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ABSTRACT

Inflammatory Bowel Disease (IBD) is a chronic intestinal inflammation that
has caused many challenges for healthcare providers in treating the disease and also
altered the quality of life of the patients. The cure for IBD is still symptomatic-based,;
the causes mechanism and pathogenesis of IBD are to be further investigated.
Currently, IBD has been considered as an excessive immune response to commensal
flora that in normal condition is tolerable to the host. Antigen presenting cells (APCs)
play an important role in the pathogenesis of IBD. Macrophage is one of the
professional APCs that present antigen information to T cells and induce the T cell
subtype proliferation. Aside from this role, macrophages also phagocytose pathogens

and clean cell debris in thebody.

T cell immunoglobulin and mucin domain (TIM)-4 is a glycoprotein
expressed on the surface of macrophage, which recognizes phosphatidylserine (PS)
that is expressed mainly on the surface of the early apoptotic cell phospholipid
membrane; the latter is a negatively charged molecule that can bind to the TIM-4 to
enhance the phagocytosing activity. In IBD, the loss of intestinal epithelial cells
(IECs) due to apoptosis is prominent in the site of inflammation especially in

ulcerative colitis (UC).
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The aim of this study is to elucidate whether there is an increase of TIM-4
expression in colitis mice model after exposure to excessive number of apoptotic

IECs and whether TIM-4 plays a role in the development of colitis in mice.

The expression of TIM-4 is measured with several tests; including flow
cytometry, immunohistochemistry, western blotting and real time RT-PCR. In the
first step, we tried to see if there is a difference in the TIM-4 expression in colitis
mice and ethanol control mice. After the association was established, we further
observed the role of TIM-4 in the pathogenesis of IBD by injecting TIM-4+
macrophages into the mice prior to inducing a mild colitis in the mice and finally

injected neutralizing anti TIM-4 antibodies to block the available TIM-4 receptors.

We found that TIM-4 expression was higher in a colitis mouse model
compared to the control. Also by injecting TIM-4+ macrophages into the mice, the
frequency of intestinal T regulatory (Treg) cells was decreased significantly. Finally
in the group treated with anti-TIM-4 neutralizing antibodies prior to colitis induction,
the frequency of intestinal Treg cells increased significantly and the inflammation
response was less severe than the colitis control group. This study revealed, for the
first time in the world, that TIM-4 expression in the colon of colitis mice was

significantly increased, which suppressed Tregs and promoted T effector cells.
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I. INTRODUCTION

1.1 Inflammatory Bowel Disease

IBD is a chronic inflammation of the gut which relapsed and remitted overtime.!
Patients suffer from IBD present symptoms such as rectal bleeding, severe diarrhoea,
abdominal pain, fever, and weight loss. Histological features of the intestine biopsies
show large number of leucocytes, particularly neutrophils, lymphocytes and monocytes in
the intestinal interstitium.? Crohn’s disease (CD) and ulcerative colitis (UC) are two
major forms of IBD. CD is a multifocal, transmural inflammation process that can affect
any part of the intestine while UC is a superficial, continuous inflammation, limited to the
colon.® Despite the morphologic differences, both CD and UC may have overlapping
epidemiological, clinical, radiological, endoscopic and histological characteristics.* It is
proposed that the pathogenesis of the disease is due to a complex interaction between
genetic predisposition, exogenous and endogenous factors, and modifying factors.>®
Despite several immunological differences in foreign antigen processing, Waterman et al
found that CD and UC interestingly shared common genetic association and that both CD
and UC showed impaired adaptive responses.’® However, despite years of investigations
the causative etiology of this disease is still yet to be identified.® Classically, IBD is
viewed as an inflammation due to a diminished tolerance to the gut commensal
bacteria."** The inflammation is characterized by recruitment and activation of
neutrophils, lymphocytes, macrophages, and other inflammatory cells to the inflamed
area. This immune hyperactivity increases chloride and water secretion leading to

diarrhoea, increases permeability of the intestinal epithelial cells, and ultimately
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destruction of the villi of the intestinal mucosa layer.**** Moreover, adding up to the
inflammatory response and the release of cytokines and chemokines by the pro-
inflammatory cells, extensive intestinal tissue injury takes place resulting in edema, loss
of goblet cells, decrease in mucus production, crypt hyperplasia, erosions and

ulcerations.?
1.1.1 Hygiene Hypothesis

One of the many proposed causes of IBD is an unbalanced immunological
environment and immune hypersensitivity caused by the lack of exposure to pathogens.
Intestinal tract has the most frequent exposure to external environment, either from the
ingested food or water, in comparison to other body organs. Some non-pathogenic
microorganism, also known as commensal bacteria, reside in the gut reaching more than
10™ bacteria with around 1000 different strain and species.* After birth, human gut is
colonized by different variety of bacteria strain and these colonies are responsible in
building the immune system of the host.™>*® Interestingly, it is known for some time that
children with atopic disease may have different strains of commensal bacteria residing in
their gut compared to the non-atopic population from the same geographic area.*’?* And
children from mothers who were exposed to farming environment and cowsheds during
pregnancy have lower chance of having atopic diseases. The explanation behind this
finding was that the level of endotoxins is higher in the farm compared to the cities and it
was suggested that long term exposure to high level of endotoxin during first year of life
protect the host from asthma and atopy.** However, a larger scale studies is yet needed to

confirm this finding.?
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Recent findings suggested that immune disease prevalence is rising rapidly in the
last three decades in countries with better hygiene and sanitary especially in children,
compared to adults. In 1998, about one in five children in industrialized countries
suffered from allergic disease such as asthma, allergic rhinitis or atopic dermatitis.”® It has
been demonstrated by Werner et al that at individual level, increased atopic dermatitis
incidence is directly correlated with higher family income.?* Interestingly even though
innate immunity seems to play a significant role in the development of IBD, many studies
have shown that IBD is directly correlated to atopic diseases and hundreds published data
suggest that pulmonary hyper-responsiveness is common in patients diagnosed with

IBD.25-29

According to the hygiene hypothesis, the balanced ratio of T helper 1 (Thl) and T
helper 2 (Th2) lymphocytes is thought to be of major importance in maintaining the
homeostasis. All along IBD has been categorized under Thl response; however Heller et
al initially discovered that UC has Th2 property and the high apoptotic rate in UC is
caused by an increase of Interleukin (IL)-13 and IL-4, which are attributed as Th2
cytokine.*® CD on the other hand is a Th1 response against commensal bacteria, releasing
high level of interferon gamma (IFN-g), IL-1B and Tumor Necrosis Factor-alpha (TNF-
). In most animal model, it is discovered that even though IBD is triggered by
commensal bacteria but the development of disease is still depend on the activity of
effector T cells in the gut.®> Additionally, several reports suggested that eosinophils and
eosinophil-derived mediators, which present in allergy, also contribute to the

histopathology and pathophysiology of IBD.3?3® Hence it is possible that adaptive
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response similar to atopic disease takes place in the pathogenesis of IBD. Moreover, in
mouse colitis model the role of transferred Treg is significant in providing negative
feedbacks to suppress the activation and proliferation of Thl and Th2 cells hence

maintaining the intestinal immune homeostasis and even cure experimental colitis.*"

1.1.2 Prevalence and Incidence of IBD

The incidence of IBD is rising in the last two decades mostly in the well
developed countries.® Literally there are hundreds of articles describing the incidence of
CD and UC in many regions of the world. In general, the highest incidence rate and
prevalence for both CD and UC has been reported from Northern Europe, the United
Kingdom, and North America, which were the geographic regions that have been
historically associated with IBD. However, reports of increasing incidence and prevalence
from other areas of the world such as southern or central Europe, Asia, Africa, and Latin
America underscore the fact that the increase is a dynamic process.®*° Approximately, the
prevalence of UC is about more than 0.6 million in the world, and more than 0.4 million

for CD.**
1.1.3 Etiology of IBD

As mentioned above, up to now the cause of IBD still need further investigation.
However, the most probable cause is believed to be an abnormal immune regulation
toward commensal bacteria which induces IECs damage by the release of pro-
inflammatory cytokines by innate inflammatory cells which invade the mucosal layer of

