enhance that most of the studies regarding

this theme report to 1990 or earlier thus further investigation should be made to reveal the exact
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mechanisms that affect the production of these subclasses. Due to the lack of research in this

area the assumptions made are based in few studies.
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Figure 6. The schematic layout of the IgG subclasses and respective isotypes (reproduced from Vidarsson et
al., 2014).

A.lgG1 only presents one form where the two heavy chains are linked by two disulfide bridges. The fragment antigen
binding (Fab) region is responsible to binding interactions with antigens, and the fragment crystallizable region (Fc)
mediates indirect effector. B. The classical A/A isoform of 1gG2 has four different disulfide bridges between the two
heavy chains is followed by the B/B form, with only two disulfide bridges and alternative linkages of the light chain to
the heavy chain form. Lastly, the intermediate form A/B is shown. C. Immunoglobulin G3 only exists in one form. D.
Isomers of 1gG4 resulting in half-molecule exchange. On the far left and far right are depicted two 1gG4 which are
connected with two inter-chain disulfide bridges. Those clones are in equilibrium and can either revert back to covalently
linked form or swap heavy chains in a stochastic process with that of neighboring IgG4 molecule creating an asymmetric
bispecific IgG4 (bottom middle) that is also influx, reverting into covalently linked IgG4 (top, middle). This process results
in IlgG4 monovalent-bispecific molecules.

The IgG1 Subclass

IgG1 subclass is the most predominant serum subclass displaying important effector functions,
representing 60-65% of total IgG (Figure 6A)'%7. As a result, deficiencies in 1gG1 (usually
associated with recurrent infections) leads to decreased levels of total IgG28. IgG1 responses are
often, but not always, formed together with IlgG3 and sometimes 1gG4. IgG1 is correlated to the
activation of the classical pathway and to the binding to all the Fc receptor in different effector
cells’?®. The binding to Fc receptors includes antibody-dependent cell-mediated cytotoxicity
(ADCC), which is a mechanism through which natural killer cells (NK) bind to the antibody
resulting in the release of cytokines such as IFN-y08,

Although the accurate mechanism of IgG1 production is still unknown, several cytokines were
suggested to play a role namely IL-4, IL-10, IL-21, IFN-y, IL-6 and IL-27. In the presence of IFN-

Y, IgG1 production is suppressed whereas in the presence of IL-6 the opposite occurs!®,
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Studies reported that IL-4 is involved in the induction of 1gG1, IgG2, IgG3 and little 1IgG4
whereas others studies observed that IL-4 alone has a small capacity to direct the isotype
switching towards 1gG1 production'!®. IL-21 jointly with IL-4 was found to enhanced 1gG1
production. However, IL-21 is known to enhance the proliferation of activated B cells which may
increase the amount of total antibody instead of only the amount of IgG1%31,

IL-10 was also associated with IgG1, being reported that influences isotype switching towards
this subclass. Furthermore, IL-4 and IL-10 together appear to have a synergetic effect, enhancing
IgG1 production!?®, In addition, IL-27 was found to induce IgG1 production although to less extent
than the other cytokines!3,

The cytokine that is mentioned in more articles is IL-4 which may suggest that 1gG1 is
associated with a Th2 response once this cytokine is a Th2-related cytokine. A Th2 response is
mainly related to a parasite infection!®3® which is in line with the fact that IgG1 is associated to

parasitic antigens!34.

The IgG2 Subclass

IgG2 accounts for 22 % of total IgG and is associated to antibody responses regarding
bacterial capsular polysaccharide antigens, being almost the only subclass involved on 135136,
Similarly to IgG1, several studies related IgG2 deficiency to an increased susceptibility to bacterial
infections. The 1gG2 subclass can exist in two isoforms namely, IgG2-A (the most common) and
1gG2-B that differ in the hinge configuration and disulphide bond (Figure 6B).

Low amounts of IgG2 are often associated to deficiency’s in IgG4 and IgA1 and IgA2%". In
contrast to 1gG1, 1gG2 has low capacity to induce effector functions mainly because the only
receptor of fragment crystallizable of IgG (Fcy receptor) that binds to IgG2 is the FcyRIlal?5. The
FcyRlla receptor is expressed on phagocytes and NK cells and mediates opsonisation38,

The production of IgG2 is enhanced in the presence of IFN-y and IL-6. Although the presence
of IFN-y stimulates the production of 1gG2, it is not required for the generation of IgG2
responses!®. The cytokines IL-18 and IL-12 that, jointly, stimulate the IFN-y, were also found to
enhanced IgG2 production®®. IFN-y is a Th1 cytokine thus, it is hypothesized that IgG2 inductive
mechanism is due to a Th1 response. As previously mentioned, IL-4 was also associated to 1gG2
induction, although it is unclear if this cytokine alone is sufficient to induce 1gG211°.

A Thl response occurs, usually, against intracellular pathogens such as bacteria. Studies
reported that 1gG2 deficiency leads to absence of IgG carbohydrate antibodies!4® that are
associated to antigens from polysaccharides produced by bacteria thus supporting the idea that

IgG2 is Thl-associated.

The IgG3 Subclass
IgG3 is the subclass with the strongest capacity to mediate effector functions, thus it is
considered the most important pro-inflammatory 1gG subclass. IgG3 subclass is the first to
appear in case of viral infections and is able to promote ADCC, opsonisation and strongly activate

the classical pathway of complement system41. This subclass has the capacity to bind to all the
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Fcy receptors which may be associated to the much longer hinge region that possesses in
comparison to the other subclasses. The relative long hinge makes the C1q binding site more
accessible which leads to a more efficient complement activation?5. Nevertheless, IgG3 has a
shorter half-life than the other subclasses, possibly due to the long hinge (Figure 6C) that makes
IgG3 more susceptible to proteolysis. This might be a result of a mechanism that limits the
potential excessive inflammatory response°.

The production of IgG3 was reported to be linked to the presence of cytokines IL-21 and IL-
10. IL-21 was found to be a switch factor for both IgG1 and IgG3!3, however, it appear that
predominantly activates 1gG3 production!'®, As previously mentioned, IL-21 is associated to a
Th17 response whereas it could be hypothesised that IgG3 is associated to this response. In
contrast, it was found that IgG3 plays a role in the defence against Chlamydia trachomatis, which
is an intracellular bacterium. In general, a Th1l7 response is related to responses against
extracellular bacteria and fungi'®®. IL-10, an anti-inflammatory cytokine, was also reported to

favour the isotype switching towards 1gG3 production122142143 even though IgG3 is known to

perform pro-inflammatory effector functions.

The IgG4 Subclass

IgG4 antibodies are thought to be induced after exposure to antigens in a non-infectious
setting or by allergens, in addition to IgG1 and IgE. In patients that suffer from allergies and
underwent immunotherapy, IgG4 induction was correlated to a relief of symptoms. As result, it
was suggested that IgG4 induction is a result of repeat or long-term exposure to antigens in a
non-infectious setting19s,

IgG4 has the ability to exist as half-molecules that randomly recombine with other 19G4
molecules resulting in monovalent bispecific antibodies (Figure 6D). Although the monovalent
bispecific allows IgG4 molecule to bind two different antigens it also reduces the binding capacity
once identical antigen can only bind to one of the Fab arms'?. Regarding to the effector functions,
IgG4 is poor activator of the classical complement system due to the reduced or absent ability to
bind to C1q. Furthermore, comparing to the other subclasses, IgG4 binding to most of the Fc
receptor is low or inexistent. The FcyRIlb receptor is the exception once IgG4 binds strongly to
this receptor that is inhibitory instead of activator which may contribute to the low pro-
inflammatory capacity of 1gG4'44, Overall, IgG4 seems to be related to an anti-inflammatory
response.

The production of 1IgG4 was associated to the presence of Treg cells and cytokines IL-10,
TGF-B, IL-4 and IL-13. Furthermore, it was reported that IL-4 and IL-13, Th2 cytokines, and IL-
10, a Treg cytokine, can be involved in the IgG4 and IgE class switch45.

Several studied reported that IL-10 enhances IgG4 production by potentiating IL-4-induced
IgG4 switching since IL-10 alone is not an IlgG4-inducer. IL-4 is an inducer of IgE switching thus,
the co-current presence of IL-10 and IL-4 suppress the IgE production'#6. The relation between

IgE and IgG4 is supported by studies that reported that in patients with allergies, allergen-specific
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IgE is switch to allergen-specific IgG4 due to immunotherapy. Thus, IgG4 is suggested to

contribute to a regulatory and tolerogenic? response!47.148,

I1.3.3. Transepithelial Transport of IgA and IgG

Secretory IgA is transported across the epithelial cell layer into the intestinal lumen through an
active unidirectional process that is mediated by the polymeric Ig receptor (pIgR). The pIgR is an
antibody transporter that is expressed on the basolateral surface of epithelial cells4°. Polymeric
IgA, IgA secreted by intestinal B cells, binds to plgR on the epithelial cell. It is then translocated
to the surface of epithelial cells, leading to the generation of secretory IgA (sIgA) complexes.
These complexes comprise a secretory component derived from the association of the
extracellular portion of plgR with the polymeric IgA and that confers mucolytic properties to
slgAl09120 The secretory IgA plays different roles regarding the protection against microbial
agents. slgA promotes the exclusion of microorganisms and their products by entrapping them in
the mucus; downmodulates the expression of pro-inflammatory bacterial epitopes on commensal
bacteria; and, in general, promotes the establishment of host-microbe relationships®. In
additions, slgA prevents the access of microbial components involved in epithelial attachments,
mediates neutralization of pathogens and facilitates antigen sampling needed to produce antigen-
specific IgA1.

Likewise, it was found that the transepithelial transport of 1gG is also mediated by a receptor-
mediated mechanism, the human neonatal Fc receptor (FCRn). The FcRn is present in human
adults and is expressed by enterocytes and antigen-presenting cells, being mostly distributed in
the distal intestine!5!. The main difference between plgR and FcRn is that FcRn-mediated IgG
transport exhibits bidirectionality thus, the antibody can be transported from the lumen to the
lamina propria and vice versal®?,

The FcRn binds to the four IgG subclasses with comparable affinity so it is expected that the
transport is similar in all the subclasses'®3. Nevertheless, it was found that FcRn-mediated
transport and rescue of 1gG3 is inhibited in the presence of IgG1 due to intracellular competition
between IgG1 and IgG3%4!, This finding may be related to the IgG3 shorter half-life once FcRn is
known to protect the antibodies against degradation and thus, a less effective binding can lead to

a lower protection.

[1.4. Aim of studies

Currently, CD progression is studied through endoscopy and use of clinical activity scores and
non-invasive biochemical markers. The endoscopy is an invasive procedure, the clinical activity
scores do not correlate well with mucosal inflammation, and the biochemical markers available
are not specific for Crohn’s Disease®*. To prevent complications and disease progression is
crucial to monitor mucosal inflammation. Furthermore, the treatment is merely symptom-based

and performed to ensure disease remission but not the cure. Therefore, CD patients have a

2 Immunological tolerance
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significant decrease of quality of life and the disease accounts for substantial costs to the health
care system, especially during exacerbations that could imply surgery. Consequently, new non-
invasive markers that can follow the progression of disease for patients with CD are needed.
Since it is accepted that microbiota could be the main responsible for CD development and
progression, it would be of great interest to find the specific microorganisms responsible for CD.
Based on that, Tedjo et al., found out that faecal microbiota can be used to distinguish adult CD
patients based on disease activity’>4. Nevertheless, the method is not able to identify specific taxa
that are involved in disease development and progression. Conversely, Palm et al. discovered
that IgA coating identifies inflammatory commensals that can drive or exacerbate intestinal
inflammation in a mousse model of IBD1%5,
In the present study, it was thus aimed to investigate:
— The humoral response against intestinal bacteria by profiling the bacteria-coating by
the IgA and IgG subclasses in faecal samples of CD patients;
— The possibility of using the profile to differentiate from healthy individuals and CD
patients;
— The possibility to differentiate patients in remission and active disease based on the
profile;
— The associations between used disease markers and the profile of antibodies;
— The associations between the patient’s characteristics-namely, disease phenotype
and location; age at diagnosis; gender; and smoking history- with the profile of

bacteria coated by the antibodies.

The overall principle behind the experimental assay is %
depicted in Figure 7 but the present work will only be

focused in studying the profile of bacteria coated by the  Anfi-lgA

. . . . . Anti-lgG1
different antibodies mentioned above. The profile of  ayije2 :Gé
t_ Q'W
bacteria coated by IgA and IgG subclasses was ﬁ:‘:ggi IgG2
. ‘ lgG3
conducted using a flow cytometry assay. The assay was ;§G4

based on the principle that IgA- and IgG-coated bacteria,
bind to the specific anti-antibody that is labelled by a Bacterium
fluorophoro (Figure 7). A fluorescent label was used to
each antibody, being five in total, one four each antibody
(IgA, 1gG1, IgG2, IgG3, 1gG4). The detailed description of Z)i(%irr?mez'tal Z;Ln;fle used in the

the experimental procedure is found in the section Faecal IgA- and IgG-coated bacteria are
detected using fluorescent labelled anti-IgA

Material and Methods. and 1gG through flow cytometry.
Although there are few studies regarding this subject, it was reported an increased level of

IgG-coated bacteria in faecal samples from CD Patients!56:157, Moreover, studies on the intestinal

profile of IgG-producing cells in the mucosa, revealed that patients with CD had an increase of
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total IgG compared to healthy individuals'®8-1%0, Furthermore, the level of IgG2 producing cells
was observed to be increased in CD patients compared do healthy individuals161.162,

Regarding the production of IgA, some studies reported that Crohn’s disease patients secrete

decreased amounts of total |gA26.158 while others mentioned an increased level of IgA in serum

of CD Patients163,
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Figure 8. Overall procedure to identify Crohn’s Disease-driving bacteria.

Since CD is proposed to be related to a Thl and Th17 response, it can be hypothesised that
CD patients will have increased levels of IgA, 1gG2 and IgG3-coated bacteria. The findings
concerning IgG2, mentioned above, appear to support this hypothesis.

In the following section, will be described the materials and methods used in the present work.
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lll.Materials and Methods

[11.1. Materials

l11.1.1.Samples

Faecal samples from 54 CD patients, and 20 healthy individuals were obtained from
collaborators at Maastricht University (The Netherlands). The control subjects and CD patients
were age and gender matched. The samples represented two-time points from each patient,
therefore 107 faecal samples from the 54 CD patients were analysed, since one of the patients
only had a sample regarding one-time point. At the first visit (T1) all patients were classified as
being in remission, whereas at the second visit (T2) 19 patients had entered active disease.

Of the 54 patients, 26 used to smoke; 19 have never smoked and 9 were currently smokers
(at the time of sampling). Patients age was in the range of 17-68 years old, whereas 42 years old
was the mean.

Furthermore, faecal samples used in a CD-UC cohort were also analysed. The samples were
of 8 CD patients obtained, once more, from collaborators at Maastricht University. These samples
were analysed together with the ones from patients that presented active disease in the second
visit (T2).

The percentage of patients diagnosed before 16 years old (Al), between 17 and 40 (A2,
including) and after 40 years old (A3), was 3.23 %; 74.19 % and 22.58 %, respectively (for n=62
patients). The disease was located on the ileum (L1); colon (L2); ileum and colon (L3); ileum and
upper Gl (L1 & L4); and ileum, colon and upper Gl (L3 & L4) in 19; 18; 22; 1 and 1 patients,
respectively.

Regarding to disease phenotype: 65.57 % of patients had non-stricturing and non-penetrating;
21.31% stricturing and 13.11 % had penetrating (for n=61 patients). Of the 62 patients, 49 never
undergone surgery; 4 removed part of ileocaecal (removing the terminal ileum and the caecum);
3 undergone hemicoloectomy (removal of a segment of the colon), 1 had surgery on the rectum
and sigmoid (the S-shaped part of the large intestine just before the rectum); 1 had surgery on
the sigmoid; 3 on colon and 1 had an unknown type of surgery.

The mean time between the first and second sample collection was 19 weeks. The maximum
time was of fifty-nine weeks and the minimum was of four weeks.

In the study, samples of 55 women and 27 men were analysed,; in the patients group 42 were

women and 20 were men.

In total, 135 samples were analysed. Information of all patients and healthy control individuals
can be found in Appendix B. Table 1 presents a summary of patient’s characteristics that were
studied in this work. Note that all the patients were under the effects of medication in the time of

sampling or at least 3 months prior.
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Table 1. Characteristics of the patients used in the study.

Number of CD Patients (%)

Single sample 9

2 Samples 53
Disease state at second visit (n=53)

Remission 34 (64.15 %)

Active 19 (35.85 %)
Remission Patients Active Patients

Female 42 (67.72 %) 25 (71.43 %) 17 (62.96 %)
Male 20 (32.26 %) 10 (28.57 %) 10 (37.04 %)
L1 19 (31.15 %) 12 (35.29 %) 7 (26.92 %)
L2 18 (29.51 %) 9 (26.47 %) 9 (34.61 %)
L3 22 (36.07 %) 13 (38.23 %) 9 (34.61 %)
L1&L4 1(1.64 %) 1(3.85 %)
L3&L34 1(1.64 %) 1(2.94 %) -
B1 40 (65.57 %) 25 (73.53 %) 15 (55.56 %)
B2 13 (21.31 %) 6 (17.65 %) 7 (25.93 %)
B3 8 (13.11 %) 3(8.82%) 5 (18.52 %)
Al 2 (3.23 %) 1 (2.94 %) 1(3.70 %)
A2 45 (74.19 %) 28 (82.35 %) 17 (62.96 %)
A3 14 (22.58 %) 5 (14.71 %) 9 (33.34 %)
Currently 9 (16.66 %) 7 (20% %) 2 (10.53 %)
Ex 26 (48.15 %) 18 (51.43 %) 8 (42.10 %)
Never 19 (35.18 %) 10 (28.57 %) 9 (47.37 %)

[11.1.2. a-antibodies and Buffer Solutions

a-lgG antibodies were purchased from Southern Biotech, Birmingham:

BIMA (Biotin Maleimide)-conjugated a-lgG1 (clone HP6001), AF647 (Alexa Fluor® 647)-
conjugated a-1gG2 (clone HP6002), AF488-conjugated a-lIgG3 (clone HP6050) and phycoerythrin
(PE)-conjugated a-lgG4 (clone HP6025). AF647 and AF488 are analogous to allophycocyanin
(APC) and fluorescein isothiocyanate (FITC), respectively. Allophycocyanin/Cyanine 7
(APC/CyT7)-conjugated streptavidin, that binds to the BIMA-conjugated a-lgG1, was also
purchased from Southern Biotech.