45,46

the intestine. IECs play an important protective role in the gut because the integrity of

4
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the epithelial barrier is the first defense line against incoming pathogens. Damage to the
IECs opens the access for pathogens in the lumen to invade the intestinal mucosa and
eventually the blood circulation and finally to the system. The epithelial lining is a
monolayer protective barrier buried deep under a thick layer of mucus. In normal
condition it is extremely hard for pathogens to penetrate the mucus and damage the IECs
underneath. However, if the barricade itself is flawed then the passing will be much easier.
One of the several cytokines responsible for the damage and eventually apoptosis of the
IECs in UC is IL-13.*’ IEC loss in UC is thought to play an important role in the
pathogenesis of the disease especially in the acute inflammation sites.***° Another
possible cause for IBD is the increased mucosal accumulation of apoptotic-resistant-T
effector cells because of an abnormal cell cycle control by p53.°%? Recently, a genome-
wide association studies of both pediatric and adult IBD also revealed that a number of
IBD susceptible genes are associated with not only innate immunity but also adaptive

immunity.>
1.1.4 IEC’s Physiology

Apart from acting as a physical barrier, IECs are capable of processing and
presenting antigen with major histocompatibility complex (MHC) molecules, interacting
with T cells, both in healthy gut and inflamed gut. In IBD, these IECs up-regulate the
expression of both MHC and co-stimulatory molecules, which in healthy gut are anergic,
and modulate the adaptive response to an unfavourable outcome.>* IECs seem to have the
ability to communicate with the immune cells lying underneath them in the gut and

modulate those immune cells to maintain mucosal homeostasis. %%

5
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IECs secretes large amounts of mucus and antibodies to maintain the homeostasis
of the gut.>® There is an inner, protected, unstirred layer of mucus that is sterile adjacent
directly to the epithelial cells produced by goblet cells. In a mouse model where the
MUC2 gene which produces mucin glycoprotein is mutated, this mouse group can
develop spontaneous colitis. It is found by this group that there are reduced goblet cells
numbers, depleted mucus layer, increased permeability, increased crypt apoptosis, and
higher susceptibility to luminal inflammation-induced toxins.*>*"® In fact, one hallmark
of IBD is the disruption of the intestinal epithelium. Normally, maintenance of the
intestinal epithelium involves a dynamic process in which intestinal stem cells located at
the crypt base undergo differentiation, proliferation, and migration along the crypt-villus
axis and in the end undergo apoptosis.®*®? Apoptosis is a physiologic response that
eliminates unwanted, damaged or virus-infected cells. This particular process appears to
be disrupted in IBD patients; their IECs exhibit hyperplasia, goblet cell depletion, and
enhanced apoptosis. Anti-TNF-alpha drugs that are recently used to help reducing IBD

symptoms are found to be able to inhibit epithelial cell apoptosis.®>®*

1.1.5 Enhanced IEC Apoptosis in IBD

Several data suggest that there is a high rate of IEC apoptosis in 1BD.®*® Data
from animal and human studies show that defects of the intestinal epithelial barrier and a
dysregulated gut immune system can lead to the development of IBD.®®™® The tight
junction complex of the intestinal epithelial barrier continuity is broken hence allowing
macromolecules like food antigens and microbial products to penetrate to the underneath

compartments.®>*"® Similarly, IL-13 is shown to be able to induce IEC apoptosis and

6



Natasha Nurtanio Medical Sciences Program
Master’s Thesis McMaster University

alter the epithelial barrier function via tight junction structural changes and other

associated compound.®-7

Apoptosis itself is a physiological process that does not evoke an inflammatory
response. However, in IBD the increased apoptotic IEC rate may somehow trigger
inflammatory response due disrupted homeostasis environment and lack of continuity
which is possibly related to the hyperactive immune cells underneath.”® Apoptosis can be
identified by the morphological changes in the cell membrane. Cells that undergo
apoptosis show chromatin and cytoplasmic condensation, nuclear fragmentation,
membrane phospholipid flipping exposing PS on the surface and formation of surface
blebs. Activated cells will undergo apoptosis after some time and to be cleared from the
system by phagocytes.”””® The reason why IEC undergo apoptosis in IBD is remain
elusive, but some studies suggest that pro-inflammatory cytokines such as TNF-a, IL-6,
IFN-y and IL-13 produced by macrophages and T effector cells may be involved in the

process.?3808!

1.1.6 Role of T helper and Treg cells in IBD

In IBD patients, an increase in the number of activated mucosal T lymphocyte is
quite commonly observed. Therapeutic intervention that target T cells and T cell derived
cytokines also has shown great promise in the treatment of 1BD.*2#2¥ Interestingly, it is
also found that diminished forkhead box P3 (FoxP3) expression by gene targeting
procedure in Treg cells produce a high level of IL-2, IL-4, IL-17 and IFN-g.5"®

Moreover, it is suggested that natural-occurring-Treg cells may help to control the normal
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immune regulation in healthy individuals.?® Additionally in IBD patients, there is a
decrease of Treg in the peripheral blood.®® In mouse colitis model, activated Treg
transfer not only prevent but also cure colitis.***® In the acute state of intestinal
inflammation, Treg population may be suppressed in the early state of inflammation
hence promote the T effector cells to differentiate and invade the lumen.® In several

studies, it is suggested that Treg cells association in IBD pathogenesis is established.!%%

There are two subtypes of Treg in the circulation, the natural-Tregs which are
induced during thymic differentiation and the inducible-Tregs which is induced by
elevated levels of transforming growth factor- beta (TGF-B) and the latter can be found

mostly in the intestinal mucosa interface.'®

Moreover, TGF-f knockout mice are shown
to develop multisystem inflammatory disease, including colitis. This mouse model also
develops a downregulated nuclear factor kappa B (NF-xB) expression and altered pattern
recognition receptors (PRRs) such as toll-like receptors (TLRs) by IECs and APCs.10%1%
Interstingly, IECs are also able to secrete TGF-p and possess the ability to induce hypo-
responsiveness to commensal bacteria.!®®% With the enhanced loss of IECs in IBD, the
role of TGF-B as a potent regulatory cytokine that inhibits T cell proliferation,
differentiation and activation is also greatly diminished.!” Additionally, TGF-B also has
been shown to promote de-novo generation of Tregs, which might be able to prevent

intestinal inflammation.'*"**
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1.2 TIM-4

In 2001, Mclntire et al found that within a region associated with T cell and airway
phenotype regulator (Tapr) gene, there is a gene family that encodes T cell membrane
glycoprotein with conserved immunoglobulin variable domain and mucin domain. They
called it TIM protein and found that some of the genes from this gene family were
strongly associated with Th1-Th2 differentiation. This TIM family is a group of

glycoprotein structure expressed mainly on the cell surface of T cell.™*
1.2.1 TIM-4 Structure

The nature of TIM is more likely to be associated with immune regulation but the
knowledge itself is not yet considered comprehensive. This gene family shares an
identical pattern one to another including an immunoglogulin (Ig) domain, a mucin
domain, a transmembrane domain, and a cytoplasmic domain. TIM consists of eight
members in mouse (TIM 1-8) and three in human (TIM 1, 3 and 4), in which the three in

human possess a high fidelity with their counterpart in mouse. 2

TIM-4, previously known as SMUCKLER, is a member that is different in its
structure compared with the other TIMs for the lack of tyrosine-kinase phosphorylation
tail in the cytoplasmic domain and is expressed mainly in APC, not in T cells like the
other members.*>*?° In the gut, TIM-4 is highly expressed on resident peritoneal
macrophages, marginal zone macrophages, and other tissue-associated macrophages.*?!
TIM-4 is considered a natural ligand of TIM-1 and the interaction of these two molecules

in a way induces effector T cells proliferation.*®?? Apart from that, TIM-4 also acts as a

9
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PS receptor and enhances phagocytosis of apoptotic cell bodies by macrophages to help

maintain homeostatic state.'**'?

1.2.2 TIM-4 role in Immunity

TIM-4 and its ligand, TIM-1, act as a co-stimulatory factor in immune response
and involved in the Th1-Th2 balance.!*® The interaction between TIM-1 and TIM-4 is
partly dependent on the glycosylated mucin stalk component.*? TIM-1-TIM-4 interaction
plays a role in T cell proliferation,'*® particularly Th2, because TIM-1 expression is found
to be higher in activated Th2 subsets."'®'***?" Additionally, TIM-1-TIM-4 interaction
also has been reported to be responsible in the pathophysiology of renal ischemic-

128,129

reperfusion injury, and that histiocytic and dendritic cells neoplasma consistently

express TIM-4.1%°

Yang et al. reported that sensitization to common commensal bacteria toxin
together with ovalbumin in murine model increased the polarization of Th2 subtype
which was blocked by inhibition of TIM-4 expression. They found that after exposure,
TIM-4 level was slightly higher than normal and maturation of DC subsets were
enhanced.’® They also proposed that modulating TIM-4 production in APCs may
probably decrease the Th2 immune response.’*? Meyers et al. reported that in the Fc
fusion protein experiment they did, the binding of TIM-4 to TIM-1 was inhibited by anti-
TIM-1 antibody and in vivo administration of TIM-4 fusion protein produced a higher
proliferation of Th2 cells. Also they discovered that at low concentration TIM-4 inhibit T

cells response, but at high concentration TIM-4 mediates positive co-stimulation.*

10
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1.2.3 TIM-4 as a PS receptor

TIM-4, and several others from the same family member, specifically bound to PS
on the surface of apoptotic cells via the IgV domain of the TIM molecule.*%%1% T|M-4
monoclonal antibodies that block the binding of PS of the apoptotic cells eventually
decrease the ability of phagocyting in the mouse peritoneal macrophages.**® TIM-4 ability
to recognize apoptotic bodies is critical for an efficient clearance and prevention of
autoimmunity. Rapid removal of apoptotic bodies by phagocytes is critical for the
maintenance of tolerance against intracellular antigens released from the dying
cells. M 934137 geveral studies support the findings that deficiencies in PS receptor
recognition molecules in mouse models lead to disrupted self-tolerance and development

of autoimmunity. %4

Recognition of PS is a key signal to trigger engulfment by phagocytes and via
TIM-4 it will form a punctate cap when on contact with apoptotic bodies, which normally
is expressed diffusely on the surface of phagocytes.’?***23 However, Park et al.
suggested that TIM-4 probably only act as a PS tethering receptor but has no signalling

pathway on its own.***

While apoptotic cell death is a critical evolutionally conserved
process for elimination of unnecessary cells, phagocytes are also capable of eliminating
other dying cells such as necrotic cells and other opsonised targets, however this process

is not TIM-4 dependant.**>'*

11
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1.2.4 Macrophage in Immunity

Macrophage plays an important role in the homeostasis by eliminating dying cells
and nursing hemopoietic precursor cells.**>** The precursor of tissue macrophages is the
blood monocytes. In the colon and small intestine mucosa, macrophage is located in the
lamina propria below the epithelial layer. TNF-a is a pro-inflammatory cytokine that is
mainly produced by activated macrophages and lymphocytes. Macrophages also plays a
key role in the development of IBD.**"**® Accordingly, blocking the TNF-a production
pathway seems to be a good treatment option for IBD.*9*>* It is proposed that this agent
helps to induce effector T cell and other mononuclear cell apoptosis not only in CD but
also in UC.™ ™7 Interestingly, after treatment with anti-TNF-o, the number of Treg cells
population was found to be increased suggesting that this treatment is able to reverse the

pathogenesis of IBD.™®

1.2.5 Immunity hyper-responsiveness induced by activated macrophages

In IBD, intestinal mucosa is disrupted and invasion of the bacteria cause massive
influx of leucocytes, including monocyte-derived macrophages.**® Activated macrophage
will then release cytokine and chemokine which enhances the inflammatory response that
has previously taken place.’®*%? Several studies suggested that activated macrophages
are the prominent constituent of the immune cells infiltration in IBD,"**® and depletion
of macrophage population in mice model help to prevent and decrease mice susceptibility

to induced-colitis, 6616
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It was found that in both clinical and experimental colitis, colon macrophage
express more CD14 and TLRs compared to the CD4+ T cells population.®® In normal
condition intestinal macrophage express lesser CD14 and TLRs due to the oral tolerance
nature in the gut.*®*"* Interestingly, it was found that CD14, a lipopolysaccharide (LPS)
receptor for TLR-4 recognition, is involved in the recognition of apoptotic cells but does
not bind to PS.}"#*"* From this finding, we can infer that when there is an increase of
IECs apoptosis in IBD, at the same time there will be an increase in the intestinal

macrophages expression of CD14 which makes it less tolerant to commensal flora.
1.3 Summary and Insights from this Project

TIM is a gene family that is associated with Tapr gene and TIM-4 has been
discovered to have a role in the development of atopy in the intestine. It is also known
that TIM-4 ligand, TIM-1, is expressed in T effector cells, suggesting that TIM-4 is

associated with T cell adaptive immune regulation in the gut.**®

In part, IBD pathogenesis also includes adaptive immune response and in mice
colitis model it is known that Treg transfer can help reduce the symptom and even cure
the disease. Treg proliferation and differentiation can be induced by the release of TGF-
B.%% Macrophages that undergo phagocytosis and IECs are known to be able to secrete
TGF-B, and those groups of cells also play an important part in the pathogenesis of IBD.
Moreover, there is an increase of T effector cells invading the intestine mucosa depending

on the type of IBD, with a higher number of Th1 in CD and Th2 in UC. **1%
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Taken together, IECs’ enhanced apoptosis is prominent in IBD and TIM-4
expressed on the surface of macrophages may recognize any apoptotic cells.****® Binding
of TIM-4 to PS enhanced phagocytosis by macrophages. In addition, TIM-4 also has the
ability to bind to TIM-1 on the surface of both Thl and Th2 cells which will increase T

118 Moreover, Treg cells which are known to be able

effector cells polarization (Figure 1).
to inhibit the proliferation of effector T cells are significantly decreased in IBD."® While
it is also shown that IL-13 may be the cause of the increased IEC apoptosis in IBD, the
complete pathogenesis still need further investigations.*® In conclusion, the binding of

TIM-4 either on the surface of an apoptotic IEC or on the surface of T effector cells may

have a role in the development of IBD.

Enhanced Phagocoytic Activity ™

Jl. .

M Phosphatidylserine

A TIM-3
v TM1 Enhanced T
_ Cells
Apoptotic cells Polarization
Macrophages

@ Thelpercells

Figure 1. TIM-4 as a PS receptor and TIM-1 ligand.
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II. STATEMENT OF HYPOTHESIS

2.1 Hypothesis

In previous research, our lab found that TIM-4 expression in APC is associated
with intestinal immunity, particularly in Th2 food allergy murine models. Binding of
TIM-4 to its ligand on Th cells under specific allergen-sensitization environment
increases Th2 polarization. However, this finding is only tested in a food allergy-
conditioned mouse model. Apart from that, TIM-4 was found to be a PS receptor that
recognized apoptotic bodies and enhanced phagocytosis to maintain the homeostasis.
Considering that IEC apoptosis in IBD holds an important role in the pathogenesis of IBD
and there is a large amount of T effector cells involved in the gut inflammation, we will

try to check TIM-4 expression rate under a colitis-conditioned mouse model.