PE-Vio770- conjugated a-lgA (clone REA1014) was purchased from Miltenyi Biotec,
Germany. Vio 770 is analogous to Cyanine 7.

Two different staining buffers that were previously prepared and sterile filtrated (0.2 ym
Cellulose Acetate Membrane, VWR International) were used. Staining buffer 1 consisted of

phosphate-buffered saline (PBS, 20 mM phosphate, pH 7.2, Lonza- Switzerland) with 1% bovine
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serum albumin (BSA, Sigma-Aldrich- USA). Staining buffer 2 was PBS containing 1 mM EDTA
(Sigma-Aldrich), 0.01% Tween (Sigma-Aldrich) and 1% BSA.

To prevent non-specific antibody binding a blocking buffer of PBS containing 1% BSA (Bovine
Serum Albumin, pH 7, Sigma-Aldrich) and 20% normal mouse serum (Sigma-Aldrich) was
prepared. To staining the samples a DAPI (4’,6-diamidino-2-phenylindole, Sigma-Aldrich) solution
was prepared, solubilizing 1 mg DAPI in Milli-Q (Merck- USA, 7.052 x 10™* M).

[11.2. Methods

I1l.2.1.General Procedure for Sample Preparation for Flow

Cytometry

The following procedure was performed in samples that were kept at -80 °C and was based
on results obtained through a titration and compensation previously performed.

Eppendorfs with 110-150 mg of faecal matter were prepared. PBS was added in the ratio of 1
mL PBS/100 mg faeces and left at 4°C with rotation for one hour followed by centrifugation at 50
g for 15 min at 4°C to remove large particles. For each sample, 3 Eppendorfs with 200 uL
supernatant were kept in -80 °C.

For further preparation one of the Eppendorf tubes were used. The bacterial pellet was washed
twice with staining buffer 1 and then resuspended in 200 pL with this buffer as well (centrifugation
at 8000 g for 5 min at 4°C). For cell counting a 150 times dilution of the sample was prepared in
a FACS tube using staining buffer 2. 440 uL sample suspension was incubated with 50 yL 0.07
mM DAPI (Sigma-Aldrich) at room temperature for 15 min in the dark followed by addition of 10
pL BD counting beads (1024000 eBeads/mL, BD Biosciences- USA), in a FACS tube. The rest
of the dilution was also analysed to minimize the false negatives. The samples were analysed on
a FACSCanto Il flow cytometer (BD Biosciences), and the amount of sample needed to obtain
20x106 DAPI+ cells for further preparation was calculated using formulas 1 and 2:

) Events in DAPI+region < Beads/test
Events in bead region  Test volume

500 _ .
x150x% m—CeII/pL in sample

20x10° cells
cell/uL in sample

2)

The appropriate volume was transferred to a new 1.5 mL Eppendorf tube. Upon a 5-minute

=volume to take from 200 uL Eppendorf [uL]

centrifugation (8000xg, 4°C) the bacterial pellet was resuspended and left to incubate with 50 pl
blocking buffer for 20 minutes at 4°C.

The samples were stained with a-lgG1 (12.5-10-° pg/uL), a-1IgG2 (12.5-10° ug/pL), a-1gG3
(12.5:10° pg/uL), a-1IgG4 (25-10-2 pg/uL), a-IgA (2500 cells/ pL), and 25-10-3 ug/uL streptavidin.
Staining buffer 1 was added to a final volume of 100 pL.

Upon incubation at 4°C in the dark at rotation for 30 min samples were centrifuged at 8000 g
for 5 min at 4°C. The bacterial pellets were washed twice in staining buffer 1 and resuspended in
500 pL staining buffer 2. 120 uL of all stained samples were transferred to FACS tubes and
incubated with 50 yL 0.07 mM DAPI and 80 pL staining buffer 2 to a final volume of 250 L. After
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incubation at room temperature for 15 min the samples were analysed on a FACSCanto Il with
the PMT settings of:

FSC | SSC | PE (1gG4) | APC (1IgG2) | FITC (IgG3) | APC-Cy7 (IgG1) | Pe-Cy7 (IgA) | Pacific-Blue
Voltage | 475 | 400 525 615 575 675 500 380

Setting for channels not employed:

PerCP-Cy5.5 AmCyan
Voltage 350 374

When needed a dilution of the samples was performed to allow the Flow Cytometry analysis.
To make sure that the staining was properly performed a negative control of all samples was
performed. 7 puL of each sample (of the same suspension that was transferred to a new 1.5 mL
Eppendorf tube) was transferred to FACS tubes and incubated with 50 yL 0.07 mM DAPI and
193 pL staining buffer 2 to a final volume of 250 pL. After incubation at room temperature, for 15
minutes, the samples were analysed on a FACSCanto Il with the PMT settings previously

mentioned.

I11.2.2. Flow cytometry

Flow cytometry is a method for analysing multiple physic characteristics of cells and other
particles in suspensions including internal complexity; proteins; membranes and size.
Specialized cytometers can detect cells between 0.2 -150 microns although most of them only
detected 1-15 microns in diameteri®4. Overall, the method is based on moving thousands of cells
(per second) through a laser beam and then capturing the light that emerges after each pass.

A flow cytometer is composed by three subsystems: fluidics, optics and electronics. The fluidic
subsystem is responsible for transporting the cells from the sample tube to the laser beam. The
cells are transported in a fluid stream, called sheath fluid, which allows that only one cell at a time
passes through the light sources (lasers)- interrogation point. Upon arrival to the interrogation
point, the optic subsystem is responsible for the excitation of the cells (by lasers) as they pass
through the flow chamber. Thereafter, the signals of scatter and/or fluorescence light are
captured; filtered and converted to a signal through photodetectors. Lastly, the electronic system
is used to convert the electrical signals into datal64.

Light scattered in the same path as the laser beam is correlated to the size of the cell in a
proportional manner corresponding to light scatter in a forward direction (FSC). Light scattered to
the side (SSC) is correlated to the cell granularity (90° angle to the laser beam path).

To allow the detection of cell surface proteins and other components, are used fluorochrome-
conjugated molecules. The numbers of fluorochromes that can be used are limited by the
numbers of lasers available in the flow cytometer. FACSCanto Il, the flow cytometer used in the
current study, has three lasers violet (405 nm), blue (488 nm) and red laser (633 nm). As

previously mentioned, the lasers are separated to ensure that the cell is only passing one laser
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beam at a time. The application of several fluorochromes can lead to a phenomenon called

spillover'6s, described in the following section.

[11.2.3. Compensation

Spillover is a phenomenon that occurs whenever the fluorescence emission of one
fluorochrome is detected in a detector designed to measure signal from another fluorochrome. To
eliminate false positive signals caused by spillover, a compensation was performed to avoid that.

A mix of faecal matter of different samples was used to perform the compensation.

A drop of OneCompeBeads™ Compensation Beads (eBioscience) was add to FACS tubes
(one tube for each fluorophore that was used) containing an amount of a specific antibody
conjugate. Anti-lgG1 (3.1-:104 pg/uL), anti-lgG2 (5-10-3 pg/uL), anti-lgG3 (5-10-2 pg/uL), anti-lgG4
(2.5-10* pg/uL), anti-lgA (1000 cells/ yL) and 6.3-10 ug/uL anti-streptavidin staining buffer 1 was
added to a final volume of 100 pL. Anti-lgG1 and conjugated-streptavidin were added to the same
FACS tube.

After a 30 minutes incubation, at 4°C, the suspension was washed two times with 1 mL staining
buffer 1 (500 g for 5 minutes).

The supernatant was decanted and 0.3 mL of staining buffer 1 was added to each tube that

was analysed separately on a FACSCanto II.

I1l.2.4. Data Analysis

FlowJo (version 10.2, LLC) was used to perform the gating of flow cytometric data. An example
of the gating strategy used can be found in Appendix A., Figures 28 and 29. The gating strategy
was based on the comparison of samples stained with only DAPI with the samples stained with
the. First the gates are placed on the DAPI* stained samples, then are copied to the stained
samples; the final adjusted gates are then copied to the DAPI* stained samples. The first gate to
be placed is the DAPI* vs FSC (forward side scatter) to choose only the DAPI* events and then
the Noise gate is placed to minimize the noise that is a false positive signal. Finally, the gates to
all the antibodies channels are placed. The gating is sample specific. Data from FlowJo_V10 was
exported to Excel where the following calculations were performed.

The values obtained from the normalisation step were used to calculate the amount of bacteria
per gram of faeces. Since a ratio of 1000 yL PBS/0.1 g faeces was used for the initial faeces

suspension, the number of bacteria per gram faeces was calculated by the formula:

1000 pL
0.1 g faeces

3) Bacteria/ pLx =Bacteria/g faeces

The relative amount of Ig-coated bacteria was given by the gating performed in FlowJo_V10.

The quantitative value of Ig-coated bacteria per gram of faeces was calculated as follows:

Bacteria/g faeces

4) 100 %

xRelative Ig coating [%]=Quantitative IgG coating

The relative ratio of total IgG, namely, the percentage that each IgG subclass-coating

comprises of the total amount of IgG coated bacteria was also calculated.
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[11.2.5. Statistical Analysis

Statistical analyses and graphic presentation were conducted in GraphPad Prism 5 and 7.

The statistical approach used was as follow: A normality test was performed in all the data
sets to test whether the data was Gaussian distributed. For comparison of two Gaussian
distributed groups of the same variable, a student’s t test was performed and for more than two
groups a one-way ANOVA with a Tukey post hoc test was made. In the case of data sets that
were not Gaussian distributed, a log transformation and a new normality test was performed. For
transformed subsets, in which all the groups were Gaussian distributed, the same statistical
approach was applied for the comparison of the groups. For data subsets that were still not
Gaussian distributed, for two groups comparison, a non-parametric Wilcoxon test (for paired data)
and a Mann-Whitney test for unpaired data (using the non-transformed values) were performed.
For more than two groups, a nonparametric Kruskal-Wallis test with a Dunn’s post hoc test was
conducted.

To compare two different variables/factors, a correlation analysis between factors was
performed using Pearson Correlation for Gaussian distributed parameters and a Spearman Rank
Correlation for non-Gaussian distributed. To use a Pearson Correlation, the two factors have to
be Gaussian distributed. In the case that one or two of the factors were not Gaussian distributed
a log transformation was performed. If after the log transformation the two factors followed a
normal distribution, the Pearson Correlation was performed otherwise a Spearman Rank

Correlation was used.

The following section will display the results found for the present study.
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V. Results

IV.1.Profile of IgA- and IgG1-4-Coated bacteria in Control and CD Patients
To investigate the profile of bacteria coated by IgA and IgG subclasses, faecal samples from
54 patients were analysed using the flow cytometry assay. The patients donated samples at two
different time points, referred to hereafter as time 1 (T1) and time 2 (T2), which allowed the
comparison of different parameters over time. All patients were in remission at the time of the first
sampling, whereas in the second sampling, 19 presented active disease and 34 remained in
remission. One of the patients only had one sample from the first-time point. Besides those
patients, 20 controls and 8 samples of CD patients used in a previous CD-UC cohort were also
analysed. Since the 8 CD patients presented active disease, they were analysed together with
the samples from patients that displayed an active state in T2.
The samples were provided by Maastricht University that divided patients in  active  and
remission disease based on the following criteria:
I Remission
a. Faecal calprotectin (FC) level of < 100 pg/g and a C-reactive protein level (CRP)
of <5 mglL;
b. Faecal calprotectin level of < 100 pg/g, a C-reactive protein level of < 10 mg/L,
and a Harvey-Bradshaw Index (HBI) score of < 4;
Il. Active
a. Faecal calprotectin level of > 250 ug/g;
b. Faecal calprotectin level was increased at least five times from the first sample

and had reached a level > 100 ug/g.

For the statistical analysis, the samples were divided into four groups. The Control group is
composed by the samples of the 20 healthy individuals. The patients whose disease was in
remission state in the first sampling are part of the Remission (T1) (54 patients) and the ones that
presented the same state in the second visit are part of the Remission (T2) group (34 patients).
The Active (T2) group includes the patients whose disease switch from remission to active state
(19 patients) and 8 more patients that only had one sample-corresponding to active disease.
Besides the difference between antibody coatings in each group, it was also analysed the
difference within the group of patients whose disease state was followed up over time (53
patients). The amount of bacteria/g faeces and the patient-specific difference between the first
and second time were analysed. The results are presented in Figure 9.

The amount of bacteria/g faeces is slightly higher in the patients with active disease comparing
to the ones in remission in T1 (1.97x108 bacteria/g faeces higher) and T2 (2.49x108 bacteria/g
faeces higher). The Control group also presented higher amount of bacteria/g faeces comparing
to the remission groups, but no significant differences were observed for the active disease group
(Figure 9A). Regarding patient-specific difference between the two sampling times, patients that

switch to active disease tend to have an increased amount of bacteria/g faeces comparing to
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patients remaining in remission (2.00 x 108 bacteria/g faeces), although the difference is not

significant (Figure 9B).
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Figure 9. Bacterial density in Control and CD Patients with active disease or in remission.

(A) The amount of bacteria/g faeces in Control (20 healthy individuals), in CD Patients in remission on the first sampling
time (Remission (T1), 54 patients); in CD Patients with disease in a state of remission (Remission (T2), 34 patients) and
with active disease (Active (T2), 19 patients), on the second-time point (T2). (B) The patient-specific difference (4)
between the amount of bacteria/g faeces at the two visits. For each of the 53 patients, the amount of bacteria/g faeces at
visit 1 was subtracted from the amount measured at visit 2. Indicated is median + range. Statistical analyses and graphic
presentation were conducted in GraphPad Prism 5 and 7.

The first part of the data analysis was performed to investigate the immunologic host-
microbiota interaction related to CD patients and healthy individuals. To reveal the profile of
bacteria-coating by IgA, IgG and more specifically the IgG subclasses, a data analysis using the

developed flow cytometry assay was performed. The results are depicted in Figures 10 and 11.

The amount of bacteria coated with IgA /g faeces tends to be decreased in Active (T2) group
comparing to the Remission (T2) (Figure 10.A). The slightly increase seen for the IgA-coating
(2.49x101° bacteria/g faeces, Figure 10.A), between visits, for patients whose disease state
switch from remission to active, is found to be significant (Wilcoxon signed-rank test, 0.01<*P-
value < 0.05). The patient-specific amount of IgA-coated bacteria/g faeces appears to be
decreased in patients whose disease become active comparing to the patients that remained in
remission however, the decreases is not statistically significant (Figure 10.B).

The amount of bacteria coated/g faeces with 1gG is slightly higher in the active group
comparing to the other groups (Figure 10.C). The same is observed in the data relative to patient-
specific difference over time; the patients whose disease changed from a remission state to an
active one presented an increased amount of IgG-coated bacteria/g faeces comparing to patients
where the disease state remained the same (Figure 10.D). The healthy individuals tend to have
an increased number of IgG-coated bacteria/g faeces comparing to the patients in remission
(Figure 10.C). On the other hand, healthy individuals present a lower level of IgG-coated

bacteria/g faeces comparing com patients with active disease.
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Figure 10. Comparison of the profile of bacteria-coating by IgA and IgG in CD patients with active disease or in
remission.

(A) and (C) the guantitative amount of IgA and IgG coated bacteria/g faeces in samples from CD patients at visit 1 (T1),
where 54 patients were in remission (Remission T1), and visit 2 (T2), where 19 patient presented active disease (Active
(T2)) and 34 remained in remission (Remission (T2)). In addition, the quantitative amount of IgA and 1gG coated bacteria/g
faeces is shown for 20 healthy control individuals (Control) and 8 samples of CD patients that were in active disease were
analysed with the patients that presented active disease in the second time. For samples in which no bacteria are
observed to be coated the data point is set to 1 to enable the presentation of the results on a logarithmic axis. The
significant finding is based on a Wilcoxon signed-rank test between pairs. *P-value < 0.05. (B) and (D) the patient-specific
difference (A) between the quantitative amount of IgA and total I9G coated bacteria/g faeces at visit 1 and visit 2. For
each patient, the amount of antibody coated bacteria at visit 1 (T1) was subtracting from the amount measured at visit 2
(T2). The significant finding is based in a Wilcoxon signed-rank test. 0.01 < *P-value < 0.05. Indicated are median *
ranges. Statistical analyses and graphic presentation were conducted in GraphPad Prism 5 and 7.

The profiles of Ig coating of the four IgG subclasses are depicted in Figure 11. The levels of
bacteria coated by a specific IgG subclass are similar in healthy individuals, patients in remission
and active disease in T2. Generally, the amount of bacteria coated is lower in the Remission (T1)
group comparing to the other groups (Figure 11.A). Analysing the median values of the bacteria
coated with each IgG subclasses, 1gG2, and 1gG3 tend to be higher in the patients whose disease
remained in remission at T2 and IgA follows the same tendency (Figure 11.A). On the other hand,
IgG1, and IgG4 levels tend to be higher in the patients with active disease comparing with patients
in remission (Figure 11.A).

When comparing the patient-specific differences for all the 1gG subclasses, no significant
differences are observed between patients that enter a state of active disease and patients whose
disease remained in remission for IgG1, IgG3 and IgG4. On the other hand, a significant
difference was found for 1gG2-coated bacteria/g (Mann-Whitney test. 0.01<*P-value < 0.05)
where patients that remained in remission present a higher amount than patients whose disease

evolved for an active state (Figure 11.B).
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Figure 11. Comparison of the profile of bacteria-coating by IgG subclasses in CD patients with active disease or
in remission.