We hypothesized that TIM-4 has a role in the pathogenesis of colitis in mice. To

establish the association, we will try to examine:

A) TIM-4 expression in colitis mouse model

B) Association between TIM-4 expression rate and Treg population in colitis

mouse model
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I11. MATERIALS AND METHODS

3.1 Reagents and Antibodies

3.1.1 Reagents

Crystal violet dimethyl sulfoxide (DMSO), ethidium bromide, EDTA, DTT,
Triton X-100, Tween 20, dipotassium hydrogen orthophosphate (K,HPO,), sodium
dihydrogen orthophosphate (NaH2PO,), disodium hydrogen orthophosphate (Na;HPO,),
DNase, Blenzyme, Percoll Solution, Peptidoglycan, Hematoxylin, Eosin, protease
inhibitor cocktail were purchased from Sigma, Oakville, ON.

Agarose, bovine serum albumin (BSA), Tris, glycine, sodium dodecyl sulphate
(SDS), sodium citrate, sodium chloride (NaCl), O.C.T compound embedding medium,
TEMED were purchased from Bioshop Burlington, ON.

Trypsin-EDTA, Trinitrobenzene Sulphonate (TNBS), Penicillin-Streptomycin,
RPMI-1640 media, DEPC water, Dulbecco’s Modified Eagle’s Medium (DMEM), and
Fetal Bovine Serum (FBS) were purchased from Invitrogen, Carlsbad, CA.

30% Acrylamide/Bis solution and 20% SDS solution were purchased from Bio-
Rad, Mississauga, ON.

Glycerol, methanol, chloroform and isopropyl alcohol were purchased from
Caledon Laboratories, Georgetown, ON

Reagent Alcohol, Trizol, xylene, and acetone were purchased from Fisher

Scientific, Ottawa, ON.
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3.1.2 Antibodies

TIM-4 recombinant mouse antibody and propidium iodide were purchased from
R&D systems Inc, USA. FoxP3 mouse monoclonal antibody, TIM-4 mouse monoclonal
antibody, beta actin mouse monoclonal 1gG, anti-mouse HRP, anti-goat HRP were
purchased from Santa Cruz Biotechnology, Inc, USA. Beside those mentioned above,

other antibodies were purchased from eBioscience, Inc, USA.

3.2 Human IBD samples

All IBD patients’ samples were collected from the First Hospital,
Gastroenterology Department, Zhengzhou University, China. Non-IBD samples were
collected from Huazhong Science and Technology University, Tongji Medical College,

China.

3.3 Animal Studies

All BALB/c mice (Charles River Laboratories International, Inc.) were housed in
a specific pathogen-free vivarium at Mcmaster University St’Joseph Hospital. Treatment
started when the mice were around 10-12 weeks old.

3.3.1 TNBS Colitis Model

To induce colitis we used 2.5 mg TNBS in diluted 50% ethanol per mouse
injected with a soft tube through the anal until approximately 4 cm deep. The injection

was done under isopropyl gas anaesthesia and the mice were fasted for two days prior to
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the injection.”"”> Mice were sacrificed on day 7 after injection or if it reached the end-point

according to our lab AUP protocol.
3.3.2 TNBS Colitis Half Dose Model

Later in our experiments, we decided to use half dose of TNBS to see whether it
could develop an equal inflammation as a full dose TNBS after the mice were injected
with approximately 10%-10° of TIM-4+ M-HS cell lines (injected from the tail vein) 24
hours prior to the injection. We use 1.25 mg TNBS diluted in 50% ethanol per mouse,
with the same procedure as described above and fasted for 48 hours prior to TNBS

injection.

For the control group, we use another group of mice injected with 50% ethanol

without TNBS with the same procedure and equal amount of monitoring and fasting days

(Figure 2).
Full Dose TNBS Half Dose TNBS
1. Naive Ethanol 1. TNBS 1.25 mg
2. TNBS 2.5 mg 2. TIM4+ M-HS
3. TIM4 -/+ 3. TIM4- M-HS

Figure 2. Experiment Design. In vivo test in mice conducted with 2 different dose.
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3.4 Cell line and LPMC culture
3.4.1 Cell Lines

We used M-HS mouse lung macrophage cell lines, a generous gift from Dr. Zhou
Xing, and cultured it according to the specified condition as advised in ATCC. For our in-
vitro experiments we also used IEC mouse intestinal epithelial cell lines (a gift from Dr.
Ken Cruitoru) and cultured it according to the specified condition. We used RPMI 1640
culture media with 10% FBS and 1% penicillin-streptomycin in 37°C with 5% CO? in the

tissue culture incubator.
3.4.2 LPMC lIsolation and Culture

Intestines harvested from the mice were stored in a clean container filled with ice
cold phosphate buffered saline (PBS, 1.36 M NaCl, 14.7 mM KH2PO4, 80 mM
Na2HPO4, 26.8 mM KCI, pH 7.4) after removal from the mouse body and transferred to
the nearest bio-safety cabinet hood hence the procedure was done under sterile
environment. Inside the hood the intestines then were split open with scissors on a petri
dish and cleaned from stools. Afterward the intestines were cut into 1cm pieces and put
into a 15 ml conical tubes filled with 10 ml of EDTA and DTT solution for further
washing. The tubes were then inserted into a thermo shaker for 15 minutes with 37°C and
shake with 60 rpm speed. After that, the intestine was cleaned from all mucous layers
with tweezers then the intestines were cut into smaller pieces. These smaller pieces of
intestines were then put into a 15 ml conical tubes filled with 10 ml of RPMI 1640

medium with blenzyme and dnase to digestion of the tissue. Then these tubes were put on
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the thermo shaker for 10 minutes with 37°C and shake with 60 rpm speed. After the
shaking, the contents were then transferred to a 50 ml conical tube through a 50 um
strainer, then centrifuge in room temperature for 10 minutes with 1200 rpm. The pellets
were then wash once again with media and re-suspended in a 10 ml of 40% percoll
solution. With a transfer pipette these suspension was carefully laid over on top of a 5 ml
of 80% percoll solution in a 15 ml conical tube; without much disruption on the liquid
surface. These dual-layered percoll solution tubes were then centrifuge in room
temperature for 20 minutes with 2400 rpm without brake. After centrifugation, LPMC
were visible as a thin layer of buffy coat in between the two layers. After retrieving this
layer with a pipette carefully, these cells were re-suspended in media to remove the
excess percoll twice. These cell pellets was ready to be cultured in the tissue culture
incubator inside a flask with RPMI 1640 culture media with 10% FBS and 1% Penicillin-
Streptomycin.'™

3.5 Inflammatory Score and Mononuclear Cell Count
3.5.1 Hematoxylin and Eosin Staining

Paraffin sections from mice intestine were cut using a microtome and mount on a
pre-baked slides. The slides were then kept to dry for 2-3 days before they were used for
staining. For staining protocol, the paraffin from the sections were de-waxed and
dehydrated in ethanol for 5 minutes each. The sections then were washed briefly with
distilled water then stained with hemotoxylin solution for 30-60 seconds and washed in
running warm tap water for 3 minutes. The sections then were re-dehydrated in 90%

ethanol for 3 minutes and counterstained with eosin for 30-60 seconds. The sections then

20



Natasha Nurtanio Medical Sciences Program
Master’s Thesis McMaster University

dehydrated in ethanol and cleared in xylene for 5 minutes each. Then the sections are

ready to be mounted with DPX mounting media.
3.5.2 Inflammatory Score

To determine the inflammatory score, assessment of inflammatory cells
infiltration, edema and mucosa structure were used as indicators (Table 1).}”" From each
mouse, 20 pictures were taken from hematoxylin and eosin stained paraffin sections and
then labelled blindly with a random code by a third person. The inflammatory score

results are later matched with the code from each group.