(A) The quantitative amount of IgG1-4 coated bacteria/g faeces in samples from CD patients at visit 1 (Remission (T1)),
where 54 patients were in in remission, and visit 2, where 19 patient presented active disease (Active (T2)) and 34 remained
in remission (Remission (T2)). In addition, the quantitative amount of IgG1-4 coated bacteria/g faeces is shown for 20
healthy control individuals (Control) and 8 samples of CD patients that were in active disease were analysed with the
patients that change the state of disease in the second time point. For samples in which no bacteria are observed to be
coated by a specific 1gG subclass, the data point is set to 1 to enable the presentation of the results on a logarithmic axis.
(B) The patient-specific difference (A) between the quantitative amount of IgG1-4 coated bacteria/g faeces at visit 1 and
visit 2. For each patient, the amount of IgG1-4 coated bacteria at visit 1 was subtracting from the amount measured at visit
2. The significant finding is based on a Mann-Whitney test. *P-value < 0.05. Indicated are median * ranges. Statistical
analvses and araphic presentation were conducted in GraphPad Prism 5 and 7.
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To enlighten if the IgG1-4 coated bacteria is patient-specific, the amount of bacteria coated by
the four IgG subclasses in CD patients and controls, was analysed (Figure 12). The amount of
IgA is represented in different plots due to the number of IgA-coated bacteria/g faeces being much
higher comparing to the amount of IgG1-4 coated bacteria/g faeces (Figure 13). The profile of
bacteria coating in each group is available in Appendix B, Figure 30.

It is observed that the profile of bacteria-coating varies a lot from one patient to another even
when comparing samples within the same group which suggests that the production of IgG tend
to be higher in some patients than in others. It is observed in all the groups that the most coated
antibody is IgA followed by 1gG4, 1gG1, 19G2, and IgG3 (decreased order, Figure 12).

The IgGx-coating profile of healthy individuals is similar to the one observed for patients in
remission at the first visit (Figure 12.A and 12.B). In the second visit, it seems to exists an increase
of IgG2 and a decrease of IgG4, comparing to the first visit, for patients whose disease changed
to an active state (Figure 12.B, 12.C).

Although it was expected that the IgGX profile remained similar, patients that remained in
remission at T2 have a profile relatively different between visits (Figure 12.B, 12.D).

In the Remission T1 group is visible that the patients that will remained in remission in the
second visit have a lower amount of IgG2 comparing to the patients whose disease will change
to active (Figure 12.B). Even though the profile changes a lot between patients, a decrease of

IgG4 and an increase of IgG1 appear to happen between visits for most of the patients.

Based on Figure 13, it is visible that the profile of IgA-coating also varies between patients,
being patient-specific. All the groups show a similar distribution of the amount of IgA-coated
bacteria. No significant differences were observed between T1 and T2 samples.

As seen in Figure 12 and Figure 13, some of the patients appear to have 0 % of one antibody
coating. For some patients that is true but most of the patients have such a low amount that is not
possible to distinguish it in the figure. The samples that presented 0 % of a particular antibody
coating were not related to a patient’s deficiency to produce that antibody, once it only appears
in one time point for each patient (for example, M0270 does not present IgG3-coating in visit 2
but had it in visit 1). Furthermore, it is also observed that some patients have an amount of Ig-
coating much higher than the median (outliers). Patients that represent outliers were analysed
concerning their age at diagnosis, disease location and phenotype and smoking history but
common characteristic to all of them were not found. Patient M0185 stood out because in visit 2
presented an elevated amount of IgG4- and a low amount of IgG2-coated bacteria which may be
an indication of an inverse correlation between these two antibodies. In Appendix C, Table 2, is
shown a table that summarizes the patients that lack the coating of a specific antibody and also

the patient’s characteristics of all the outliers.
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Figure 12. Comparison of the profile of bacteria-coating by IgG subclasses in CD patients in the different groups.

The quantitative amount of IgG1 4 coated bacteria/g faeces in samples from (A): healthy individuals; (B) 54 CD patients at visit 1 (Remission (T1)), where all patients were in in remission. (C)
19 CD patients that disease change from remission to active at visit 2 and 8 CD patients that disease state was active (Active (T2)) and (D) 34 patients whose disease remained in remission in
the second visit (Remission (T2)). (- - -) divides the patients that remained in remission in the second visit from the patients that presented active disease. (——) divides the patients that only
had one sample from the other. The patients appear in a descending order of IgG4 in the plot concerning Remission (T1). In Active (T2) and Remission (T2) plots, the patients appear in the
same order as in Remission (T1) plot. Statistical analyses and graphic presentation were conducted in GraphPad Prism 5 and 7.
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Figure 13. Comparison of the profile of bacteria-coating by IgA in CD patients in the different groups.

The quantitative amount of IgA-coated bacteria/g faeces in samples from (A): healthy individuals; (B) 54 CD patients at visit 1 (Remission (T1)), where all patients were in remission. (C) 19 CD
patients that disease change from remission to active at visit 2 and 8 CD patients that disease state was active (Active (T2)) and (D) 34 patients whose disease remained in remission at the
second visit (Remission (T2)). (- - -) divides the patients that remained in remission at the second visit from the patients that presented active disease. (——) divides the patients that only had
one sample from the others. The patients appear in a descending order of 1IgG4, according to Figure 6, in the plot concerning Remission (T1). In Active (T2) and Remission (T2) plots, the
patients appear in the same order as in Remission (T1) plot. Statistical analyses and graphic presentation were conducted in GraphPad Prism 5 and 7. 37



To investigate how an antibody-specific coating is correlated with the others, a Spearman rank
test or a Pearson correlation test was performed between the quantitative number of bacteria
coated by IgA and the four IgG subclasses (Figure 14). A significantly positive correlation is found
between IgA- and IgG1-, and IgG1- and IgG4- coated bacteria in patients that were initially in
remission and in patients that remained in remission in T2. Hence, it is expected that more
bacteria coated with IgA leads to more bacteria coated with IgG1 that consequently, is correlated
with a higher level of IgG4-coated bacteria. Furthermore, a significantly positive correlation occurs
in Remission (T1) between IgG3- and IgG4-coated bacteria and between IgA- and 1gG4-coated

bacteria for patients in Remission (T2) group.
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Figure 14. Correlations between the quantitative amounts of bacteria coated by specific IgG subclasses.

Heat map presenting correlation coefficients between the level of bacteria coated by specific IgG subclasses. Negative
correlation coefficients (grey) represent invers associations between the parameters, whereas positive correlation
coefficients (blue) represent positive associations. Significant correlations are marked by asterisks. * P -value < 0.05, **
P-value < 0.01, 0.0001<*** P-alue < 0.001. A Spearman Rank test was performed for all the correlations in Control
(except for IgG1-1gG3), Remission (T1) and Remission (T2) groups. A Pearson correlation was used in the other cases.

Statistical analyses and graphic presentation were conducted in GraphPad Prism 5 and 7.

The IgA is the most abundant antibody coated by bacteria (0.64 — 35.84 %) hence, the
percentage of bacteria coated with IgG is relatively low. The relative amount of the total bacteria
coated with 1gG1, 1gG2, 1gG3 and 1gG4 is, respectively, 0.06 - 3.86 %, 0 - 30.81%, 0 — 0.82 %
and 0.02 — 4.95 % (Appendix C, Table 3). For the relative data shown in Figure 15, the percentage
of coated bacteria by each antibody shows an increased level tendency of IgG1-, IgG2- and IgG4
coated bacteria for patients with active disease. However the difference between the patients that
remained in remission and the patients with active disease is not significant. As observed in the
quantitative data, the most abundant 1gG subclass is 1gG4 followed by IgG1, 1gG2, and IgG3
(decreased order) (Appendix C, Table 4). For the relative data, it was used the same correlation
analyses used in the quantitative data. It was observed a significantly positive correlation between
IgG1 and IgG4 percentage of coated bacteria on Remission (T1) group; between IgA and IgG2
for patients in Remission (T2) group and between IgA and 1gG2 and IgG1 and IgG2 in patients

that are part of Active (T2) group (Figure 15). No significant correlation is observed for the Control

group.
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Figure 15. Correlations between the percentage of bacteria coated by specific IgG subclasses.

Heat map presenting correlation coefficients between the level of bacteria coated by specific IgG subclasses. Negative
correlation coefficients (grey) represent invers associations between the parameters, whereas positive correlation
coefficients (blue) represent positive associations. Significant correlations are marked by asterisks. * P-value < 0.05, **
P-value < 0.01, 0.0001<*** P-value < 0.001. A Pearson test was performed for the Control group (to log transformed
values) and a Spearman Rank test was performed for the other groups. Statistical analyses and graphic presentation
were conducted in GraphPad Prism 5 and 7.

As previously mentioned, Figure 12 enlighten that the overall coating by IgG subclasses varies
between patients. Taking this into account and using the relative data, the ratio of each subclass
relatively to the percentage of bacteria coated by IgG was calculated. The relative ratio of bacteria
coated by each antibody is 2.21 — 98.90 %, 0 — 90.47%, 0 — 33.83 % and 1.07 — 89.21% for IgG1,
10G2, 1gG3, and IgG4, respectively (Appendix C, Table 5). As observed in the quantitative and
relative data, the most abundant IgG subclass is 1gG4 followed by IgG1, 1gG2, and 1gG3
(decreased order). When analysing the percentage of bacteria coated with IgG4 comparing to the
percentage of total IgG bacteria coated, it is observed an increased amount of IgG4 in patients
with active CD. For IgG1 and IgG2 it is observed an increase in patients that remained in
remission in T2. The control group shows an increased ratio of 1gG2, 1IgG3 and 1IgG4 comparing
to the other groups.

For the relative ratio data, was used the same correlation analyses used in the quantitative
and relative data (Figure 16). It is observed a significantly negative correlation between IgG1 and
IgG4 in all groups and between 1gG2 and 1gG4 in the groups with CD patients. Furthermore, it is
expected that the more IgG1 or IgG2 is present in the total IgG coating, the less IgG4-coating is
found. However, in the quantitative data analysis, IgG1 and IgG4 were positively correlated which

differ from the correlation found for the relative ratio data.
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Figure 16. Correlations between the relative ratios of bacteria coated by specific IgG subclasses compared to the
total IgG coating.

Heat map presenting correlation coefficients between the level of bacteria coated by specific IgG subclasses. Negative
correlation coefficients (grey) represent invers associations between the parameters, whereas positive correlation
coefficients (blue) represent positive associations. Significant correlations are marked by asterisks. * P-value < 0.05, ** P-
value < 0.01, 0.0001<*** Pvalue < 0.001. A Spearman Rank test was performed for all the correlations except between
1gG1 and IgG4 where a Pearson test was performed instead. Statistical analyses and graphic presentation were conducted

in GraphPad Prism 5 and 7.

For most of the data sets, a significant difference between the two groups of patients in
remission is found, but this could be related to few outliers. The outliers were not removed once

the Ig-profiling is patient-specific and all the patients are considered valuable.

In summary, the different groups analysed do not present significant differences. Particularly,
patients presenting active disease and the ones remaining in remission in the second visit, appear
to have almost the same profile of Ig-coated bacteria. The profile of Ig-coating appears to be

patient-specific and not group specific.
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IV.2.Profile of Bacteria Double-Coating by IgA and IgG Subclasses in Controls
and CD Patients

To investigate the amount of bacteria coated by more than one antibody at the same time, the
profile of bacteria double coated by IgA and IgG subclasses were analysed using the flow
cytometry assay. The profile of bacteria double coated was analysed for all the possible pairs,
namely, bacteria coating simultaneously by IgA and IgG1 (IgA_1gG1); IgA and 1gG2 (IgA_1gG2);
IgA and 1gG3 (IgA _1gG3); IgA and 1gG4 (IgA _1gG4); IgG1 and IgG2 (IgG1_1gG2); IgG1 and 1gG3
(IlgG1_IgG3); IgGl and 1gG4 (IgG1l_lgG4); 1gG2 and 1gG3 (IgG2_lgG3); IgG2 and 1gG4
(IlgG2_lgG4); and IgG3 and IgG4 (1gG3_1gG4).

The profile of bacteria double coated in each group of study, namely Control; Remission (T1);
Remission (T2) and Active (T2) are illustrated in Figure 17. For all the groups it is observed that
the pair that has higher level of coated bacteria/g faeces is IgA and 1gG1 followed by IgA and
19G4; 1gG1 and IgG4; IgA and IgG2; 1gG1 and IgG2; IgG3 and IgG4; 1gG2 and IgG4; IgA and
19G3; IgG1 and 1gG3; and 1gG2 and IgG3 (decreased order).
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Figure 17. Comparison of the profile of bacteria-coating by pairs of antibodies in CD patients in the different
groups studied.

The quantitative amount of bacteria/ g faeces coated simultaneously by IgA and IgG1 (IgA_lgGl); IgA and IgG2
(IgA_1gG2); IgA and 1gG3 (IgA_1gG3); IgA and 1gG4 (IgA_IgG4); IgGl and 1gG2 (IgG1_lgG2); 1gG1l and IgG3
(lgG1_IgG3); IgG1 and 1gG4 (IgG1_lgG4); IgG2 and 1gG3 (IgG2_lgG3); IgG2 and 1gG4 (IgG2_IgG4); and IgG3 and 1gG4
(IgG3_IgG4) in samples from (A): healthy individuals; (B) 54 CD patients at visit 1 (Remission (T1)), where all patients
were in remission; (C) 34 patients whose disease remained in remission at the second visit (Remission (T2)) and (D) 19
CD patients whose disease change from remission to active at visit 2 and 8 CD patients that disease state was active
(Active (T2)). For samples in which no bacteria are observed to be coated, the data point is set to 1 to enable the
presentation of the results on a logarithmic axis. Indicated are median + range. Statistical analyses and graphic
presentation were conducted in GraphPad Prism 5.
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The profiles of double-coating for all the pairs are represented in Figure 18. The levels of
bacteria coating by all pairs are similar in healthy individuals, patients in remission and active
disease in T2. The amount of bacteria coated is lower in the Remission (T1) group comparing to
the other groups, excepts for bacteria coated at the same time by IgA and 1IgG4 where the Control
is the group with lower amount of IgA_IgG4-coated bacteria/g faeces.

The percentage of patients that have bacteria coated by two antibodies is very low comparing
to the percentage coated by only a specific antibody. The relative levels of bacteria coated by the
pair IgA and IgG1; IgA and IgG2; IgA and IgG3; IgA and IgG4; IgG1 and 1gG2; IgG1 and 1gG3;
IgG1 and IgG4; IgG2 and IgG3; IgG2 and IgG4; and IgG3 and IgG4 corresponds to 0.001-2.340
%; 0.000-21.30 %; 0.000-0.140 %; 0.000-0.510 %; 0.000-1.890 %; 0.000-0.710 %; 0.001-0.750
%; 0.000-0.1400 %; 0.000-0.750 % and 0.000-0.180 %, respectively).

To study if the profile of double coating is patient-specific, it was analysed the amount of the
bacteria coated in each patient by the ten pairs of antibodies (Figure 19). In line with previous
results, it is observed that the profile of bacteria-coating varies a lot from one patient to another
even when comparing samples within the same group, suggesting that the production of the same
antibodies tends to be higher in same patients.

No significant differences are observed between patients that enter a state of active disease
and patients whose disease remained in remission. The patients whose disease remained in
remission in visit 2 appear to have a decrease in the amount of double coated by IgA and IgG1,
comparing to visit 1. A few outliers were found, corresponding to patients that have high amount
of bacteria coated by a specific pair. The outliers found are the same referred in the previous

section (Profile of IgA and 1gG1-4-coated bacteria in Control and CD patients).

To investigate how the different pairs of antibodies are correlated, a Spearman Rank test was
performed between the quantitative numbers of bacteria coated by all pairs in the different groups
of study. Several significant positive correlations were found between the pairs. The following
significant positive correlations are common to the four groups (Control; Remission (T1);
Remission (T2) and Active (T2)): IgA 1gG1 and IgA_1gG4; IgA IgG1 and IgG1_IgG4; IgA 1gG2
and IgG1_IgG2; IgA _1gG2 and 1gG2_1gG4; IgA_1gG3 and IgG1_1gG3; IgA_1gG3 and IgG3_I1gG4;
and 1gG1_IgG2 and IgG2_IgG4. Furthermore, a very significant positive correlation was found

between IgA_1gG4 and IgG1_IgG4 in the remission groups.
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Figure 18. Comparison of the profile of bacteria-coating by all the antibodies pairs in CD patients with active disease or in remission.

The quantitative amount of bacteria /g faeces coated simultaneously by IgA and 1gG1 (IgA_lgG1); IgA and 1gG2 (IgA_1gG2); IgA and IgG3
(IgA_1gG3); IgA and 1gG4 (IgA_IgG4); IgG1 and IgG2 (IgG1_lgG2); IgG1 and IgG3 (IgG1_lgG3); IgG1 and IgG4 (IgG1_lgG4); IgG2 and IgG3
(1gG2_lgG3); 1I9G2 and IgG4 (IgG2_lgG4); and IgG3 and 1gG4 (IgG3_IgG4) in samples from CD patients at visit 1 (T1), where all patients were

in remission (Remission T1), and visit 2 (T2), where 19 patient presented active disease (Active (T2)) and 34 remained in remission (Remission
(T2)). In addition, were also studied the samples of 20 healthy control individuals (Control) and 8 samples of CD patients that were in active
disease were analysed with the patients that presented active disease in the second time. For samples in which no bacteria are observed to be43
coated the data point is set to 1 to enable the presentation of the results on a logarithmic axis. Indicated are median + ranges. In plots that the
median is not visible the value is 1. Statistical analyses and graphic presentation were conducted in GraphPad Prism 5.
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Figure 19. Compaﬁson of the profile of double bacteria-coating in CD patients in the different groups of study.

44 The quantitative amount of by IgA and IgG1 (IgA_lgG1); IgA and IgG2 (IgA_1gG2); IgA and 1gG3 (IgA_IgG3); IgA and 19G4 (IgA_IgG4); 1gG1 and 19gG2 (IgG1_lgG2); IgG1 and IgG3 (IgG1_IgG3); IgG1 and 1gG4 (IgG1_lgG4);
19G2 and 1gG3 (1gG2_lgG3); 1IgG2 and IgG4 (IgG2_IgG4); and 1gG3 and IgG4 (IgG3_IgG4) coated bacteria/g faeces in samples from (A): healthy individuals; (B) 54 CD patients at visit 1 (Remission (T1)), where all patients
were in in remission. (C) 19 CD patients that disease change from remission to active at visit 2 and 8 CD patients that disease state was active (Active (T2)) and (D) 34 patients whose disease remained in remission in the
second visit (Remission (T2)). (-----) divides the patients that remained in remission in the second visit from the patients that presented active disease. (——) divides the patients that only had one sample from the other. The
patients appear in a descending order of IgA_IgG1 in the plot concerning Remission (T1). In Active (T2) and Remission (T2) plots, the patients appear in the same order as in Remission (T1) plot. Statistical analyses and
graphic presentation were conducted in GraphPad Prism 5 and 7.



IV.3.Associations Between Currently Used Disease Markers and the Profile

of Bacteria-Coating by IgA and IgG Subclasses in CD Patients

Several disease markers are used for CD, namely, the Harvey-Bradshaw Index (HBI), the level
of C-reactive protein in blood samples, calprotectin in faecal samples and the Bristol Stool Scale
(BS) value.

Harvey-Bradshaw Index is a disease activity index that is used for CD patients. Patients with
a score higher than 4 are considered to have active disease.66

The level of C-reactive protein in blood is a biomarker associated with inflammation. In
response to an inflammation, the levels of CRP increase, therefore CRP is classified as an acute-
phase protein. The protein is produced by the liver and its levels rise as a response to pro-
inflammatory cytokines. Although being used for CD, CRP is not a specific marker for intestines
since it can be produced due to extraintestinal inflammations as well. Healthy individuals normally

present less than 1 mg/L of CRP in blood whereas in periods of acute inflammation the levels
cans rise 100-fold (200-400 mg/L)1¢7,

Calprotectin is a calcium and zinc-binding protein that is used as a biomarker for disease
activity. An increase level of calprotectin in faeces indicates the presence of mucosal
inflammation. The protein is produced by granulocytes at the site of mucosal inflammation leading
to an increase of the level of calprotectin in faeces'%8. Concerning the level of faecal calprotectin
(FC), active disease is associated to a value higher than 250 ug/g, healthy individuals usually
present a value less than 50 pg/g. However, these cut-off levels are not consensual.

The Bristol Stool Scale (BS) is used to differentiate the faecal samples according to their
texture. The Scale has seven categories, 1 represents the most solid consistence and 7 the most

liquid. A Bristol Stool Scale classification of 3-4 is considered within the normal range.

To determine the possible associations of the disease markers (above-mentioned) to the
amount of bacteria/g faeces and to the quantitative amount of IgA and 1gG1-4 coated bacteria/g
faeces, a correlation analysis was performed. Furthermore, it was also analysed the existence of
correlations between the parameters and the relative amount of IgA and IgG1-4 bacteria coated
and the IgG1-4 relative ratio of total IgG bacteria coated. The resulting correlation coefficients and
significant findings are shown in Figure 20. A Spearman Rank test was performed for all the pairs
of data.

A significantly negative correlation was found between HBI and the amount of bacteria
coated/g faeces and the amount of IgG4 coated bacteria/g faeces among the Remission T1 and
T2 groups. In addition, a significantly positive correlation was observed in those groups between
the parameter mentioned and the percentage of bacteria coated by IgA. Furthermore, it is also
spotted a significantly negative correlation between HBI and the amount of IgG1 bacteria coated/
g faeces in Remission (T1) and Active (T2) groups (Figure 20).

For C-Reactive protein, Remission T1 group is the only group where significant correlations

were found. A significantly negative correlation was found between CRP and the amount of IgA
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coated bacteria/g faeces; IgG1 coated bacteria/g faeces and the IgG1 relative ratio of bacteria
coated by total IgG. Moreover, a positively significant correlation was found between CRP and
the 1gG4 relative ratio of bacteria coated by total 1gG.

In relation to Faecal Calprotectin, a single significantly positive correlation was observed in
Active (T2) group between FC and the amount of IgA-coated bacteria/g faeces.

The Bristol Stool Scale is the disease marker showing more correlations. The IgG1 relative
ratio of total IgG bacteria coated seems to be significantly positively correlated to the BS in
samples from the first time point (T1). In all the groups, a significantly negative correlation is
detected between BS and the amount of IgG4 bacteria coated/g faeces. BS in Remission T2 and
Active T2 groups appear to have a significantly negative correlation to the total number of
bacteria/g faeces; the amount IgG4 bacteria coated/g faeces and the 1gG4 relative ratio of total
IgG bacteria coated. A significantly negative correlation was established in Remission T2 group,
between BS and the amount of IgA bacteria coated/g faeces; the amount of IgG1 bacteria
coated/g faeces and the relative amount of 1G4 bacteria coated. In Active T2 group several
significantly positive correlations are described namely, correlations to: relative amount of
bacteria coated by IgA, relative amount of IgG1 bacteria coated; amount of IgG2 bacteria coated/g

faeces; relative amount of bacteria coated by IgG2 and IgG2 relative ratio of total IgG bacteria

coated.
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Figure 20. Correlations between bacteria-coating by IgA and IgG subclasses and currently used disease markers
in CD patients.

Heat map showing correlation coefficients between disease markers and the amount of bacteria/g faeces, and the
quantitative amount of IgA and 1gG1-4 coated bacteria/g faeces. The amount of bacteria coated by IgA and 1gG1-4 is
given as a percentage and a quantitative measure based on the coating/g faeces. Furthermore, the amount of bacteria
coated by IgG1-4 is also given as a relative ratio of total IgG coating. The heat map is divided into Remission (T1), that
includes all patients in a state of remission, Remission (T2) that includes patients that were still in remission on visit 2 and
Active (T2) concerning to patients that have entered a state of active disease. Negative correlation coefficients (grey)
represent invers associations between the tested parameters, whereas positive correlation coefficients (blue) represent
positive associations. The correlation coefficients were obtained by a Spearman Rank analysis. 0.01<* P-value < 0.05, **
P-value < 0.01, *** P-value < 0.001. HBI: Harvey-Bradshaw Index. Statistical analyses and graphic presentation were
conducted in GraphPad Prism 5 and 7.
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Given that Bristol Scale is the biomarker that presents a higher amount of significant
correlations was considered relevant to further study the importance of faecal texture as a
biomarker to categorize the state of disease in CD patients. To study the influence of the faecal
samples texture, the amount of bacteria (Figure 21) and the profile of Ig-coating bacteria (Figure
22) were studied for the two time points (Time 1 and Time 2). The patients were divided in two
groups, Group 1 (G1) where all patient’s faecal sample were classified as 3, 4 or 5 in the Bristol
Scale and Group 2 (G2) where the samples were classified as 6 or 7. The comparison between
visit 1 and visit 2 was performed considering that between visits the patient’s faecal remained in
the same Bristol Scale category and that the ones that did change the category, remained in the
same group.

It is observed that within the same visit, independently of which visit, the number of bacteria is
higher in G1 comparing to G2 (Figure 21). Group 2 includes samples that were classified as 6 or
7 in the Bristol Scale which means that they have higher quantity of water and less amount of
faecal matter. Hence, it makes sense that a lower amount of faecal matter is related with a lower
amount of coated bacteria. In the second visit, it is visible an increase in the number of bacteria
coated, both in Group 1 and 2, comparing to the first visit. Of note is the significant findings of the
opposite association with bacteria at visit 2 between the groups 1 and 2 (Mann-Whitney test.
0.0001<***P-value < 0.001).
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Figure 21. Comparison between the Bristol Scale and the amount of bacteria-coating in CD patients in remission
in T1 and with active disease or in remission in T2.

(A) The amount of bacteria/g faeces in samples from CD patients at visit 1 (Time 1), where all patients were in in
remission. (B) The amount of coated bacteria/g faeces in samples from CD patients at visit 2 (Time 2), where 19 patient
presented active disease and 34 remained in remission. The samples were divided in two groups, according to the
category on the Bristol Scale. Group 1 (G1) is composed by patients that presented 3, 4 or 5 on the Bristol Scale and
Group 2 (G2) of patients that had 6 or 7. The significant finding is based on a Mann-Whitney test. 0.0001<***P-value <
0.001. Statistical analyses and graphic presentation were conducted in GraphPad Prism 5 and 7.

For all the Ig-coating bacteria it is observed an increase of the level of bacteria coated within
the Group 1 between the first and second visit. The median level of the Group 2 remains almost
the same between visits excepts for 1gG2-coated bacteria that is relatively higher on visit 2
comparing to visit 1 (Figure 22). Of note is the significant finding of the opposite association with

IgG4-coating at visit 1 and visit 2 between the Groups 1 and 2.
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Figure 22. Comparison between the Bristol Scale and the profile of bacteria-coating by IgA and IgG subclasses in CD
patients in remission in T1 and with active disease or in remission in T2.

(A) The quantitative amount of IgA and IgG1-4 coated bacteria/g faeces in samples from CD patients at visit 1 (Time 1), where all
patients were in in remission. (B) The quantitative amount of IgA and IgG1-4 coated bacteria/g faeces in samples from CD patients
atvisit 2 (Time 2), where 19 patient presented active disease and 34 remained in remission. The samples were divided in two groups,
according to the category on the Bristol Scale. Group 1 (G1) is composed by patients that presented 3, 4 or 5 on the Bristol Scale
and Group 2 (G2) for patients that had 6 and 7. The significant finding is based on an Unpaired T-test. 0.01<*P-value<0.005; ****P-
value < 0.0001. Statistical analyses and graphic presentation were conducted in GraphPad Prism 5 and 7.
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IV.4.Relation of the Profile of Bacteria-Coating by IgA and IgG Subclasses in
CD Patients to Disease Phenotype, Disease Location, Age at Diagnosis;

Smoking History and Gender
Crohn’s Disease onset and outcome can be influenced by several factors. Hence, it was
considered relevant to study the information’s concerning the patient-specific characteristics
(Appendix B). To investigate some of the factors that can be related to CD, a statistical analysis
was performed to identify the relation between the bacteria-coating by IgA and IgG1-4 and the
smoking history; disease phenotype; disease location; age at diagnosis; and patient’s gender.
The follow data refers to samples in the same study groups presented in the previous sections

(Remission T1; Remission T2 and Active T2).

IV.4.1.Phenotype

Disease phenotype is related with the behaviour of CD which can change due to disease’s
progression. Throughout life, patients can have complications such as strictures, fistulas and
abscesses. As previously mentioned, CD behaviour is classified in three categories according to
the existent complication. B1 represents a disease with no complication; B2 is related to a
stricturing behaviour and B3 to a penetrating behaviour where fistulas, perianal ulcers, and/or
abscesses are included?6°.

A statistical analysis was performed to identify the relation between the disease behaviour and
the bacteria-coating by IgA and IgG subclasses. Furthermore, it was examined if the number of
bacteria/g faeces was affected by the disease phenotype. Figure 23 summarizes the results
found. Appendix E.1. shows the scatter plots and median levels regarding the profile of IgA and
IgG1-4 when patients were grouped accordingly to their disease phenotype.

Overall, the amount of bacteria coated decreases with the increase of disease complications
(B1 to B3) in all the groups; no significant difference were observed between the same phenotype
in the three groups.

Patients belonging to remission groups appear to have decrease amount of bacteria/g faeces;
IgA- and IgG1-coated bacteria/g faeces with the increased of the phenotype, i.e., a penetrating
behaviour has less amount of IgA coating than a structuring behaviour. A structuring behaviour
in Active T2 group presents higher amount of IgA coating comparing to the others phenotypes.

For 1gG1-coated bacteria it seems that in remission groups the higher the disease
complications the lower the amount of bacteria coated.

The amount of bacteria/coated by IgG2 is higher in patients with B3 that present active
disease. In the three phenotypes it is observed an increase of IgG2-coated bacteria with the
complications severity (B1 to B3).

Regarding 1gG3-coating, the amount of 1IgG3-coated bacteria in Active T2 group decreases
with the increase of phenotype.

The amount of IlgG4-coated bacteria is higher in the active group that in the remission groups.

The decrease with the increase of the severity of complications (B1 to B3) seen for the 1gG4-
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coating within the Active T2 group is found to be significant (Kruskal-Wallis test, 0.01<*P-value <
0.05).

In general, phenotype B2 is related to higher amount of bacteria/g faeces; IgA and IgG1
coating in active disease and IgG3 in Remission T1 group. Furthermore, in all groups it is
observed that a structuring phenotype is associated with a higher value of IgG4-coated bacteria
comparing to phenotypes B1 and B3.

Phenotype B1 is related with higher amount of bacteria in all the groups, IgA and IgG1 in
Remission (T1) and (T2). Lastly, phenotype B3 is responsible for higher amount of IgG2 in all the
groups. Results found for the relative data are consistent to the ones seen for quantitative data.
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Figure 23. The profile of bacteria-coating by IgA and IgG subclasses in patients grouped according to their
disease phenotype.

The values represented in the heat map are the median levels of IgA and 1gG subclass -coating and/or amount of bacteria/g
faeces in every category of disease phenotype. B1 category represents a non-stricturing, non-penetrating phenotype, B2
represents a stricturing phenotype, and B3 a penetrating phenotype where fistulas, perianal ulcers and/or abscesses
occur. The heat map is divided into three groups where Remission (T1) includes all patients in a state of remission in visit
1; Remission (T2) includes the patients whose disease remained in remission in visit 2 and Active (T2) the patients that
have entered a state of active disease in visit 2. The significant finding is based on a Kruskal-Wallis test. 0.01<* P -value
< 0.05. Data represented by scatter plots can be found in Appendix E.1. Statistical analyses and graphic presentation
were conducted in GraphPad Prism 5 and 7.

IV.4.2.Location
CD can affect different locations within the gastrointestinal tract which, once again, can change
according to disease’s progression. As previously mentioned, the Montreal Classification divides
disease location into four categories, L1; L2; L3; and L4, representing ileum, colon, ileum and
colon and the upper gastrointestinal tract, respectively®®. To study the influence of disease
location, a statistical analysis was performed to found out associations between location and the

bacteria coating by IgA and IgG1-4, as well as the number of bacteria/g faeces. Figure 24,
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summarizes the results observed. Scatter plots and median levels related with the profile of
bacteria coated when patients are grouped accordingly to their disease location can be found in
Appendix E.2.
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Figure 24. The profile of bacteria-coating by IgA and IgG subclasses in patients grouped according to their
disease location.

The values represented in the heat map are the median levels of IgA and 1gG subclass -coating and/or amount of bacteria/g
faeces in every category of disease location. Disease location was divided in four categories that include ileum (L1), colon
(L2), ileum and colon (L3), and the upper gastrointestinal tract (L4) which covers disease from the mouth to ileum. Patients
presenting disease in ileum and gastrointestinal tract and in ileum, colon and gastrointestinal tract, were allocated to L1
& L4 and L3 and L4, respectively. The heat map is divided into three groups where Remission (T1) includes all patients
in a state of remission in visit 1; Remission (T2) includes the patients whose disease remained in remission in visit 2 and
Active (T2) the patients that have entered a state of active disease in visit 2. The significant finding is based on a one-
way ANOVA test. 0.01<* P-value < 0.05. Data represented by scatter plots can be found in Appendix E.2. Statistical
analyses and graphic presentation were conducted in GraphPad Prism 5 and 7.

Overall, disease in colon (L2) and both ileum and the upper gastrointestinal tract (L1 & L4) are
the categories possessing the highest amount of bacteria as well as the highest amount of

bacteria coated by the different antibodies.
Disease in colon region (L2) appears to be associated with higher amount of IgG3 in

Remission (T1) group, IgA in Remission (T2) and IgG2 in Active (T2) group.

The amount of bacteria coated by IgA in Remission T2 group seems to be higher in disease
located in ileum (L1), colon (L2) and ileum and colon (L3)-ascending order.

Disease in ileum and gastrointestinal tract (L1 & L4) seems to be related with high amount of
bacteria coated by all the antibodies and also with higher amount of bacteria coated. Only one
patient presented the disease in this location hence, no conclusions about this data should be
extrapolated. The same is true for disease located in colon, ileum and gastrointestinal tract (L3 &
L4) which was present in one patient only.

In the Remission group at visit 2, patients having disease in both ileum and colon (L3)
compared to disease restricted only to colon (L2) have significantly higher amount of bacteria/g
faeces (one-way ANOVA, P-value < 0.05). Results found for the relative data are consistent to

the ones seen for the quantitative data.
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IV.4.3.Age at diagnosis

The patient's age when diagnosed with CD can influence the disease outcome. The earlier
the disease is recognised, the sooner the best treatment can be found. To investigate whether
the age at diagnosis has an association with bacteria-coating by IgA and IgG subclasses, the
profile of bacteria coated was studied when patients were grouped accordingly to their age at
diagnosis. The scatter plots and median levels concerning the bacteria coating profile in relation
to age at diagnosis can be seen in Appendix E.3. Figure 25 summarizes the results found.
Patients were considered being part of group A1 when diagnosis occurred before 16 years old
(included); A2 when disease was recognised after 16 and before 40 years old (included) and A3
when disease diagnosis happened after 40 years old, accordingly to Montreal Classification69,
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Figure 25. The profile of bacteria-coating by IgA and IgG subclasses when patients were grouped accordingly to

their age at disease diagnosis.

The values represented in the heat map are the median levels of IgA and 1gG subclass -coating and/or amount of bacteria/g
faeces in every category of age at diagnosis. Al represent patient that were diagnosed before the age of 16 years, A2 to
refers to patients diagnosed in the age of 1740 years, and A3 to patients diagnosed after the age of 40 years. The heat
map is divided into three groups where Remission (T1) includes all patients in a state of remission in visit 1; Remission
(T2) includes the patients whose disease remained in remission in visit 2 and Active (T2) the patients that have entered
a state of active disease in visit 2. Data represented by scatter plots can be found in Appendix E.3. Statistical analyses
and graphic presentation were conducted in GraphPad Prism 5 and 7.