e

Epithelium Normal

and glands Focal destruction of epithelial surface and/or glands

Zonal destruction of epithelial surface and/or zonal crypt loss
Diffuse mucosal ulceration involving sub-mucosa and/or
diffuse crypt loss

w N - O

Absence of infiltrate

Sub-epithelial and in the lamina propria

Infiltrate reaches the muscular mucosa

Severe and diffuse infiltrate reaching the submucosa and/or
involving the muscolaris propria

Inflammatory
cells
infiltration

w N - O

Absent

Focal

Zonal and/or moderately diffuse
Extensive and severe

Edema

w N - O

Table 1. Inflammatory Score Marking Indicator for IBD

21



Natasha Nurtanio Medical Sciences Program
Master’s Thesis McMaster University

3.5.3 Mononuclear Cell Count

From each mouse hematoxylin and eosin stained sections, 20 pictures were taken
randomly and labelled blindly with codes by a third person. From these pictures, the
number of mononuclear cells were counted and adjusted to the camera magnification to

determine the number of cells per mm?.
3.5.4 Myeloperoxidase Test (MPO)

Homogenized colon tissue was suspended in 50 mM potassium phosphate buffer
pH 6.0 with 0.5% Hexadecyltrimethylammonium bromide (HTAB). Then the suspension
went through a freeze-thaw cycle for 3 times. Then 0.1 ml of suspension was mixed with
2.9ml of 50 mM potassium phosphate buffer pH 6 with 0.167 mg/ml o-dianisidine
dihydrochloride and 0.0005% H,0, in a 96 wells plate. The samples were read in 450 nm

within 1 minute by assuming that one unit MPO equal to degradion of 1 mM H,0,. 1’8"

3.6 Immunohistochemistry
3.6.1 Cryostat Section

For cryostat sections, the section was fixed and cleared from the OCT compound
by using either acetone for 20-30 minutes or 4% formalin for 30-45 minutes. Then the
acetone or formalin were washed with PBS for at least 3 times before starting the
immunohistochemistry staining, to reduce its interference with the antibodies binding

capacity and specificity.*®
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3.6.2 Paraffin Section

For paraffin sections the paraffin wax from the section were de-waxed with xylene
and dehydrate with ethanol for 5 minutes each. Then the sections were rehydrated with
distilled water and PBS for 5 minutes each. To retrieve the antigens attached to the
antibodies epitopes, heat-induced method was used for 5 minutes before the

immunohistochemistry staining.*®
3.6.3 Staining Procedure

Before staining the antibodies with fluorescent-bind antibodies, the non-specific
binding sites were blocked with 1% BSA for 20 minutes in a humid chamber. Then the
sections were stained with primary antibodies for 1-2 hour in room temperature or 4°C
overnight. When the incubation time was over, the primary antibodies were washed with
PBS every 5 minutes for 3 times. Then secondary antibodies staining were applied for 1-2
hour in room temperature. After the incubation time was over, the secondary antibodies
were washed again with PBS every 5 minutes for 3 times,*®® and finally the sections were
mounted with anti-fade mounting media. Pictures of twenty from each sample were taken
with a fluorescent microscope in a room without direct light to preserve the fluorescent

activity.'®

For TIM-4 antibody staining, 1:100 dilution in 1% BSA was used for the primary
antibody and 1:200 dilution in 1% BSA anti-goat FITC for the secondary antibody. For
FoxP3 antibody staining, 1:100 dilution in 1% BSA was used for the primary antibody

and 1:200 dilution in 1% BSA anti-mouse FITC for the secondary antibody.
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3.7 Cell and Tissue Protein Analysis
3.7.1 Protein Extraction

For tissue samples, the tissues were homogenized with protein lysis buffer and
protease inhibitor cocktail until there was no any visible tissue. For cells, the cells were
suspended in the lysis buffer and protease inhibitor cocktail. Then the cells or
homogenized tissue suspension was then kept in 4°C for 30 minutes. Afterward, the
samples were centrifuged for 20 minutes with 14,000 rpm speed in 4°C. The pellet was
discarded for when the cells lysed and the debris of the cell fragments will affect the

protein purity.
3.7.2 Western Blotting

Sample protein was diluted in ddH»0 until it reached the concentration of 100
ug/ml, then sample buffer and reducing agent were added according to the company
recommended ratio. The samples were then boiled at 100°C for 5 minutes on a dry plate
and then separated with a 12% SDS-polyacrylamide gel at 130 V. Proteins on the gel
were then transferred to a membrane for 90 minutes at 30 V. After all the proteins were
transferred to the membrane, the membrane was blocked in 5% skim milk in TBST
solution for 1 hour at room temperature on a shaker with 60 rpm speed. Then the
membrane was incubated in specified primary antibody overnight in 4°C room on a
shaker with 60 rpm speed or 1 hour at room temperature. After the incubation time was
over, the membrane was then washed with TBST in every 15 minutes for 3 times. The

membrane was then incubated in specified secondary antibody for 1 hour at room
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temperature on a shaker with 60 rpm speed. When it was done, the membrane was
washed again in TBST in every 15 minutes for 3 times. Afterward, the proteins on the

membrane were incubated in ECL solution for about 1 minute then exposed to a film.

For TIM-4 antibodies, TIM-4 goat anti mouse was used as the primary antibody
with 1:2000 dilution ratio and anti-goat HRP was used as the secondary antibody with
1:7500 dilution ratio. For FOXP3 antibodies, FOXP3 anti mouse was used as the primary
antibody with 1:1000 dilution ratio and anti-mouse HRP was used as the secondary
antibody with 1:16000 dilution ratio. For beta actin antibodies, anti-mouse beta actin was
used as the primary antibody with 1:1000 dilution ratio and anti-mouse HRP was used as
the secondary antibody with 1:16000 dilution ratio. All antibodies were diluted in 5%

skim milk in TBST solution.

3.8 RNA isolation and RT-PCR

3.8.1 RNA isolation with Trizol

For tissue samples, 1 ml of TRIzol reagent was added to 100-150 mg of tissue and
homogenized thoroughly until no visible tissue is seen. The suspension was then kept for
15 minutes in room temperature then centrifuge to remove the RNA from the lysed cells
debris. The supernatant was then transferred to a new tube and 200 ul of chloroform was
added to every 1 ml of TRIzol. The solution was mixed well and vortex vigorously for
about 2 minutes and then put on ice for 15 minutes. The solution was then centrifuged in
4°C for 15 minutes with no more than 12,000 g. After centrifugation 3 layers will be

visible and the RNA was on the top layer with an aqueous phase. The aqueous phase was
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then transferred to a new tube and re-suspended in 500 ul of isopropyl alcohol for
dehydration and kept on ice for about 10 minutes. This solution was then centrifuged
again for another 10 minutes with the same speed and temperature. The RNA was visible
by then on the bottom of the tube. The supernatant was then removed and the RNA was
then washed in 1 ml of 75% ethanol and centrifuged twice for 5 minutes in 4°C with not
more than 7,500 g. The supernatant was then removed and the RNA was left to dry then

re-suspended in 50 ul of DEPC water.

3.8.2RT-PCR

All RNA from the samples was reverse-transcriptase into cDNA by using a RT Kit.
For RT-PCR the cDNA from the samples were then diluted in DEPC water to reach
approximately the same concentration. Then PCR mix and primers were then added to the

cDNA samples.

Primers:

TIM-4 Forward 5°- ATG GTG AGT CAG AGA GTG AAG-3’

TIM-4 Reverse 5°- TCA GAT CAA CAG CAG ACA GAC-3’

FOXP3 Forward 5’- AGC TGG AGC TGG AAA AGG A-3’

FOXP3 Reverse 5°- GCT ACG ATG CAG CAA GAG C-3’

Beta Actin Forward 5°- GCT ACA GCT TCA CCA CCA CAG-3’

Beta Actin Reverse 5°- GGT CTT TAC GGA TGT CAA CGT C-3~
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3.9 Apoptosis Induction

Flasks with cultured cell lines were put under UV light for 30 minutes.