Patients belonging to Remission T1 and Active T2 groups, that were diagnosed before the age
of 16 years old (Al) seem to be related with a higher amount of bacteria coating by IgG1 and
IgG4 as well as a higher amount of bacteria/g faeces comparing to patients diagnosed in other
ages. On Remission T2, the contrary is observed and in addition, diagnosis before 16 years old
seem to be related to higher level of IgG2-coated bacteria/g faeces. It is noteworthy, that only two

patients were diagnosed before 16 years old.
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Diagnosed at the age of 17-40 years old (A2) appear to be related with an elevated amount of
bacteria coating by IgA in the remission groups. Furthermore, in those groups, A2 patients appear
to be related to an elevated amount of IgG4 bacteria coated/g faeces.

Regarding to relative data (available on Appendix E.3.), it was observed a decrease of the
bacteria coated by IgA and IgG1 with the increased age at diagnosis. Besides that, in Remission
T1 group, it seems that being diagnosed after 40 years old (A2) comparing to the age of 17-40
(A3) decreases significantly the bacteria coated by IgG4 (one-way ANOVA. 0.01<* P-value <
0.05).

IV.4.4.Smoking

One of the environmental factors described in the Theoretical Background section was
smoking. Smoking can represent a risk in disease development and/or outcome. Therefore it was
considered relevant to investigate the relation between the level of bacteria-coating by the
different antibodies and patient’s smoking history (summarised in Figure 26). The scatter plots
and median levels that lead to Figure 26 are available in Appendix E.4. The samples were divided
in three categories where “Never” represents patients that never smoked; “Ex” represents patients
that used to smoke; and “Currently” the patients that were smokers at the time of samples
collection.
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Figure 26. The profile of bacteria-coating by IgA and IgG subclasses when patients were grouped accordingly to
their smoking history.

The values represented in the heat map are the median levels of IgA and 1gG subclass -coating and/or amount of bacteria/g
faeces in every category of smoking history i.e. never been a smoker (Never), ex-smoker (Ex) and current smoker
(Currently-at the time of sample collection). The heat map is divided into three groups where Remission (T1) includes all
patients in a state of remission in visit 1; Remission (T2) includes the patients whose disease remained in remission in
visit 2 and Active (T2) the patients that have entered a state of active disease in visit 2. Data represented by scatter plots
can be found in Appendix E.4. Statistical analyses and graphic presentation were conducted in GraphPad Prism 5 and 7.
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Patients with active disease that never smoked (Never) show a tendency of increase 1gG2-
and 1gG4-coating along with an increase in the amount of bacteria/g faeces comparing to those
that were smokers or ex-smokers. The tendency observed for increased 1gG2-and 1gG4-coating
was also present in patients whose disease was in remission at the time of the first visit. It is
important to note that patients that simultaneously smoke and have active disease have a much
higher level of IgG2 bacteria coated/g faeces comparing to all the other patients. This observation
can be an indicative of a correlation between smoking and active disease and the role of IgG2 in
the development of the disease.

The amount of IgG1 coating appears to decrease with the increase of smoking history in
Remission (T1) and Active (T2), i.e. patients that never smoked presented higher amount
comparing to ex-smokers and smokers. Hence, smoking could be related to a decrease of the
amount of IgG1 in CD patients.

For the three study groups (Remission (T1); Remission (T2) and Active (T2)), it is observed a
decrease of lgG4 coating when patients never smoked; were ex-smokers and currently smokers,
i.e., it seems that smoking is related with a decrease in the level of bacteria coating by 1gG4.

Patients that were previously smokers belonging to Remission (T1) and Active (T2) appear to
have higher level of IgG3-coated bacteria/g faeces comparing to currently smokers or patients
that never smoked. The same results are found for relative data (Appendix E.4.).

Summing up, smoking appears to be related to: a decrease of IgGl- and IgG4- coated
bacteria/g faeces; a decrease of IgA-coated bacteria/g faces in patients in remission and to an

increased level of bacteria coating by IgG2 in patients with active disease.

IV.4.5.Gender

Although, CD seems to be no sex-specific it was considered relevant to study if, in the present
work, the profile of bacteria coating was influenced by the patient’s gender. To investigate whether
the gender has an association with bacteria-coating by IgA and IgG subclasses, the profile of
bacteria coated was studied when patients were grouped as Male or Female.

Figure 27 summarizes the results that were extrapolated from the data present in the scatter

plots and tables available in Appendix E.5.

Males appear seem have higher level of bacteria/g faces and also 1gG1-coated bacteria/g
faeces comparing to female in the remission groups. Contrastingly, it was observed that female
present higher amount of IgG2- coated bacteria/g faeces in all the groups. Furthermore, female
patients with active disease have higher level of IgG1-; 1IgG2; IgG3- coating in addition to higher
amount of bacteria/g faeces comparing to male patients.

In addition, it is observed that the level of IgA coating in all groups is higher in Male comparing
to Female patients.

Female patients belonging to Remission (T1) and Active (T2) groups have higher level of IgG4

coating comparing with Male.
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It should be noted that the decrease seen for bacteria/g faeces between Male and Female
patients, at the first visit, is found to be significant (Unpaired T-test, 0.01<*P-value < 0.05).

Comparing these findings to the relative data found in Appendix E.5, it is observed that the
relative level of IgA; IgG1- and IgG4-coating has the opposite distribution seen for the quantitative
data. Quantitative data considers the amount of bacteria/g faeces which adds a further dimension
of information to the data and can be the reason for the different results observed between the

quantitative and relative data.

Gender

Bacteria/g faeces * |-
|

IgA-coated bacteria/g faeces

1.6x10"

1.2x10%
9x 108

7x108
75107
6x 107
5x107
3108

2x 108
1x 108

8x10°
6x10°
4x10°

1.5x108
1.0x108

IgG1-coated bacteria/g faeces

1gG2-coated bacteria/g faeces

IgG3-coated bacteria/g faeces

IgG4-coated bacteria/g faeces

Figure 27. The profile of bacteria-coating by IgA and IgG subclasses when patients were grouped accordingly to
their gender.

The values represented in the heat map are the median level of IgA and IgG subclass-coating and/or amount of bacteria/g
faeces in male and female patients. The heat map is divided into three groups where Remission (T1) includes all patients
in a state of remission in visit 1; Remission (T2) includes the patients whose disease remained in remission in visit 2 and
Active (T2) the patients that have entered a state of active disease in visit 2. The significant finding is based on an Unpaired
T-test. 0.01<* P-value < 0.05. Data represented by scatter plots can be found in Appendix E.5. Statistical analyses and
graphic presentation were conducted in GraphPad Prism 5 and 7.

Lastly, it is important to note that in all the previous parameters, several differences were found
between the two remission groups. These differences might be related to the lower amount of

patients that are considered in remission in the second visit (34) comparing to the first visit (53).
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V. Discussion

In the present work, the profile of bacteria coated by IgA and IgG subclass was investigate in
faecal samples from Crohn’s Disease patients. The aim was to identify whether the profile could
be used to properly distinguish healthy individuals from CD patients in remission and with active
disease. Additionally, it was investigated if the currently used disease markers where being
effective in this distinction and if patient’s characteristics, namely, disease phenotype, disease
location, smoking history, age at diagnosis, and gender, may influence the profile of bacteria
coating.

The present study estimated the relative profile of bacteria coating as well as the quantitative
profile. The quantitative data provides a more faithful inside of the profile of bacteria coating once
it is determined the actual amount of bacteria coating by IgA and IgG subclass and not only a
relative amount. Furthermore, once it is known that specific antibodies/subclass are responsible
for coating specific microorganisms, knowing the precise amount of bacteria coated by those
antibodies may hence provide a more comprehensive view of what are the predominant taxa in
CD. Moreover, some of the used disease markers are thought to be correlated with an
increased/decreased amount of bacteria in faeces thus it is important to determine the actual
amount of bacteria to found whether a correlation exists or not. Nevertheless, the relative data is
also displayed since most of the previous studies only measured the relative amount of bacteria
and also because these data can give some insights about the disease activity as well.
Furthermore, the comparison between the results obtained from both quantitative and relative
data leads to more conclusive results.

In general, the amount of bacteria/g faeces was the same in healthy individuals and CD
patients (no significant difference was found between patients in remission and the ones
presenting exacerbate disease) with approximately 1x101° bacteria/g faeces. In contrast,
Vandeputte et al.1’® reported that the level of bacteria in CD patients and healthy individuals
differs, being 3x10%° bacteria/g faeces and 1x10%! bacteria/g faeces, respectively. Although, in
the present work, the amount of bacteria in healthy individuals is lower than expected, the number
of bacteria in CD patients is in the range reported by Vandeputte et al.

The distribution of the bacteria coating was found to be IgA>IgG4>1gG1>1gG2>IgG3 in all the
groups, i.e., healthy individuals, patients in remission and patients presenting active disease.
Regarding the difference between IgA and IgG coating, the present work showed that IgA is the
immunoglobulin present in higher percentage as expected since IgA is part of the first line of
defence against pathogens and commensals’172, In previous studies'’®174, the percentage of
IgG-subclass producing cells, in CD patients, followed the distribution 1IgG1>1gG2>1gG4>IgG3 in
serum and mucosa, which is in contrast to findings in this work. The level of Ig producing cells in
the mucosa and serum may not be correlated to the profile of bacteria coating of faecal bacteria
since bacteria coating depends on transepithelial transport and bacterial antigen affinity. Since
Philipsen et al. reported low amounts of IgG4 in the blood'” and in the present study it was the
subclass to present the higher amount, it may suggest that IgG4-producing cells are in higher

number in intestines. Furthermore, as mentioned in the Theoretical Background section, only a
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fraction of the intestinal induced IgG-producing cells returns to lamina propria in the gut, after
recirculation, and the different IgG subclasses-producing cells may act through different
mechanisms which may lead to differences in the intestinal homing of each subclass. On the other
hand, Kett et al. reported that only a small amount of IgG4-producing plasma cells is present in
the mucosal’ but, once more, Kett et al. study was not based in faecal samples.

The high amount of IgG4-coated bacteria in faecal samples must be related to an increased
transepithelial transport of this subclass in comparison to others. In addition, it is known that IgG4
is not able to perform strong effector functions which could be an advantage to mediate sampling
of antigens from the lumen, once this mechanism occurs trough transepithelial transport as well.
However, it is not known if, in the case of CD, it is necessary the intervention of FCRn transport
for antibody crossing, since CD is characterised by a transmural inflammation. On the other hand,
the presence of IgG4 in high quantities may be normal since this subclass is characterised by a
non-inflammatory nature that can be responsible for the coating of several commensals involved
in a tolerogenic response, in equilibrium conditions.

The low levels of IgG3-coated bacteria could be related to the presence of IgG1 since it is
known that IgG1l presence inhibits the FcRn binding of IgG3 leading to a decrease in 1gG3
transport!41,

The slight increase in the level of IgA-coated bacteria/g faeces, that was observed between
patients in remission in first visit and patients that had a change in disease state between visits
(from remission to active), showed to be significant. The comparison between patients that
remained in remission and patients whose disease developed to an active state, demonstrate that
active patients have a non-significant decrease of the amount of IgA-coated bacteria/g faeces.
The same was observed in the patient-specific difference between the two visits which is in line
with Philipsen et al. that did not found differences in the level of IgA between patients in remission
and with disease in an exacerbating state!’>. However, no significant differences were found
between healthy individuals and CD patients which contrasts with Palm et al.’>> and Peterson et
al.1’® who reported that the proportion of IgA-coated bacteria was increased in CD patients
comparing to healthy individuals. In terms of relative data, it was observed that the percentage of
IgA-coated bacteria in control (3.746 %, median) was lower comparing to CD patients (5.168-
6.891 %). Similarly, Waaij et al. reported that IBD patients present higher levels of IgA bacteria
coating comparing to controls. More specifically, they concluded that controls present 36 +12 %
whereas IBD patients with active disease contained 69+19% IgA-coated bacterial?.
Furthermore, they found that patients in remission for more than 2 years also presented higher
percentage of IgA-coated bacteria (50+16%) comparing to the controls. The differences
concerning the relative data are due to the use of means while in the present study, were analysed
the median levels. In addition, their study was based in a mix of 18 CD and UC patients that is a
small number of patients and can lead to biased results once the sample of a single patient can
drastically change the results.

In contrast to what was expected, IgG-coated bacteria/g faeces presented similar profiles in

healthy individuals and CD patients. Although no significant difference was found, it appears that
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active state is related to a slight increase in the level of IgG. In accordance with ours, the study
of Waaij et al. showed that IBD patients have an increased percentage of IgG-coated faecal
anaerobic bacteria compared to controls, reporting that healthy patients expressed 11+4 % of
IgG-coated bacteria in contrast with CD patients that showed 56+32 %177, In addition, Harmsen
et al. found that CD patients had more IgG binding gut bacteria than healthy individuals!®” and
Baklien et al. reported that the IgG cell fraction is increased up to 30 times in CD patients,
depending on the severity of the lesion'’8. Moreover, IgG level was found to be normal in patients
with at least 2 years of clinical remission?. In the present work, it was found that the patient’s
time in remission is unavailable, so it is not possible to know if our results are similar to the ones
from Waaij et al. However, the difference between the controls and the remission’s patients is so
minor that it could be hypothesized that patients have been in remission for quite a while. It is
thus suggested, that the time of remission could influence the profile of IgG bacteria coating and
that in further studies should be included in patient’s information.

No significant differences were found for IgG1 and IgG3 between controls and CD patients
which is in agreement to Philipsen et al. who noted that in CD patients serum, no significant
differences were find between these subclasses between active and remission disease’. In line
with Wang et al.1’9, it was observed that IgG4, when comparing the patient-specific difference
between the visits, presented a minor increased in patients whose disease turned active.
Additionally, for 1gG2, the patient-specific data shows a decrease for active patients which
suggests that active disease is related to a decrease in the level of IgG2, contrasting to several
studies that correlated CD with an increase of 1IgG2174175.180 Specifically, Philipsed et al. related
active disease with an increased concentration of IgG2 in patient's serum. On the other hand,
Helgeland et al. reported a reduced proportion of IgG2 in serum of healthy individuals and
affected Crohn's disease twins'’3. Similarly, Rai et al. noted that IBD patients display low levels
of Ig in serum181, Again, the level of Ig in blood may not express the level of Ig in faecal samples.

Since CD is thought to be related with an increased level of IgG coating in active disease, it
was expected that the same occurred to IgG subclasses. However, as previously mentioned, an
increase of IgG was not observed, thus the results found for the subclasses are consistent.

Patients in remission were expected to present the same profile of antibody-coated bacteria,
thus patients that remained in remission should have displayed the same profile between visits.
However, the profile between groups was different in all the antibodies coating which may be due
with the lower number of patients that maintained remission. In addition, it can be suggested that
although disease remained in remission, the time of remission may influence the profile of
antibodies thus, in future work it should be consider the time of remission and should be done a
study with patients whose disease do not became active between visits.

In the Theoretical Background section, it was hypothesized that CD was related to an IgG2-
and 1gG3-mediated immune response, coupled with an IgA immune response as well. Thus it
was expected that patients with active disease would present increased levels of 1IgG2, IgG3 and
IgA. However, the results of the present study suggest that an increase of IgG4 and a decrease

of IgG2 are related to CD immunopathogenesis. Therefore, the results do not support the idea of
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CD being associated to a Thl, Th1l7 and Treg responses. However, the association between
Th17 and IgG3 production remains to be validated. No studies concerning the profile of IgA and
1gG subclass in CD were found which did not enable a direct comparison of the data displayed in
the present work.

Noteworthy, the studies previously mentioned were performed in the 70-90’s where the
immunological knowledge and technologies were limited. Therefore, it is important that new
studies concerning the antibodies levels in different sites will be conducted.

In summary, active disease in CD patients seem to be related to a decreased level of 19G2,
an increased level of IgG4 comparing to healthy individuals and IgA production in comparison to
patients in remission.

The antibody production showed to be patient specific since the level of coating by all
subclasses was different between patients that were part of the same group, thus suggesting that
some patients produce more IgA and IgG than others. Furthermore, the relative quantity of each
antibody varies with the patient, not following the order suggested by the profiles
(IgG4>IgG1>IgG2>IgG3). Palm et al. reported that each individual displayed a distinct pattern of
IgA coating which is in accordance with the results of the present work>>. Even though the profile
changes a lot between patients, when the samples donated in visit 1 were divided in two groups,
one for patients who later enter a state of active disease and another for patients in remission, a
decrease of IlgG4 and an increase of IlgG1 were occurring between visits for most of the patients.
However, it is not possible to predict disease relapse using the Ig profile of coated bacteria since
no pattern was found within the groups to enable the distinction between patients whose disease
will turn active and patients that will remain in remission.

The decrease of IgG4 found in the patient-specific analysis is opposite to the increase found
in the 1gG4 bacteria coating profile which supports the idea that antibody coating is patient-specific

and, consequently, CD treatment should be patient-specific as well.

A correlation analysis showed several correlations between the antibodies however, the
correlations were ambiguous because the ones observed for quantitative data differ from the
relative data. When taking into account the relative ratio of the total IgG coating, an inverse
correlation is seen between both 1gG1- and IgG4-coating, and 1gG2- and IgG4-coating in CD
patients. The negative correlation between IgG1 and 1gG4 is supported by the fact that Treg cells,
associated to 1gG4 production, are capable to inhibit Th2 responses, linked to IgG1. In addition,
Treg cells can also inhibit Thl responses which are linked to 1gG2 production and may explain
the inverse correlation found between 1gG4 and 1gG2.

The differences between the results collect by quantitative data and relative data enhance the
fact that knowing the actual amount of bacteria coating by a specific antibody may change
completely the conclusion taken from the results. The relative data may give a general idea of the
coating profile but do not take into account the amount of microorganism present in the sample
that is known to be different in healthy individuals and CD patients®2. For this reason, it should

always be considered the amount of bacteria in the faecal samples.
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Overall, the profile of IgA and IgG subclass-coated bacteria are not optimal to distinguish
between healthy individuals and CD patients. Furthermore, the profile is also not able to
differentiate patients in remission and patients in active disease and cannot be use to predict

disease relapses, since only small, insignificant, differences were observed.

The profile of double bacteria coating revealed that the levels of bacteria coating by all pairs
are similar in healthy individuals in CD patients and it was observed that the percentage of
patients that have bacteria coated by two antibodies is very low comparing to the percentage
coated by only a specific antibody. In line to what was found for the profile of single antibodies
coating, the double coating is patient-specific. The results showed that the combined use of two

antibodies do not allow the differentiation between healthy individuals and CD patients.

Currently, several disease markers are used to distinguish healthy individuals from CD
patients and specifically, distinguishing remission and active disease patients. Since it is
suggested that CD is related with a decrease level of IgG2 and an increase level of IgA and 1gG4,
it was expected that these antibodies show correlations with the used disease markers. The
results obtained from quantitative data, relative data and their ratio are, once more, not consistent.

The higher the value of HBI, the strongest is the disease thus, it was expected that HBI was
positively correlated with 1gG4 and IgA and negatively correlated with 1gG2, especially in the
patients with active disease. Regarding 1gG2, no correlation was found. In general, in remission
patients, HBI is observed to be negatively correlated with the amount of bacteria/g faces and the
amount of IgG4 coating and positively correlated with the percentage of IgA coating. In patients
with exacerbating disease, HBI and IgG1-coated bacteria are significantly negatively correlated.
Besides, it appears that HBI, in active disease, is positively correlated with IgA coating and
negatively correlated with IgG4-coated bacteria/g faeces. Overall, the positive correlations found
between HBI and IgA meet the expectations whereas the correlations found for IgG4 are the
opposite of what was expected. Although the negative correlation found was not in agreement
with the previous results showed in this study it actually makes sense since lower levels of 1IgG4
are indicative of a lower regulatory response which occurs when disease is more severe. Overall,
HBI do not appear to be a good marker to distinguish the state of CD patients since it showed
ambiguous correlations. Similarly, Falvey et al. reported that HBI was not able to distinguish active
from inactive Crohn’s disease!®. It is important to notice that HBI is a subjective measure since
takes into account the patient’s reports.

For C-reactive protein, are only found correlations for the first visit, where all the patients were
in remission. CRP is negatively correlated with the amount of IgA and IgG1 coating, and the IgG1
relative ratio of total IgG. On the other hand, it was found a positive correlation between CRP and
the 1gG4 relative ratio of total 1gG. Considering that higher CRP values correlate with worse
disease activity, the correlations found for 1gG4 is in accordance to what was expected. No
explanation was found for the other correlations but it should be noted that CRP is not specific for

intestinal inflammation thus, the correlation found in remission patients could be related to an
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extraintestinal inflammations that are measured by this biomarker. In addition, Falvey et al.
reported that C-reactive proteins was good to predict active disease but not to characterise
remission disease, although in the present study no correlation was found for active disease!®s,
Furthermore, Vermeire et al. found that one third of CD patients that had normal CRP were
actually with active disease and one third had raised CRP but clinically inactive disease, which
explains the low specificity of CRP for CD.

Faecal Calprotectin showed to be positively correlated with the amount of IgA coating in CD
patients. The positive correlation is in accordance with what was expected since it was observed
that IgA was increased in active disease and higher values of faecal calprotectin are associated
with increased severity disease. Although no significant correlations were found between FC and
1gG2, it was observed that IgG2 positively correlates with FC, both in remission and active disease
which is in agreement with the studies that correlated CD with an increase of the level of
1gG2174.175.180  |n addition, the low number of correlations found between FC and the Ilg amounts
are in accordance with Harmsen et al., who reported that the amount of IgG coating was not
correlated with calprotectin levels and that could mean that patients had a gut with an impaired
barrier function'”. Furthermore, although FC is a better marker for mucosal inflammation than,
for example CRP, it shows limit sensitivity for the proximal colon and small bowel 84,

Correlations for the last disease marker, Bristol Stool Scale, illustrate the importance and
sensitivity of this biomarker to CD since several correlations were found. In all the groups, it was
observed that BS is negatively correlated to IgG4 and to the amount of bacteria coated. Since
higher classification in BS means faeces with more liquid, thus less faecal content it makes sense
that the amount of bacteria shows a decrease with BS. The correlation found for IgG4 may be, as
previously mentioned, due to lower regulatory response that is reported to be associated to CD.
On the other hand, active disease shows to be positively correlated with IgG2 which, once again,
is in agreement with the reports that associate CD to a IgG2 increase!’4175180_ The correlations
found for IgA are ambiguous but for active disease it is observed a positive correlation between
the percentage of bacteria coated by IgA and the BS which was expected since active disease
showed to be related with an IgA increase.

A further detailed study of the Ig profile when patients are divided in two groups, accordingly
with BS values (G1: patients classified with 3, 4 and 4 in BS and G2: classification of 6 or 7),
shows that the bacteria number is higher in G1 comparing to G2. Once again, this result is
expected since G2 is comprised of samples with higher content of liquid thus less faecal content
and less bacteria. In this study the profile of Ig coating was studied separately in samples from
visit 1 and visit 2. It was observed that in visit 1, the profile of Ig coating in the two groups is
relatively equal which was expected since at that time all the patients were in remission. An
exception is found for IgG4 coating where a significant decrease is observed between the median
level of G1 and G2. The decrease is observed both in visit 1 and visit 2 thus, it is reasonable to
assume that CD is associated with a decreased IgG4 level since both patients with active disease
and in remission display this decrease. By contrast, in visit 2, where 34 patients remained in

remission and 19 had active disease, only IgG1 and IgG3 level were similar in the two groups. In
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addition, the amount of IgG2 coating was increased in G2 comparing to G1 which, again, may
reveal the possible relation between the level of IgG2 and Crohn’s Disease.

Collectively, in contrast with the previous findings, the correlations found between the used
disease markers and Ig levels indicate that CD is associated to increased levels of 1IgG2 and
decreased levels of 1IgGA4.

Regarding disease phenotype, it was found that a penetrating behaviour display increased
levels of IgG2. On the other hand, a stricturing behaviour is associated to an increased level of
IgG4-coated bacteria. Stricturing involves excessive scar formation and may result in higher
transit time, since IgG4 is thought to mediate, to a certain level, transepithelial transport, it can be
hypothesised that the strictures do need higher amount of 1IgG4 to help in the food passage.
Finally, it is observed that more aggressive disease, when it comes to complications, implies lower
amount of bacteria which once more shows that CD patients are characterized by a reduced
amount of microorganisms.

The colon appears to be the most distinctive location since it is observed an increased level
of IgA-, IgG2-, 1IgG3 and IgG4-coated bacteria. It is known that the mucosal immune system
interacts more with the small intestine which could mean that patients that had disease in the
ileum or in both in ileum and colon would present a higher amount of IgG2 than patients whose
disease only affect the colon, which is not the case. However, it was found that the colon is the
region showing higher level of bacteria which can be related to the fact that, as well known, colon
is the intestine’s region with higher population of microorganism. Although, the results are not
consistent between remission and active patients, the results show, once more, that CD may be
related to an increase of IgA, 1gG2 and IgG4. It must be noted that only one patient presented
disease in colon, ileum and upper gastrointestinal tract and the same happen for ileum and upper
gastrointestinal tract.

A risk factor associated to Crohn’s disease is the age at diagnosis however, no association
was found to the antibodies profile. The profile of Ig coating does not significantly change with the
different classes of age. It must be noted that only two patients were diagnosed before 16 years
old.

For smoking history, it is observed an increased in both IgA- and lgG2-coating and a
decreased in IgG1, IgG4-coating, and in the number of bacteria/g faeces, although no significant
associations were found. Based on the knowledge that smoking is a risk factor for CD and
considered that previously it was shown that increased IgA and IgG2 as well a decrease level of
IgG4 were related to the disease, it may confirm the importance of smoking history for CD
patients. However, it is important to note that the increased level of 1IgG2 is based in only one
patient.

Finally, it was examined whether an association could be found to patient’s gender although
CD is considered to be no sex-specific. It was observed that Females and Males display different
profiles of Ig coating although that is contrary to studies that reported that IgA and IgG profiles
was the samel®, Therefore, it is shown that Females are associated with higher amounts of IgG2

whereas Males have higher levels of IgA- and IgG4-coated bacteria. In line with that, French et
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al. reported that males presented higher concentration of IgG4 in serum samples than woman??7,
Studies comparing the antibodies concentrations in faecal samples of men and women were not
found.

Finally, it should be noted that the Ig profiles were rather similar in healthy individuals and CD
patients not only when patients were divided accordingly to their disease state, but also when
were divided into phenotypes, location, age at diagnosis, smoking history and gender. The similar
profiles must be related to the use of medicines since all the patients were taking drugs at the
time of sample collection or at least had taken previously to that thus the CD patients were
showing the same profile than the controls. Although it is known the specific medicines that each
patients was taking, it was not possible to analyse the implication of those drugs in the Ig profiles
once it is not possible to determine what drug affects what, particularly because most of the
patients were taking more than one at the time. In agreement to that, several studies156:182.186
reported that antibiotics, thiopurines and anti-TNF, some of the medicines used in CD patients,
affect the gut microbial composition and diversity which has implication on the Ig profile. In future
work, is crucial to use samples of CD patients that were not in treatment and, in addition, to do a
longitudinal study of those patients i.e., study the alterations that are found in the Ig Profile when
patients start treatment.

Furthermore, it must be noted that in the present work, there was a lack of patients that
displayed the same characteristics which led to biased results. The following topics are a
summary of the limitations of the previous study as well as suggestion that should be used in
future studies, so that a more comprehensive view of the profile of bacteria coating by
Immunoglobulins in Crohn’s disease could be obtained:

e Have samples of patients that were never treated, samples of before and after the
treatment; samples of patients that were taking only one type of medicine instead of a
mix of medicines to understand the role of each medicine;

e Have a higher number of controls; equal numbers of female and male patients; equal
numbers of patients diagnosed: at Al; A2 and A3; with B1; B2 and B3; and with disease
in L1; L2; L3; L3&L4 and L1&L4; same number of patients that never smoked; were
smokers or are smokers; and equal number of patients that remained in remission and
patients whose disease change to active state and follow the time that patients remain in

remission.

The present study, demonstrate that the profile of bacteria coating by IgA and 1gG subclasses
do not provide a tool do distinction healthy individuals from CD patients. Furthermore, the profile
is not optimal to distinguish the state of the disease and/or a possible relapse. However, the
results show that Crohn’s disease may be associated with an increased IgA, 1gG2 and IgG4
although the results are ambiguous. Some of the results showed an increase of IgG2 and a
decrease in 1IgG4 in CD patients whereas, other results show the opposite. Thus, it is reasonable
to believe that those antibodies are related to Crohn’s disease and that future work should be
focused in those subclasses. The treatment of the patients appears to influence the results thus,

future studies should consider the use of non-treated patients.
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A. Materials and Methods
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Figure 28. Applied gating strategy to all the unstained samples.

The gates were placed so that began in region not coated by bacteria. The first gate to be placed is the DAPI+ that is an indicative of viable
bacteria, followed by the Dump gate that allows noise removal. Lastly, the gates considered IgA; IgG1; 1gG2; IgG3 and IgG4. The gate
placed in the upper corner is related to double coated data. Gating was conducted in FlowJo
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Figure 29. Applied gating strategy to all the stained samples.

The gates were placed so that began in region not coated by bacteria. The first gate to be places is the DAPI+ that is an indicative of
viable bacteria, followed by the Dump gate that allows a lot of noise removal. Lastly, the gates considered IgA; IgG1; 1I9G2; IgG3 and
IgG4 are placed. The gate placed in the upper corner is related to double coated data. Gating was conducted in FlowJo

74



B.

sample ID

Moooz2
Moooz2
mMooa7
mMooa7
Moo14
Moo14
Mo015
Mo015
Mo017
Mo017
Mo019
Mo019
Mooz22
Mooz22
Mo023
Mo023
Mo025
Mo025
M0031
M0031
Mo044
Mo044
Moos52
Moos52
MO053
MO053
MO056
MO056
Moo73
Moo73
MOO76
MOO76
Mooa2
Mooa7
Mooa7
Mooa1
Mooa1
o099
o099
Mo101
Mo101
Mo109
Mo109
MO110
MO110
Mo114
Mo114
Mo118
Mo118
Mo123
Mo123
Mo129
Mo129

Patient information

Visit
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Status

remission_
remission_
remission_
remission_
remission_
remission_
remission_
remission_
remission_
remission_
remission_
remission_
remission_
active

remission_
remission_
remission_
remission_
remission_
active

remission_
remission_
remission_
remission_
remission_
remission_
remission_
active

remission_
remission_
remission_
remission_
remission_
remission_
active

remission_
remission_
remission_
active

remission_
remission_
remission_
remission_
remission_
remission_
remission_
active

remission_
active

remission_
remission_
remission_

active

Group

RR
RR
RR
RR
RR
RR
RR
RR
RR
RR
RR
RR
RA
RA
RR
RR
RR
RR
RA
RA
RR
RR
RR
RR
RR
RR
RA
RA
RR
RR
RR
RR
RA
RA
RA
RR
RR
RA
RA
RR
RR
RR
RR
RR
RR
RA
RA
RA
RA
RR
RR
RA
RA

Gender

Age (visit} Age (diagnosis)

36
36
63
64
61
61
45
45
56
56
67
67
68
68
34
34
23
23
37
37
43
43
39
40
39
a9
52
52
49
50
a9
40
50
65
66
53
54
33
33
22
22
45
45
40
4
50
50
29
29
54
54
a8
39
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Localization

L1
L1
L3
L3
L1
L1
L3
L3
L1
L1
L3
L3
L1
L1
L3+L4
L3+L4
L3
L3
L1
L1
L3
L3
L3
L3
L3
L3
L1
L1
L1
L1
L1
L1
L2
L2
L2
L2
L2
L2
L2
L1
L1
L1
L1
L2
L2
L2
L2
L3
L3
L3
L3
L3
L3

Phenotype

B1
B1
B2
B2
B3
B3
B2
B2
B2
B2
B1
B1
B2
B2
B1
B1
B1
B1
B1
B1
B1
B1
B1
B1
B1
B1
B1
B1
B1
B1
B1
B1
B2
B1
B1
B1
B1
B3
B3
B1
B1
B1
B1
B2
B2
B3
B3
B2
B2
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B2

HBI
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CRP
(mgiL}

24
0.9
46
35
47
15
10
11
09
14
27
09
14
46
24
11

1
09
54
98
13
09
44
14
46
36
35
09
15

1
09
43
18

1
17
29
28
36
12
25
32
22
45
11
14

Calprotectin {ugig)

15
14
Y]
49
14
14
34
45
27
22
43
14
98
315
54
85
63
29
70
315
46
14
71
51
14
14
44
241
14
14
57
98
T4
51
576
14
14
29
236
14
14
42
T4
14
14
40
219
45
1023
46
a7
15
192

Smoking

ex

ex

ex

ex

ex

ex

ex

ex
never
never
ex

ex
never
never
ex

ex
never
never
never
never
never
never
current
current
never
never
ex

ex
current
current
ex

ex

ex

ex

ex

ex

ex
current
current
current
current
current
current
ex

ex

ex

ex

ex

ex
current
current
ex

ex

BS
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surgery

none

none

hemicolectomy

hemicolectomy
ileocoecaa
ileocoecaa

none

none
ileocoecaa
ileocoecaa

none

none
ileocoecaa
ileocoecaa

none

none

none

none

none

none

rectum-+sigmoid

rectum-+sigmoid

none

none

none

none

none

none

none

none

none

none

none

none

none

colon

colon

colon

colon

none

none

none

none

none

none

none

none

none

none

hemicolectomy

hemicolectomy

none

none

Mesalazines

Thiopurines

Biologicals

Yes
Yes
MNo
MNo
MNo
MNo
MNo
MNo
MNo
Yes
Yes
Yes
Yes
Yes
MNo
MNo
Yes
Yes
MNo
Yes
MNo
MNo
Yes
MNo
Yes
Yes
MNo
MNo
Yes
Yes
Yes
Yes
Yes
MNo
MNo
MNo
MNo
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
No
No
No
No

Prednison

Antibiotic

MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
MNo
No
No
No
No
No
No
No
No
No
No

PPI

Yes
Yes
No
No
No
No
Yes
Yes
No
No
Yes
Yes
Yes
Yes
Yes
Yes
No
No
No
No
Yes
Yes
Yes
Yes
No
Mo
Yes
Yes
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Yes
Yes
Mo
Mo

Mo
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SamplelD  Visit

M0130
M0130
M0131
M0131
M0137
M0137
M0138
M0138
M0139
M0139
M0142
0142
M0143
0143
M0150
M0150

MO151MSC
MO151MEC

M0159
M0159
M0163
M0163
0164
MO164
MO165
M0165
M0169
M0169
Mo171
M0171
M0179
M0179
M0185
M0185
Mozo2
0202
Mo211
Mo211
M0232
10232
Moz238
M0238
0253
M0253
0254
M0254
M0270
M0270
Moz89
M0289
M1796
M1796
M2728
M2728
M0109
M0110
M0110
M0114
M0114.
Mo118
Mo118
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10123
Mo129
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Status

remission_
remission_
remission_
remission_
remission_
remission_
remission_
remission_
remission_
remission_
remission_
remission_
remission_
remission_
remission_
active

remission_
active

remission_
active

remission_
active

remission_
remission_
remission_
active

remission_
remission_
remission_
active

remission_
remission_
remission_
remission_
remission_
active

remission_
remission_
remission_
remission_
remission_
remission_
remission_
remission_
remission_
active

remission_
active

remission_
remission_
remission_
active

remission_
active

remission_
remission_
remission_
remission_
active

remission_
active

remission_
remission_
remission_
active

Group

RA
RA
RA
RA
RR
RR
RA
RA

Gender

Age (visit) Age (diagnosis)

57
58
23
23
28
29
43
43
59
80
41
42
5
36
42
43
&7
57
22
23
53
53
53
54
58
59
49
49
29
29
41
44
52
52
21
21
3
32
3
kR
a3
23
53
53
19
20
62
52
17
17
27
27
24
24
45
40
41
50
50
29
29
54
54
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Localization