3.10 Flow Cytometry

Cells were collected from culture flasks either by gentle tapping at the bottom of
the flask for non-detachable cells or by using trypsin for detached cells. The cells were
then washed in PBS twice and centrifuged at 4°C with 1200 rpm for 5 minutes. Cells
were then suspended in 200 ul FA buffer, and then antibodies were then added to the cell
suspension. The cells were then put on ice for 30 minutes for incubation and kept from
direct light. When the incubation time was over, the cells suspension were centrifuged at
4°C with 1200 rpm for 5 minutes and washed with PBS twice. For antibodies that need
secondary antibodies because the antibody itself does not bind to a fluorescent molecule,
secondary antibodies were added at this step. Incubation for secondary antibodies took
the same time and temperature as the primary antibodies. After the incubation time was
done, the cells suspension were also washed twice with PBS and re-suspended in FA
buffer and ready to be analyzed. For later use, these cells could also be re-suspended in 4%

para-formaldehyde solution and kept in a 4°C fridge for 1 week.

3.11 Statistical Analysis

All data are presented as mean + standard error (SE). Statistical analysis was
carried out using GraphPad Prism for Windows, version 5.00. Two-tailed Student’s T-

Test was used to analyze data differences in naive and experiment group samples.
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IV. RESULTS

4.1 TIM-4 expression in IBD patients and mice model

Before we start with the mouse colitis model, we wanted to confirm whether there
was an expression of TIM-4 in IBD patients and whether there was a significant
difference in TIM-4 expression from the inflamed intestine compared to non-inflamed
intestine. Several paraffin samples which were previously used for other experiments in
our lab were chosen randomly from both non-IBD patients’ samples and IBD patients’

samples, consisting of both equal number of UC and CD biopsies.

From the immunohistochemistry staining, it was obvious that the expression of
TIM-4 was significantly higher in the inflamed intestine compared to the non-inflamed
part. (Figure 3) TIM-4 secondary antibodies were FITC-bind and showed green
fluorescence whereas propidium iodide was used to contrast the green color of TIM-4 and
to stain cell nucleus. As a staining control, isotype IgG was used to confirm the

specificity and it showed no positive staining in the control group.
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Figure 3. Immunohistochemistry staining and positive cells counting results. Using TIM-
4 antibodies (green) and nuclear staining with PI (red) showed significant increases in the
human IBD samples. (A) non-inflamed colon, (B) inflamed colon, (C) isotype 1gG. All
data are presented as means + SE, n=8-9. *P < 0.001

After establishing the finding in human tissue, we continued to check the
expression of TIM-4 in the TNBS colitis model. Before we go further to this step, the
colitis model was confirmed. We used histological score to determine the severity of the
inflammation (Figure 4). The severity of the lesions was very distinct between the group
injected with TNBS and the control group injected with 50% ethanol. Inflammation and
bleeding in the colon of TNBS was visible macroscopically and confirmed
microscopically. The reason of using 50% ethanol as a control for the TNBS group was to

establish the inflammation in the experiment group was caused only by TNBS and not
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due to the use of ethanol. Mononuclear cell counting was performed to determine the
infiltration of pro-inflammatory cells to the mucosa layer and MPO test was carried out to
determine qualitatively the presence of neutrophils (Figure 5) (Figure 6). While
monitoring the body weight for 7 days after TNBS injection, there was a very peculiar
trend in several mice on the third and fourth day with a majority showing an increase in
the body weight after a steep loss on the first and second day. The increase however could
not cover for the loss from the previous days. On the contrary, ethanol control group

showed a relatively constant weight gain after the injection (Figure 7).
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Figure 4. Inflammatory score in mice colitis. Macroscopic and microscopic comparison
of naive mouse colon [A and B] and TNBS-colitis mouse colon [C and D]. All data are
presented as means + SE, n=8-10. *P<0.001
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Figure 5. Mononuclear cell counts. Number of cells counted per mm? tissue from mice
colon tissues stained with H&E stain embedded in paraffin blocks. All data are presented
as means *+ SE, n=8-10. *P < 0.001
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Figure 6. Comparison of MPO activity read at 450nm. All data were presented as means
+ SE, n=8-10. *P < 0.05
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Figure 7. Mice weight chart. Mice were injected on day 1 and sacrifice on day 7. N = 28-
30.

After confirming the inflammation induced by TNBS was significantly higher
compared to the control showing signs and symptoms similar to human colitis, we further
carried out the investigation to see the expression of TIM-4 using immunohistochemistry
(Figure 8). We found that the number of cells expressing TIM-4 in mice colitis model was
slightly lower than what we found in human. However, we coud still find significant
different between those two groups and confirm the increase of TIM-4 in the TNBS
colitis model. Using the same staining procedure as the human samples, the
immunohistochemistry results showed significant increase in TNBS group with no
positive staining in the isotype 1gG staining control group (Figure 9). The flow cytometry

result showed significant increase of TIM-4 expressing cells in the LPMC of TNBS group
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mice. The cells were collected from mice immediately after sacrifice and were cultured
for 3 days in a culture flask before staining for flow cytometry (Figure 10). Western blot
results of the qualitative TIM-4 protein expression in both groups showed significant
increase in TNBS group after normalization to beta actin expression. For the
normalization analysis, blot density analysis with ImageJ version 1.45 was used for all
samples with the same procedure and steps (Figure 11). Additionally, another supporting
data from RT-PCR also suggest the same result. The cDNA from TNBS group mice
showed higher levels of TIM-4 compared to the ethanol control group either visually with

agarose gel visualization or semi-quantitatively through SYBR green staining (Figure 12).
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Figure 8. Immunohistochemistry staining results. Staining using TIM-4 antibodies (green)
and nuclear staining with PI (red) for (A) Naive colon, (B) TNBS colon, (C) isotype IgG.
All data are presented as means + SE, n=9-10. *P < 0.001
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Figure 9. Flow cytometry analysis. (A) Population comparison between naive (blue line)
and TNBS LPMC (shaded area) TIM-4+ cells expression, (B) naive LPMC TIM-4+
population in percentage, (C) TNBS LPMC TIM-4+ population in percentage, (D)The
bars indicate the frequency of positive staining cells. All data are presented as means +

SE, n=22-25. *P<0.001
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Figure 10. Western Blot for TIM-4 expression. All data are presented as means + SE, n=
10=12. *P < 0.001
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Figure 11. RT-PCR result for TIM-4 expression. All data are presented as means + SE, n=

12-14. *P<0.01
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4.2 Treg expression in IBD patient and mice model

We also checked the FoxP3 expression using immunohistochemistry The results
showed that there was a significant decrease in FOXP3+ expression in the inflamed

intestine (Figure 12).