L3
L3
L1
L1
L1
L1
L1
L1
L1
L1
L3
L3
L2
L2
L3
L3
L1
L1
L3
L3
L3
L3
L1
L1
L3
L3
L3
L3
L1+L4
Li+L4
L3
L3
L2
L2
L3
L3
L2
L2
L2
L2
L2
L2
L2
L2
L1
L1
L2
L2
L3
L3
L2
L2
L2
L2
L1
L2
L2
L2
L2
L3
L3
L3
L3
L3

L3

Phenotype

B1
B1
B1
B1
B1
B1
B3
B3
B1
B1
B1
B1
B1
B1
B3
B3
B1
B1
B1
B1
B1
B1
B1
B1
B3
B3
B2
B2
B2
B2
B1
B1
B2
B2
B1
B1
B1
B1
B3
B3
B1
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HBI
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CRP
(mgiL)

35
37
0.9
09
17
0.9
72
32
17
26
14
16
36
38
72

5

7
13

3

2
15
35
42
28

Calprotectin (pgig)

14
14
1
14
75
38
14
14
51
23
a4
14
14
14
3

226
29
191
78
281
91
877
15
14
88
122
14
1
91
289
14
14
33
14
14
126
18
14
14
24
26
70
14
14
39
219
35
449
14
43
76
335
1
200
74
14
14
40
219
45

1023
45
37
15

192

Smoking

ex
ex
current
current
never
never
current
current
ex

ex
never
never
never
never
current
current
ex

ex
never
never
ex

ex

ex

ex

ex

ex

ex
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never
never
never
ex

ex
never
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ex

ex

ex

ex
never
never
never
never
never
never
never
never
never
never
current
ex

ex

ex

ex

ex

ex
current
current
ex

ex

BS

surgery

hemicolectomy
hemicolectomy
none
nane
none
none
none
none
none
none
none
nane
none
none
nane
none
none
nane
none
none
none
none
nane
none
ileocoecaa
ileocoecaal

sigmoid
sigmaoid
colon
colon
none
none
none
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none
none
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none
none
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none
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none
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hemicolectomy
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Mesalazines
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Mo
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Mo
No
Mo
Mo
No
Mo
Mo
MNo
Mo
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No
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Mo
Mo
No
Mo
Mo
No
Mo
Mo
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Mo
No
Mo
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No
No
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Mo
Mo
No
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Mo
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Mo
No
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No
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Mo
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Yes
Mo

Mo

Thiopurines
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Mo
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No
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No
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No
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No
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Mo
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Yes
Yes
Yes
Yes
No
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Mo
No
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Mo
Yes
Yes
Yes
Yes
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No
MNo
Mo
Yes
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No
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Yes

Mo

Biologicals

Mo
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Yes
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Mo
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CD patients with only one sample

Sample ID Status Group

M004855
MO055
MO063
MO0208
MO0359
M1674
MO0251
MO0262

Control group information

SamplelD
1011-2
1027-2
1028-2
1030-2
1033-3
1037-3
1039-2
1041-3
1051-2
1064-2
1070-3
1073-6
1075-3
1089-5
1092-3
1093-2
1098-2
1099-2
1102-3
1104-2

active
active
active
active
active
active
active

active

Group
Control
Control
Control
Control
Control
Control
Control
Control
Control
Control
Control
Control
Control
Control
Control
Control
Control
Control
Control
Control

CcD
CcD
CcD
CcD
CcD
CcD
CcD
CcD

Gender

Gender
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Age

43
23
41
22
25
68
55
30

r
36

27
60
66
23
69
41
26
32
23
57
49

Age (visit)

58
68
40
51
30
27
19
24

BS

Age

(diagnosis)
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Localization

L3
L3
L2
L2
L1
L2
L1

Phenotype

B2
B1
B1
B1
B2
B1
B1

HBI

—
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CRP Calprotectin

(mglL)
"
16
2.1
7.1
19
50
53
113

(ng/g)
673
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786
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1545
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C. Profile of Bacteria-Coating by IgA and IgG Subclasses in Control and

CD Patients

Bacteria/g faeces

1010

Bacteria/g faeces

Bacteria/g faeces

Bacterialg faeces

101

Figure 30. Profile of bacteria coating by IgA and IgG subclasses in the populations studied.

The amount of I1gA; IgG1; 1gG2; IgG3; and IgG4/g faeces in Control (20 healthy individuals), in CD
Patients in remission on the first sampling time (Remission (T1), 54 patients); in CD Patients with
disease in a state of remission (Remission (T2), 34 patients) and with active disease (Active (T2), 19
patients), on the second-time point (T2). Indicated is median * range. Statistical analyses and graphic
presentation were conducted in GraphPad Prism 5 and 7.

Table 2. Summary of the patients that present 0 % of a specific antibody coating or presented elevated values of
bacteria coated for a specific antibody.

78

0 % of IgX-coated bacteria

X Patient ID

M0109
19G2 | M0130
M0289
1089-5
1033-3
M0052
MO0110
M0179
M0185
19G3 | M0238
M0017
M0289
M0142
M0007
M0270
M0150

Group

Remission (T1)

Control

Remission (T1)

Remission (T2)

Active (T2)

High % of IgX-coated bacteria

lgG2 | M0137

Remission(T1)

Age of Diagnosis

A2
A3
A2

A2
A2
A3
A3
A2
A2
A2
A2
A2
A2
A3

A2

Location
L1
L3
L3

L3
L2
L3
L2
L2
L1
L3
L3
L3
L2
L3

L1

Phenotype
Bl
B1
Bl

Bl
B2
Bl
B2
B1
B2
B1
B1
B2
B1
B3

Bl

Smoking
Current
Ex

Never

Current
Ex
Never
Ex

Ex
Never
Never
Never
Ex
Never

Current

Never



M0137 Remission (T2) A2 L1 Bl | Never

M0359 A2 L2 Bl | -
M0099 Active (T2) A2 L2 B3 | Current
lgG3 | M0159 Remission (T1) A2 L3 B1 | Never
lgG4 | M0185 Remission (T2) A3 L2 B2 | Ex
M0073 Remission (T1) A2 L1 B1 | Current
A MO0110 Remission (T2) A2 L2 B2 | Ex
MO0087 Active (T2) A2 L2 Bl | Ex
MO0055 Active (T2) A3 L3 B1 | -

Table 3. Quantitative data regarding the median, minimum and maximum levels of bacteria coated by all the antibodies

The table is divided into four groups where Remission (T1) includes 54 patients in a state of remission in visit 1; Remission (T2) includes the patients whose
disease remained in remission in visit 2 (34 patients) and Active (T2) the patients that have entered an active state (19 patients). Control group is composed by
20 healthy individuals.

Control Remission (T1) Remission (T2) Active (T2)

Median Minimum  Maximum  Median Minimum  Maximum  Median Minimum  Maximum  Median Minimum  Maximum
IgA-coated 6.17E+08 = 1.92E+07 @ 3.26E+09 6.11E+08 1.08E+06 @ 2.25E+09 8.38E+08 @ 3.39E+06 = 3.36E+09 6.50E+08 1.56E+08 = 3.00E+09
bacteria/g
faeces
IgG1-coated 8.40E+07 @ 8.82E+06 @ 2.66E+08 4.62E+07 476112 3.24E+08 5.48E+07 @ 1.56E+06 @ 5.37E+08 6.76E+07 = 1.13E+07  3.36E+08
bacteria/g
faeces
1gG2-coated 2.28E+06 = 35563 2.80E+07 = 794023 0 3.79E+08  1.24E+06 O 1.44E+09  2.09E+06 & 88251 6.66E+08
bacteria/g
faeces
1gG3-coated 1.45E+06 O 8.44E+06 516118 0 1.38E+08 739844 0 2.04E+07 511014 0 1.63E+08
bacteria/g
faeces
1gG4-coated 1.17E+08  1.38E+07  6.40E+08 8.95E+07 1.13E+06  5.23E+08 7.92E+07 523639 1.49E+09 1.17E+08 @ 6.37E+06 = 4.90E+08
bacteria/g
faeces

Table 4.Relative data regarding the median, minimum and maximum levels of bacteria coated by all the antibodies

The table is divided into four groups where Remission (T1) includes all patients in a state of remission in visit 1; Remission (T2) includes the patients whose
disease remained in remission in visit 2 (34 patients) and Active (T2) the patients that have entered an active state (19 patients). Control group is composed by
20 healthy individuals.

Control Remission (T1) Remission (T2) Active (T2)
Median =~ Minimum Maximum Median =~ Minimum Maximum Median = Minimum Maximum Median =~ Minimum Maximum
IgA-coated 3.746 0.222 19.5 5.168 0.015 34.92 6.891 0.03 35.84 5.689 0.638 19.73
bacteria/g
faeces
IgGl-coated = 0.622 0.057 2.228 0.453 0.113 5.116 0.5125 0.097 2131 0.527 0.087 3.863
bacteria/g
faeces
IgG2-coated = 0.012 0.001 0.118 0.0085 0 7.23 0.012 0 20.87 0.015 0.001 30.81
bacteria/g
faeces
IgG3-coated = 0.008 0 0.116 0.0055 0 0.823 0.0055 0 0.164 0.004 0 0.669
bacteria/g
faeces
IgG4-coated = 0.742 0.056 4.95 0.9405 0.086 3.741 0.7155 0.021 4.772 1.037 0.095 2.968
bacteria/g
faeces
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Table 5. Data concerning the median, minimum and maximum values of relative ratio of total IgG bacteria coating by the four IgG subclasses.

The table is divided into four groups where Remission (T1) includes 54 patients in a state of remission in visit 1; Remission (T2) includes the patients whose
disease remained in remission in visit 2 (34 patients) and Active (T2) the patients that have entered an active state (19 patients). Control group is composed by

20 healthy individuals.

lgG1-coated
bacteria/g
faeces
1gG2-coated
bacteria/g
faeces
1gG3-coated
bacteria/g
faeces
1gG4-coated
bacteria/g
faeces

Median

28.01

0.7125

0.6452

69.84

Control

Minimum

7.64

0.05376

8.676

Remission (T1) Remission (T2)
Maximum Median ~ Minimum  Maximum Median ~ Minimum Maximum
85.62 31.6 8.015 89.31 34.33 2211 98.9
8.392 0.635 0 77.55 0.7402 0 90.47
11.23 0.394 0 33.83 0.3716 0 24.86
89.2 54.22 10.25 87.72 51.75 1.074 88.07

Median

29.29

0.5655

0.1457

61.78

Active (T2)

Minimum

8.242

0.02771

5.894

Maximum

71.18

85.59

24.79

86.71

D. Profile of Bacteria Double-Coating by IgA and IgG Subclasses in Controls and CD Patients
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Figure 31.Correlations between the quantitative amounts of bacteria coated by
the pairs of antibodies.
Heat map presenting correlation coefficients between the level of bacteria coated by
specific pair of antibodies. Negative correlation coefficients (grey) represent invers
associations between the parameters, whereas positive correlation coefficients (blue)

represent positive associations. Significant correlations are marked by asterisks. * P-
value < 0.05, ** Pvalue < 0.01, 0.0001<*** P-value < 0.001; ****P-value < 0.0001. A
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E. Disease Phenotype, Disease Location, Age at Diagnosis, Smoking
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Figure 32. The profile of the quantitative amount of bacteria-coating by IgA and IgG subclasses in patients
grouped according to their disease phenotype.

Data is represented as IgA and 1gG subclass-coating and/or amount of bacteria/g faeces in every category of disease
phenotype. B1 category represents a non-stricturing, non-penetrating phenotype, B2 represents a stricturing phenotype,
and B3 a penetrating phenotype where fistulas, perianal ulcers and/or abscesses occur. The plots are divided into three
groups where Remission (T1) includes all patients in a state of remission in visit 1; Remission (T2) includes the patients
whose disease remained in remission in visit 2 and Active (T2) the patients that have entered a state of active disease in
visit 2. For samples in which no bacteria are observed to be coated by a specific IgG subclass, the data point is set to 1
to enable the presentation of the results on a logarithmic axis. The significant finding is based on a Kruskal Wallis test. *
P-value < 0.05. Indicated is median * ranges. Data was obtained from GraphPad Prism 5.
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Figure 33. The profile of relative amount of bacteriacoating by IgA and IgG subclasses in patients grouped
according to their disease phenotype.

Data is represented as the relative amount of bacteria-coating by each antibody in every category of disease phenotype.
B1 category represents a non-stricturing, non-penetrating phenotype, B2 represents a stricturing phenotype, and B3 a
penetrating phenotype where fistulas, perianal ulcers and/or abscesses occur. The plots are divided into three groups
where Remission (T1) includes all patients in a state of remission in visit 1; Remission (T2) includes the patients whose
disease remained in remission in visit 2 and Active (T2) the patients that have entered a state of active disease in visit 2.
For samples in which no bacteria are observed to be coated by a specific IgG subclass, the data point is set to 1 to enable
the presentation of the results on a logarithmic axis. Indicated is median * ranges. Data was obtained from GraphPad
Prism 5.
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Table 6. Quantitative data regarding the median levels of bacteria coated by all the antibodies relative to disease
phenotype.

B1 category represents a non-stricturing, non-penetrating phenotype, B2 represents a stricturing phenotype, and B3 a
penetrating phenotype where fistulas, perianal ulcers and/or abscesses occur. The table is divided into three groups
where Remission (T1) includes 54 patients in a state of remission in visit 1; Remission (T2) includes the patients whose
disease remained in remission in visit 2 and Active (T2) the patients that have entered a state of active disease in visit 2.

Remission (T1) Remission (T2) Active (T2)
B1 B2 B3 B1 B2 B3 B1 B2 B3

Bacteria/g faeces 1.42E+ 1.26E+ 7.81E+ 1.42E+ 1.03E+ 7.18E+ 1.73E+ 1.25E+ 6.74E+

10 10 09 10 10 09 10 10 09
IgA-coated bacteria/g 6.17E+ 5.74E+ 5.26E+ 8.92E+ 7.69E+ 4.03E+ 8.57E+ 1.02E+ 6.01E+
faeces 08 08 08 08 08 o7 08 09 08
IlgG1-coated bacteria/g 4.87E+ 4.48E+ 2.25E+ 5.79E+ 3.12E+ 1.28E+ 6.70E+ 1.06E+ 5.07E+
faeces 07 07 07 07 07 07 07 08 07
IlgG2-coated bacteria/g 6.54E+ 1.02E+ 6.87E+ 1.32E+ 1.85E+ 1.90E+ 1.83E+ 2.98E+ 3.30E+
faeces 05 06 06 06 05 o7 06 06 07
IlgG3-coated bacteria/g 3.30E+ 1.67E+ 3.25E+ 7.00E+ 5.38E+ 1.04E+ 8.65E+ 3.52E+ 1.21E+
faeces 05 06 05 05 05 06 05 05 05
IlgG4-coated bacteria/g 8.87E+ 1.35E+ 5.11E+ 7.37E+ 1.27E+ 3.26E+ 1.60E+ 1.90E+ 3.52E+
faeces o7 08 07 07 08 o7 08 08 07

Table 7. Relative data regarding the median levels of bacteria coated by all the antibodies relative to disease
phenotype.

B1 category represents a non-stricturing, non-penetrating phenotype, B2 represents a stricturing phenotype, and B3 a
penetrating phenotype where fistulas, perianal ulcers and/or abscesses occur. The table is divided into three groups
where Remission (T1) includes 54 patients in a state of remission in visit 1; Remission (T2) includes the patients whose
disease remained in remission in visit 2 and Active (T2) the patients that have entered a state of active disease in visit 2.

Remission (T1) Remission (T2) Active (T2)
B1 B2 B3 B1 B2 B3 B1 B2 B3
% IgA coated bacteria 5271 2715 5.19 6.279 9.247 1541 5.022 49 11.12

% IgG1 coated bacteria  0.441 0.477 0.304 0538 0.291 0597 0.339 0.6905 0.799
% IgG2 coated bacteria  0.006 0.007 0.171 0.015 0.0045 0.265 0.008 0.0155 0.253
% IgG3 coated bacteria  0.003 0.013 0.013 0.005 0.0015 0.051 0.004 0.0025 0.007
% 1gG4 coated bacteria  1.001  0.781 0.7155 0.834 0.8075 0.398 1.251 0.9005 0.596
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2. Location
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Figure 34. The profile of quantitative amount of bacteria-coating by IgA and IgG subclasses in patients grouped
according to their disease location.

Data is represented as the quantitative amount of bacteria-coating by each antibody in every category of disease location.
Disease location was divided in four categories that include ileum (L1), colon (L2), ileum and colon (L3), and the upper
gastrointestinal tract (L4) which covers disease from the mouth to ileum. Patients presenting disease in ileum and
gastrointestinal tract and in ileum, colon and gastrointestinal tract, were allocated to L1 & L4 and L3 and L4, respectively.
The plots are divided into three groups where Remission (T1) includes all patients in a state of remission in visit 1;
Remission (T2) includes the patients whose disease remained in remission in visit 2 and Active (T2) the patients that have
entered a state of active disease in visit 2. For samples in which no bacteria are observed to be coated by a specific IgG
subclass, the data point is set to 1 to enable the presentation of the results on a logarithmic axis. The significant finding
is based on a one-way ANOVA test. * P-value < 0.05. . Indicated is median + ranges. Data was obtained from GraphPad
Prism 5.
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Figure 35. The profile of relative amount of bacteria-coating by IgA and IgG subclasses in patients grouped according to
their disease location.

Data is represented as the relative amount of bacteria-coating by each antibody in every category of disease location. Disease location
was divided in four categories that include ileum (L1), colon (L2), ileum and colon (L3), and the upper gastrointestinal tract (L4) which
covers disease from the mouth to ileum. Patients presenting disease in ileum and gastrointestinal tract and in ileum, colon and
gastrointestinal tract, were allocated to L1 & L4 and L3 and L4, respectively. The plots are divided into three groups where Remission
(T1) includes all patients in a state of remission in visit 1; Remission (T2) includes the patients whose disease remained in remission
in visit 2 and Active (T2) the patients that have entered a state of active disease in visit 2. . Indicated is median * ranges. Data was
obtained from GraphPad Prism 5.
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Table 8. Quantitative data regarding the median levels of bacteria coated by all the antibodies relative to disease
location.

Disease location was divided in four categories that include ileum (L1), colon (L2), ileum and colon (L3), and the upper
gastrointestinal tract (L4) which covers disease from the mouth to ileum. The table is divided into three groups where
Remission (T1) includes 54 patients in a state of remission in visit 1; Remission (T2) includes the patients whose disease
remained in remission in visit 2 and Active (T2) the patients that have entered a state of active disease in visit 2.

Remission (T1) Remission (T2) Active (T2)
L1 L2 L3 L1& L3& L1 L2 L3 L3 & L1 L2 L3 L1 &
L4 L4 L4 L4

Total 1.10 148 104 302 794 122 257 584 142 142 161 173 282
bacteria/g E+1 E+1 E+1 E+1 E+0 E+1 E+1 E+0 E+1 E+1 E+1 E+1 E+1
faeces 0 0 0 0 9 0 0 9 0 0 0 0 0
IgA coated 6.17 823 483 574 452 149 912 498 430 507 110 6.01 140
bacteria/g E+0 E+O E+O0O E+0 E+0 E+O0O E+0 E+O0 E+0O E+0 E+0 E+0 E+0
faeces 8 8 8 8 8 9 8 8 8 8 9 8 9
1gG1 coated 481 476 439 157 131 491 121 441 254 581 437 7.16 2.58
bacteria/g E+0 E+O E+0O E+0 E+0 E+O0O E+0 E+0 E+0O E+0 E+0 E+0 E+0
faeces 7 7 7 8 7 7 8 7 7 7 7 7 8
IlgG2coated 450 102 131 594 800 246 363 592 404 182 119 398 209
bacteria/g E+0 E+O E+O0 E+0 E+0 E+O0O E+0 E+O0 E+O0O E+0 E+0 E+0 E+0
faeces 5 6 6 5 4 6 6 5 6 6 7 6 6
1gG3 coated 456 167 3.60 6.44 128 957 693 355 129 511 865 432 233
bacteria/g E+0 E+O E+O0 E+0 E+0 E+O0O E+0 E+O0 E+O0O E+0 E+0 E+0 E+0
faeces 5 6 5 5 5 5 5 5 6 5 5 5 5
1gG4 coated 6.05 118 895 360 101 750 303 330 256 215 1.09 590 292
bacteria/g E+0 E+O E+0O E+0 E+0 E+O0O E+0 E+0 E+0O E+0 E+0 E+0 E+0
faeces 7 8 7 8 7 7 8 7 7 8 8 7 8

Table 9. Relative data regarding the median levels of bacteria coated by all the antibodies relative to disease
location.

Disease location was divided in four categories that include ileum (L1), colon (L2), ileum and colon (L3), and the upper
gastrointestinal tract (L4) which covers disease from the mouth to ileum. The table is divided into three groups where
Remission (T1) includes 54 patients in a state of remission in visit 1; Remission (T2) includes the patients whose disease
remained in remission in visit 2 and Active (T2) the patients that have entered a state of active disease in visit 2.

Remission (T1) Remission (T2) Active (T2)
L1 L2 L3 L1 & L3 & L1 L2 L3 L3 & L1 L2 L3 L1 &
L4 L4 L4 L4
% IgA coated 50 52 479 1904 5692 107 434 93  3.02 32 10, 56 | 4975
bacteria 64 71 3 2 5 94 37 89

%IgGlcoated 04 04 047 052 0.165 056 055 05 0178 02 02 05 00916
bacteria 18 34 95 3 15 95 | 31 45

% |gG2 coated 0.0 0.0 0.01 0.002 0.001 0.01 0.01 0.0 0.028 0.0 0.1 0.0 0.007
bacteria 06 04 8 4 05 1 08 19 29

% |gG3 coated 0.0 0.0 0.00 0.002 0.002 0.00 0.00 0.0 0.009 0.0 0.0 0.0 0.001
bacteria 04 2 4 6 3 06 04 07 02

%IgG4 coated 07 08 100 1192 0127 077 109 05 018 14 05 07 1037
bacteria 81 23 7 % 3 97 24 | 96 | 59
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3. Age at diagnosis
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Figure 36. The profile of quantitative amount of bacteria-coating by IgA and IgG subclasses when patients are

groups accordingly to their age at diagnosis.

Data is represented as IgA and IgG subclass-coating and/or amount of bacteria/g faeces accordingly to patients age at
diagnosis. Al represent patient that were diagnosed before the age of 16 years, A2 to refers to patients diagnosed in the
age of 1740 years, and A3 to patients diagnosed after the age of 40 years. The plots are divided into three groups where
Remission (T1) includes all patients in a state of remission in visit 1; Remission (T2) includes the patients whose disease
remained in remission in visit 2 and Active (T2) the patients that have entered a state of active disease in visit 2. For
samples in which no bacteria are observed to be coated by a specific IgG subclass, the data point is set to 1 to enable
the presentation of the results on a logarithmic axis. Indicated is median + ranges. Data was obtained from GraphPad

Prism 5.

87



40

304

20

% IgA coated bacteria

n [-2]
1 ]
|
1
=) B
fom Yom o N )
| —
—
—

B
1

Il

1

% IgG1 coated bacteria
- N w
1 1 1
0 I-'—O
e
% 19G2 coated bacteria
o N E-N [
1 L L A 1 i 1
gt |—|
|
|
]

ol

]

‘7
o

A
A
o

-
o
1
(s ]
1

o
o
1
i
[l

(=]
o
1

% lgG3 coated bacteria
¢ e ¢ c
-y
']
% lgG4 coated bacteria
w
1

)
1

(=]
N
1
-
1

|
=
-

O A A

Figure 37. The profile of relative amount of bacteria-coating by IgA and IgG subclasses when patients are groups
accordingly to their age at diagnosis.

Data is represented as the relative amount of bacteria-coating by each antibody according to patients age at diagnosis.
Al represent patient that were diagnosed before the age of 16 years, A2 to refers to patients diagnosed in the age of 17 -
40 years, and A3 to patients diagnosed after the age of 40 years. The plots are divided into three groups where Remission
(T1) includes all patients in a state of remission in visit 1; Remission (T2) includes the patients whose disease remained
in remission in visit 2 and Active (T2) the patients that have entered a state of active disease in visit 2. The significant find
is based in an Unpaired T-teste. 0.01<*P-value<0.05. Indicated is median + ranges. Data was obtained from GraphPad
Prism 5.
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Table 10. Quantitative data regarding the median levels of bacteria coated by all the antibodies relative to patient
age at diagnosis.

Al represent patient that were diagnosed before the age of 16 years, A2 to refers to patients diagnosed in the age of 17-
40 years, and A3 to patients diagnosed after the age of 40 years. The table is divided into three groups where Remission
(T1) includes 54 patients in a state of remission in visit 1; Remission (T2) includes the patients whose disease remained
in remission in visit 2 and Active (T2) the patients that have entered a state of active disease in visit 2.

Remission (T1) Remission (T2) Active (T2)

Al A2 A3 Al A2 A3 Al A2 A3
Total bacterialg faeces 1.56E+ 1.21E+ 1.31E+ 1.87E+ 1.32E+ 1.50E+ 2.82E+ 1.32E+ 1.43E+

10 10 10 09 10 10 10 10 10
IgA coated bacteria/g 3.17E+ 7.42E+ 5.90E+ 2.71E+ 9.51E+ 3.06E+ 1.40E+ 8.57E+ 5.40E+
faeces 08 08 08 08 08 08 09 08 08
IlgG1 coated bacteria/g = 9.66E+ 4.62E+ 4.30E+ 3.31E+ 5.50E+ 5.75E+ 2.58E+ 6.70E+ 7.16E+
faeces 07 07 07 07 07 07 08 07 07
IlgG2coated bacteria/lg =~ 5.52E+ 1.09E+ 3.70E+ 6.71E+ 2.42E+ 1.98E+ 2.09E+ 3.98E+ 1.82E+
faeces 05 06 05 06 06 05 06 06 06
IgG3 coated bacteria/g = 3.26E+ 4.69E+ 1.34E+ 3.32E+ 8.39E+ 3.55E+ 2.33E+ 7.40E+ 4.70E+
faeces 05 05 06 04 05 05 05 05 05
IgG4 coated bacteria/g 1.85E+ 5.61E+ 1.42E+ 1.56E+ 6.95E+ 2.12E+ 2.92E+ 1.17E+ 1.14E+
faeces 08 07 08 07 07 08 08 08 08

Table 11. Relative data regarding the median levels of bacteria coated by all the antibodies relative to patient age
at diagnosis.

Al represent patient that were diagnosed before the age of 16 years, A2 to refers to patients diagnosed in the age of 17 -
40 years, and A3 to patients diagnosed after the age of 40 years. The table is divided into three groups where Remission
(T1) includes 54 patients in a state of remission in visit 1; Remission (T2) includes the patients whose disease remained
in remission in visit 2 and Active (T2) the patients that have entered a state of active disease in visit 2.

Remission (T1) Remission (T2) Active (T2)

Al A2 A3 Al A2 A3 Al A2 A3
% IgA coated bacteria  3.74 548 3.60 1450 9.03 3.32 498 10.69 4.89
% lgG1 coated bacteria  1.97 045 034 177 051 038 092 047 054
% |gG2 coated bacteria  0.03 0.01 0.00 0.36 0.01 0.00 0.01 0.03 0.01
% IgG3 coated bacteria  0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.01 0.00
% lgG4 coated bacteria  1.10 0.75 134 083 056 141 1.04 125 @ 0.66
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4. Smoking History
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Figure 38. The profile of quantitative amount of bacteria-coating by IgA and IgG subclasses when patients are

grouped accordingly to their smoking history.
Data is represented as IgA and IgG subclass-coating and/or amount of bacteria/g faeces accordingly to smoking history,

i.e. never been a smoker (Never), ex-smoker (Ex) and current smoker (Currently-at the time of sample collection). The
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plots are divided into three groups where Remission (T1) includes all patients in a state of remission in visit 1; Remission
(T2) includes the patients whose disease remained in remission in visit 2 and Active (T2) the patients that have entered
a state of active disease in visit 2. For samples in which no bacteria are observed to be coated by a specific IgG subclass,

the data point is set to 1 to enable the presentation of the results on a logarithmic axis. Indicated is median + ranges. Data

was obtained from GraphPad Prism 5.
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Figure 39. The profile of relative level of bacteria-coating by IgA and IgG subclasses when patients are grouped
accordingly to their smoking history.

Data is represented as the relative amount of bacteria-coating by each antibody according to patients smoking history,
i.e. never been a smoker (Never), ex-smoker (Ex) and current smoker (Currently-at the time of sample collection). The
plots are divided into three groups where Remission (T1) includes all patients in a state of remission in visit 1; Remission
(T2) includes the patients whose disease remained in remission in visit 2 and Active (T2) the patients that have entered
a state of active disease in visit 2. Indicated is median + ranges. Data was obtained from GraphPad Prism 5.
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Table 12. Quantitative data regarding the median levels of bacteria coated by all the antibodies relative to patients
smoking history.

Patients are classified accordingly to smoking history, i.e. never been a smoker (Never), ex-smoker (Ex) and current
smoker (Currently-at the time of sample collection).The table is divided into three groups where Remission (T1) includes
54 patients in a state of remission in visit 1; Remission (T2) includes the patients whose disease remained in remission
in visit 2 and Active (T2) the patients that have entered a state of active disease in visit 2.

Remission (T1) Remission (T2) Active (T2)
Never Ex Curren Never EXx Curren Never Ex Curren
tly tly tly

Total bacteria/g faeces = 1.14E+ 1.32E+ 1.02E+ 1.11E+ 1.68E+ 7.18E+ 1.97E+ 1.67E+ 4.67E+
10 10 10 10 10 09 10 10 09

IgA coated bacteria/g 5.74E+ 6.03E+ 9.00E+ 8.39E+ 7.84E+ 1.13E+ 6.32E+ 8.56E+ 3.82E+
faeces 08 08 08 08 08 09 08 08 08
IlgG1 coated bacteria/g 6.93E+ 4.19E+ 3.98E+ 5.77E+ 8.18E+ 4.82E+ 8.80E+ 7.20E+ 4.34E+
faeces 07 07 07 07 07 07 07 07 07
lgG2coated bacteria/lg =~ 1.49E+ 7.49E+ 4.50E+ 2.90E+ 5.92E+ 4.34E+ 2.03E+ 4.46E+ 2.56E+
faeces 06 05 05 06 05 06 06 06 08
IgG3 coated bacteria/g 4.81E+ 8.98E+ 1.69E+ 3.92E+ 7.80E+ 1.25E+ G5.11E+ 1.97E+ 6.05E+
faeces 05 05 05 05 05 06 05 06 04
IgG4 coated bacteria/g  1.91E+ 1.02E+ 3.23E+ 1.19E+ 9.86E+ 3.14E+ 2.92E+ 1.74E+ A4.67E+
faeces 08 08 07 08 07 07 08 08 07

Table 13. Relative data regarding the median levels of bacteria coated by all the antibodies relative to patients
smoking history.

Patients are classified accordingly to smoking history, i.e. never been a smoker (Never), ex-smoker (Ex) and current
smoker (Currently-at the time of sample collection). The table is divided into three groups where Remission (T1) includes
54 patients in a state of remission in visit 1; Remission (T2) includes the patients whose disease remained in remission
in visit 2 and Active (T2) the patients that have entered a state of active disease in visit 2.

Remission (T1) Remission (T2) Active (T2)

Never Ex Currently =~ Never Ex Currently ~ Never Ex = Currently

% IgA coated bacteria 5.06 4.10 7.80 10.66 4.89 12.69 476 6.61 12.71
% 1gG1 coated bacteria 0.52  0.36 0.42 0.55 0.49 0.70 0.60 0.56 1.76
% |gG2 coated bacteria 0.02 0.01 0.01 0.02 0.01 0.05 0.01 0.02 15.41
% IgG3 coated bacteria 0.01 0.01 0.00 0.01 0.00 0.01 0.00 0.01 0.00
% |gG4 coated bacteria 1.16 0.52 0.61 1.05 0.56 0.36 1.31 0.86 1.44
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Figure 40. The profile of quantitative amount of bacteria<coating by IgA and IgG subclasses when patients are grouped
accordingly to their gender.

Data is represented as IgA and IgG subclass-coating and/or amount of bacteria/g faeces accordingly to patient’s gender i.e., Male or
Female. The plots are divided into three groups where Remission (T1) includes all patients in a state of remission in visit 1; Remission (T2)
includes the patients whose disease remained in remission in visit 2 and Active (T2) the patients that have entered a state of active disease
in visit 2. For samples in which no bacteria are observed to be coated by a specific IgG subclass, the data point is set to 1 to enable the
presentation of the results on a logarithmic axis. The significant finding is based on an Unpaired T-test. 0.01<*P-value<0.05. Indicated is

madian + rannac Nata wwac nhtainad fram (CranhDad Driem B

Table 14. Quantitative data regarding the median levels of bacteria coated by all the antibodies relative to patients gender. Data
is represented as the median levels of IgA and 1gG subclass-coating and/or amount of bacteria/g faeces accordingly to patient’s gender
i.e., Male or Female. The table is divided into three groups where Remission (T1) includes 54 patients in a state of remission in visit 1;
Remission (T2) includes the patients whose disease remained in remission in visit 2 and Active (T2) the patients that have entered a state
of active disease in visit 2.

Remission (T1) Remission (T2) Active (T2)
Male Female Male Female Male Female
Total bacteria/g faeces 1.42E+10 9.91E+09 1.55E+10 9.96E+09 1.32E+10 1.71E+10
IgA coated bacteria/g faeces 6.11E+08 5.82E+08 9.57E+08 @ 7.32E+08 9.05E+08 = 6.50E+08
1gG1 coated bacteria/g faeces = 5.15E+07 = 4.53E+07 = 6.69E+07 @ 5.38E+07 = 6.29E+07  7.16E+07
IgG2coated bacteria/g faeces 450500 1.61E+06 1.24E+06 2.13E+06 1.03E+06 3.98E+06
1gG3 coated bacteria/g faeces 280000 642000 996500 431500 293500 791000
1gG4 coated bacteria/g faeces = 1.53E+08 = 7.46E+07 = 7.93E+07 8.03E+07 1.78E+08 = 1.14E+08
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Figure 41. The profile of relative level of bacteria-coating by IgA and IgG subclasses when patients are grouped
accordingly to their gender. Data is represented as the relative amount of bacteria-coating by each antibody according
to patient’s gender i.e., Male or Female. The plots are divided into three groups where Remission (T1) includes all patients
in a state of remission in visit 1; Remission (T2) includes the patients whose disease remained in remission in visit 2 and
Active (T2) the patients that have entered a state of active disease in visit 2. Indicated is median + ranges. Data was

obtained from GraphPad Prism 5.

Table 15. Relative data relating to median levels of bacteria coated in patients grouped accordingly to their
gender. Data is represented as the median levels of IgA and IgG subclass coating and/or amount of bacteria/g faeces accordingly to
patient’s gender i.e., Male or Female. The table is divided into three groups where Remission (T1) includes 54 patients in a state of
remission in visit 1; Remission (T2) includes the patients whose disease remained in remission in visit 2 and Active (T2) the patients that

have entered a state of active disease in visit 2.

% IgA coated bacteria
% IgG1 coated bacteria
% 1gG2 coated bacteria
% IgG3 coated bacteria

% lgG4 coated bacteria

94

Remission (T1)

Male
5.161

0.4255
0.002
0.002

0.862

Female

5.318
0.467
0.0345
0.0105

0.9405

Remission (T2)

Male
4.391

0.413
0.01
0.0055

0.815

Female

9.028
0.556
0.016
0.005

0.696

Active (T2)

Male Female

5.332
0.5075
0.0065

0.001

0.8245

6.427
0.545
0.016
0.004

1.037