The population of Treg cells in TNBS colitis mice model showed similar result to
human. There was a significant decrease in Treg cells population in the TNBS colitis
colon compared to the ethanol control as shown by immunohistochemistry. FITC-bind
secondary antibodies were used to detect FOXP3 primary antibodies with green
fluorescence indicating positive staining. Isotype 1gG staining control group showed
specificity of the secondary antibodies by producing no positive stain (Figure 13). From
flow cytometry result, the decrease in Treg population after TNBS injection was
significant compared to the ethanol control group (Figure 14). These results from both
mouse and human samples were consistent with the findings by several other

investigators about Treg population decrease in IBD patients and colitis mice.**®
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Figure 12. Immunohistochemistry staining results. Staining with FoxP3 antibodies (green)
and nuclear staining with PI (red) for (A) non-inflamed colon, (B) inflamed colon, (C)
isotype 1gG. All data are presented as means + SE, n=8-9. *P < 0.001
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Figure 13. Immunohistochemistry staining result. Staining using FoxP3 antibodies (green)
and nuclear staining with PI (red) for (A) Naive colon, (B) TNBS colon, (C) isotype IgG.
All data are presented as means + SE, n=9-11. *P < 0.001

40



Natasha Nurtanio Medical Sciences Program
Master’s Thesis McMaster University

coA4
CD4

Positive colls (%)
§F %

T

-

)

Figure 14. Flow cytometry analysis. (A) Naive LPMC CD4+FoxP3+ population in
percentage, (B) TNBS LPMC CD4+FoxP3+ population in percentage, (C) scatter plot
analysis. All data are presented as means + SE, n= 22-25. *P < 0.001

4.3 TIM-4 and FOXP3 expression in M-HS cell line

After confirming the results in mice model, we further carried out the
investigation of TIM-4 on its role in the intestinal inflammation. We started the in vitro
study using M-HS macrophage cell lines co-cultured with either apoptotic IEC cell lines
and non-apoptotic cell lines to see whether macrophages exposure to apoptotic cells
would increase the expression of TIM-4. M-HS cell line expresses CD11b on its surface

so that can be visualized under fluorescent light after stained the cells with FITC-
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conjugated CD11b antibodies to differentiate M-HS cell lines from IEC cell lines (which
do not express CD11b (Figure 15)). Significant increase in TIM-4 expression in M-HS
was found after 3 day co-culture with apoptotic IEC. Induction of apoptosis was
conducted by exposing the culture flask with UV light for 30 minutes. Using flow
cytometry to confirm the apoptosis rate by staining early apoptosis cells with annexin V
which had the ability to bind to PS and double-stained with PI to stain the late apoptotic
cells. After UV light exposure for 30 minutes, 20% IECs underwent apoptosis (Figure 16).
Higher expression of TIM-4 was found when co-cultured apoptotic IEC with naive
LPMC; but no significant different in the non-apoptotic group compared to M-HS alone.
This result suggested that TIM-4 was expressed on macrophage in response to the

presence of apoptotic cells (Figure 17).

Figure 15. Immunostaining result. M-HS cell lines stained with anti-TIM-4 PE (red) and
anti-CD11b FITC (green) before co-culture with apoptotic IECs
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Figure 16. (A) Double staining with immunohistochemistry. M-HS cells were stained
with anti-TIM-4 PE (red) and anti-CD11b FITC (green) after co-culture with apoptotic
IECs, (B) annexin V FITC staining (green) and PI (red) in the apoptotic IECs group after
20 minutes UV light exposure, (C) flow cytometry results of IECs after 20 minutes
exposure to UV light. All data were presented as means + SE, n= 6. *P < 0.001
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Figure 17. Flow cytometry analysis. M-HS TIM-4 expression in non-apoptotic IECs was
lower compared to apoptotic IECs and showed no difference with M-HS alone group. All
data were presented as means + SE, n = 8-9. *P<0.01, **P < 0.001

In the same population of co-cultured cells of apoptotic IEC, M-HS and naive
LPMC, the CD4+ FoxP3+ Treg cells population was significantly decreased compared to
other groups; there was no significant difference in the Treg population of non-apoptotic
IEC group compared to naive LPMC alone (Figure 18). Both IEC and M-HS used in this
in vitro test did not express CD4 and FoxP3 so the number shown in the result was from
the naive LPMC only. As for TIM-4 expression, naive LPMC was not the only source of
TIM-4 because M-HS expressed TIM-4 hence the higher number shown in the co-culture

population was not quite representative.
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Figure 18. Flow cytometry analysis for Treg population. After co-culture with apoptotic
IECs the population was less than that in non-apoptotic IECs co-cultured M-HS and in
naive LPMC control. All data were presented as means + SE, n=8-9. *P < 0.01

4.4 TIM-4 and Treg expression in vivo

After the confirmation that there was an increase in TIM-4 in M-HS when
exposed to apoptotic cells in our in vitro study and when this population was co-cultured
with naive mice LPMC caused the number of CD4+ FoxP3+ Treg cells decreased, our
study continued to the in vivo test using half dose TNBS colitis model with and without
TIM-4+ M-HS pre-treatment and using TIM-4 neutralizing antibodies to block the TIM-4

receptors prior to the full dose TNBS colitis induction.

For the first group with external TIM-4 injected, we induced colitis in mice using
half dose TNBS and injected TIM-4+ M-HS cell lines one day before the colitis induction.
As a control, we used TIM-4- M-HS injected one day prior to TNBS half dose colitis

45



Natasha Nurtanio Medical Sciences Program
Master’s Thesis McMaster University

induction and another group without MHS injection one day prior to TNBS half dose
colitis. And for the second group we injected TIM-4 neutralizing antibody to block the

TIM-4 receptors then introduced full dose TNBS on the next day.

In addition, to confirm that the M-HS cells injected through the tail veins travelled
to the intestine, the cells were pre-stained with carboxyfluorescein succinimydil ester
(CFSE) prior to injection. Using immunohistochemistry technique we found those green
fluorescent positive cells in the mice intestinal tissue and mostly resided in the intestinal
lamina propria and lymphoid tissues. In addition to staining with CFSE, we also did
double staining with mouse macrophage marker F4/80 antibodies to confirm the staining
specificity (Figure 19). By using this staining approach, external macrophage originating
from M-HS cell lines, which previously stained with green fluorescent CFSE and also
express F4/80, in greenish-yellow color which was usually mistaken for non-specific

staining.
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Figure 19. Mouse intestine immunohistochemistry staining. Staining with PE-conjugated
F4/80 antibodies and CFSE pre-stained M-HS [Top], and mouse intestinal lymphoid
tissue immunohistochemistry with CFSE pre-stained M-HS [Bottom].

From the flow cytometry results, we found that there was an increase in the TIM-4
expression in the TIM-4+ M-HS-treated mice compared to both control groups and less
expression of TIM-4 in the group injected with TIM-4 neutralizing antibodies which
indicates that the exogenous TIM-4 arrived the intestinal lamina propria and the
neutralizing antibodies were able to blocked the TIM-4 on the surface of APCs (Figure

20). There was also a decrease in CD4+ FoxP3+ Treg cells in the LPMC of the M-HS
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treated mice intestines compared to control groups and in the group injected with anti-
TIM-4 antibodies a day prior to TNBS colitis the population of Treg cells increased

significantly even with full dose TNBS induction (Figure 21).

TIM4 LPMC
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Figure 20. TIM-4 flow cytometry analysis. TIM-4 expression compared in all experiment
groups. All data are presented as means + SE. *P < 0.05, **P<0.01, ***P<0.001
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Figure 21. Treg flow cytometry analysis. Treg population compared in all experiment
groups. All data were presented as means + SE. *P < 0.05, **P<0.01, ***P<0.001

We also found the same result in western blotting, RT-PCR, and IHC. In western
blotting result, the expression of TIM-4 in the anti-TIM-4 neutralizing antibodies group
was significantly decreased to the point of almost equal to the ethanol control group.
Whereas the TIM-4+ M-HS half dose group showed significant increase compared to the
controls. The expression of FoxP3 on the other hand was not quite similar to the flow
cytometery where the TIM-4- M-HS control group showed an increase of Treg cells
population almost like the number shown in the ethanol control group and anti-TIM-4
group (Figure 22). In RT-PCR the expression of Foxp3 in anti-TIM-4 group was
significantly increased and in the TIM-4- M-HS half dose group where there were
adoptively transferred lung macrophages the population of Treg was increased compared
to the controls that was only injected with TNBS half dose (Figure 23). From

immunohistochemistry staining, the result was quite similar to the other with an increased
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Treg population in the anti-TIM-4 group and lower Tregs in the TIM-4+ M-HS half dose

group compared to the other 2 control groups (Figure 24).
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Figure 22. Western blot for TIM-4 and FOXP3. All data were presented as means + SE.
*P < 0.05, **P<0.01, ***P<0.001

51



Natasha Nurtanio Medical Sciences Program
Master’s Thesis McMaster University

Naive TNBS  TIM4-/+ TNBS-h MHS-h MHS-ctr!

TIM4 RT-PCR FOXP3 RT-PCR
20004 3000+ .

5 ‘m‘ 7.. ! T
2 20004

§ §

& 10004 % . .
§ 1o00- ]

g ] § 1000 s ‘
o E::

o [T coemn L

dd— Y ' -
Naive  TNBS TING J» TNES half MHS hat MHS-ctrt Naive TNBS TIM4 J+ TNES-half MHS-half MHS-ctrt

Figure 22. RT-PCR result for TIM-4 and FOXP3. All data were presented as means + SE.
*P < 0.05, **P<0.01
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Figure 24. Immunohistochemistry result in all experiment groups. All data were presented
as means = SE. *P < 0.001
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Figure 25. Mice weight loss from all experiment groups. N=12-15.

Data from the weight loss showed that in the anti-TIM-4 group the steep decrease
on the second to the third day did not exist, and the group with adoptively transferred
TIM-4- M-HS did not show any sign of weight loss. Another interesting point was that
the group with adoptively transferred TIM-4+ M-HS and half dose TNBS colitis model
did not recover their weight after the third day which normally happened in the full dose

TNBS model (Figure 25).
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Furthermore, the alteration of TIM-4 expression in the group that anti-TIM-4
antibodies was injected showed a significant change in the T effector cells population as
well as the regulatory T cells in the opposite manner. With the full dose of TNBS-colitis
induction, the population of both Th1l and Th2 arms in this group did not increase much
compared to the full dose TNBS-colitis model. Additionally, in the group that TIM-4+ M-
HS cell lines were injected prior to half dose TNBS induction showed a significant

increase in Thl and Th2 population (Figure 26).
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Figure 26. Flow cytometry analysis. Result for Th1l and Th2 population in all experiment
groups. All data were presented as means + SE. *P < 0.05, **P<0.01, ***P<0.001
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V. DISCUSSION

5.1 Colitis in human and mice model

Colitis induction in mouse models using TNBS is a common experimental
procedure that has been used for more than 20 years. TNBS is a hapten that is highly
polarized and easy to bind to any kind of protein. TNBS injection to the colon using a soft
tube diluted in 50% ethanol is the most commonly used colitis induction procedure. Many
modifications have been suggested to increase the efficacy of the colitis symptoms,
however the model itself still lack the similarity to the real colitis in human.'®? IBD is a
chronic inflammatory disease characterized by increased PMN, macrophages and
lymphocytes infiltration in the mucosa layer of the intestine with increased release of pro-
inflammatory cytokines such as TNF-o, IFN-y, IL-17, and 1L-2.1%3!% The inflammation
in mice model colons induced by TNBS was shown to be severe with infiltration of pro-
inflammatory cells, destruction of the mucosal structure, and edema; which was very
similar to the IBD colon biopsy histological structure. The result from the weight loss and

MPO also confirmed the severity of the inflammation in the colon.

The increase of TIM-4 expression in both IBD patients and colitis mice intestines
is a novel finding which previously has not been published. While the interaction between
TIM-4 and TH2 cells in food allergy is established,** however TNBS colitis itself is
often claimed as a TH1 response.® Therefore using TNBS model to develop a colitis in
mice to look into the expression rate of a TH2 related molecule is worth investigating

considering TIM-1 were also expressed on TH1 cells only not so much as in TH2 cells.*®
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5.2 Treg expression in the development of colitis

The small Treg population in colitis plays a role in the increased proliferation of
the T effector cells because Treg cells maintain the gut tolerance by suppressing the
number of excessive Thl, Th2 and Th17 cells proliferation.*®*®" When the immune
property balance is distorted because of the decreased proliferation of Treg cells, the other
arm of the immune system flourishes.”® Thl and Th2 cytokines were found to be
markedly increased in IBD, indicating that the disease was not the main property of
innate immune response only but also adaptive immune response dependent. Heller et al.
found that there was a significant increase of IL-13 and IL-4 in UC patients suggesting
that this subtype of IBD is Th2 dependent and the increase of IL-13 was the main cause
of increased IECs apoptosis in UC cases.*® From the TH1 arm, interferon-gamma also
was found to be able to induce epithelial cell apoptosis.’® In the anti-TIM4 experiment
group where TIM-4 receptor were blocked, the Treg population decreased after colitis
induction but less than the decrease in the TNBS model mice which were given the same
dose and administration of TNBS. Furthermore, in the group where external TIM-4 were
administered, the Treg population decreased significantly compared to the control groups
that only received TNBS half dose and M-HS without TIM-4 expression. From the
histological findings the inflammation severity increased when Treg number was low.
Hence from this finding, it is implied that TIM-4 expression is associated with Treg
population in mice colitis. However, the causal relationship between the two still remains

elusive.
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5.3 TIM-4 and T Effector Cells

After colitis induction, gut tolerance which in normal condition is anergic to
certain commensal flora become active and responds to these microorganisms causing
influx of inflammatory cells and release pro-inflammatory cytokines. In normal condition,
phagocytes will clear up all the apoptotic bodies in the system without releasing any pro-
inflammatory cytokines. However, in colitis the large number of apoptotic IECS may

cause more than the usual clearance burden to the macrophages.'**'*

Like mentioned above, TIM-4 is expressed mainly in APCs and act as PS
receptors that help to enhance the phagocytosis by macrophages. TIM-1 is a TIM-4 ligand
that is expressed in T effector cells.'*® Previous studies also found that the binding of
those two molecules will increase the hypersensitivity response in food allergy.''®*%
Interestingly, TIM-1 is also a PS receptor that once exposed to apoptotic cells may induce

immune hyperreactivity.?

The decrease in Treg expression and the significant weight loss showed that Treg
is crucial in the process of remittance of the disease. Even though there was still a
possibility that the Treg cell depression was not directly caused by the excess TIM-4 and
the increased number of macrophages may also be responsible in the reduced number of
Tregs, but our in vitro data showed that the possibility of TIM-4 taking part in the
reduction of Treg cells is quite significant. The increased TIM-4 expression is probably
caused by the increase in apoptotic IECs in colitis and related to the decrease in the

number of Treg population in the gut which finally switches the immune balance to the
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inflammation state. In our in vivo model, by injecting more TIM-4 into the mice, which
resulted in further Treg depression; from the mice weight loss data, three days after colitis
induction, the mice weight recovered in the control but not in the TIM-4-M-HS group.
Interestingly, the alteration in the TIM-4 expression rate not only affects the Treg
polarization but also TH1 and TH2 cells. TNBS model has never been considered
resulting in a TH2 response, however in this study we demonstrate otherwise. The full
mechanism of how TIM-4 expression is related to the decrease in Treg and increase in

TH1 and TH2 still need further investigation.
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V1. SUMMARY AND FUTURE DIRECTION

This project is a continuation of the previous studies done by the Yang group
which focus on the role of TIM-4 glycoprotein in the pathogenesis of intestinal
inflammation. TIM-4 which is expressed by macrophage is able to detect apoptotic cells
through its immunoglobulin domain PS receptor. In IBD, the number of apoptotic IECs
was found to be markedly increased. In our study, we found that the increase in apoptotic
IECs in colitis when exposed to macrophage increased the number of TIM-4 expression
to enhance the phagocytic activity in macrophage. This process eventually decreased the

Treg cells population in both our in vitro and in vivo study.

Developing colitis in TIM-4 -/- mice strain and developing mice with TIM-4 over-
expressed gene may be considered in the future. Additionally, To find out the expression
of TIM-1 in T effector cells after colitis induction may be useful in understanding the

underlying adaptive immune respond mechanism.
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