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1) ABSTRACT
The interaction between EMILIN1 and α4β1 integrin: molecular mechanisms,
colitis and inflammation-associated colorectal carcinogenesis.
The extracellular matrix protein EMILIN1 is the most extensively studied member of
the elastin microfibrillar interface proteins (EMILINs) both from the structural and
functional point of view. The structure of the gC1q of EMILIN1 solved by NMR
highlights unique characteristics compared to other gC1q domains: the residue E933 is
the only responsible of the interaction between gC1q and α4β1 and, contrary to integrin
occupancy that usually up-regulates cell growth, when gC1q is ligated by the integrin
the cells reduce their proliferative activity.
My thesis focuses on this function and, in vitro, I demonstrated that EMILIN1 wild type
transfected human SK-LMS-1 fibroblasts presented a lower proliferation rate compared
to mutant E993A clones. The integrin α4 expressed on fibroblasts interacted with the
gC1q and determined a reduced proliferation. Furthermore the gC1q domain exerted an
anti-proliferative activity also for α4 transfected colon cancer derived cells.
I planned a DSS induced colitis experiment and a two steps colon carcinogenesis model
(AOM plus DSS) to demonstrate that the lack of the interaction between EMILIN1 and
α4 determined an enhanced proliferation also in vivo in a transgenic mouse where the
gC1q domain of EMILIN1 had the E933A mutation, thus not able to interact with α4. I
determined the quality and quantity of inflammation in the colitis model, during acute
and chronic DSS treatment, and demonstrated that E933A transgenic mice present a
much more severe clinical and endoscopic inflammatory disease with a hyperinflammatory status likely linked to an elevated CD8 T cells although, quite
surprisingly, they were much less prone to tumor development compared to wild type
littermates.
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2) INTRODUCTION
The extracellular matrix (ECM) includes constituents like collagens, elastin,
proteoglycans, and glycoproteins that provide a supporting network in which cells exist
(Li et al. 2007; Zhang and Huang 2011). ECM is a substrate for cell anchorage and
serves as a tissue scaffold, but it also elicits profound influences on cell behaviour and
affects cell growth, differentiation, motility, and viability (Bissell et al. 2005; Marastoni
et al. 2008; Hynes 2009; Cukierman and Bassi 2010).
The interaction of the ECM to the cells requires transmembrane cell adhesion proteins,
the integrins, that are important receptor proteins that translate chemical and physical
cues from the ECM into biochemical signals that regulate many interrelated cellular
processes (Legate et al. 2009). An integrin molecule is composed of two noncovalently
associated transmembrane glycoprotein subunits called α and β. The binding of
integrins to their ligands produces a variety of downstream signalling events: for
instance, integrins activate survival pathways via the PI3K and MAPK pathways and act
as essential cofactors for growth factors stimulation (Legate et al. 2009; Levental et al.
2009; Provenzano and Keely, 2011).
2.1) α4β1 INTEGRIN RECEPTOR
Found on virtually every cell type, integrins are αβ heterodimeric cell membrane
receptors which mediate cell interaction with extracellular matrix (ECM). They sense
the composition and the mechanical tension within the pericellular milieu, and transmit
this information intracellularly to signalling pathways which regulate cell fate by
influencing cellular motility, apoptosis, differentiation as well as cell proliferation
(FIGURE 1) (Moreno-Layseca et al. 2014). They are involved in adhesion to ECM
components (i.e., Fibronectin, Laminin, Collagens, Vitronectin) but can also participate
in certain cell-cell contacts (i.e. Vascular-Cell adhesion molecule, VCAM; Intracellular
Cell Adhesion, ICAM) (Petit et al. 2000). Integrins recognize aspartic-acid or glutamicacid based sequence motifs in structurally diverse ligands. Integrin recognition of most
ligands is divalent cation dependent and conformationally sensitive (Arnaout et al.
2002). There are 18 α subunits and 8 β subunits expressed in various combinations on
the surfaces of cells. The integrin superfamily is divided into three families: the Very
late Activation (VLA) family (β1), The Leucam family (β2) and the Cytoadhesin family
(β3); beta subunits 4-8 are not yet classified into families.
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The integrin VLA-4 (Very Late Activating Antigen-4, α4β1) is a non covalent
heterodimer of the α4 (155 kDa) and β1 (150 kDa) subunits. α4β1 is predominantly
expressed on circulating leukocytes and was for a long time consider an exclusive
leukocyte integrin, but now there are data available that demonstrates that this integrin
is expressed in others normal tissues as well as their tumoral counterparts; α4β1 is
expressed i.e. in colon and on many other migratory cell types (i.e.neural crest cells and
their derivatives, smooth muscle cells of newly formed blood vessel, epicardial
progenitor cells, etc) (Pinco et al. 2002; Holzmann et al. 1998). α4β1 binds on activated
endothelium primarily to the cell surface immunoglobulin Vascular Cell Adhesion
Molecule-1 (VCAM-1) and the CS-1 splice variant of extracellular matrix protein
fibronectin (Stephens et al. 1999; Clark et al. 2000; You et al. 2002; Yang et al. 2003).
Thus, α4β1 and its interactions play important roles during cardiac development,
myogenesis, hematopoiesis, lymphopoiesis, immune response (lymphocytes trafficking
and activation during inflammation) and embryogenesis. Although an important role for
α4β1 in cell migration has been well documented, the precise molecular mechanism that
promotes α4β1-dependent cell migration in a complex/focal adhesion independent
manner remains to be fully clarified. However, these unusual biological properties seem
to depend on the interaction between α4 cytoplasmic domain and paxillin, a signalling
adaptor protein (Pinco et al. 2002; Hsia et al. 2005).
Considered its particularly prominent role in the immune system, it is inevitable the
involvement of α4β1 in the pathogenesis of chronic inflammatory diseases such as
colitis, asthma, psoriasis allergy, arthritis, atherosclerosis, autoimmune encephalitis and
transplant-rejection (Masumoto et al. 1992; Yusuf-Makagiansar et al. 2002).
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2.1.1) Main ligands
α4β1 integrin is a key receptor for several ligands, i.e. VCAM-1, Fibronectin (in
particular the HepII/IIICS region), Fibrinogen, Osteopontin, Annexin-1, MAdCAM-1
(Mucosa Addressin Cell Adhesion Molecule), Von Willebrand Factor (VWF),

the

disintegrinic peptide EC3 and EMILIN1 gC1q Domain. Binding to VCAM-1 is very
important due to its tissue localization on the activated endothelium (Hamann et al.
1994), the involvement in extravasation phenomena and its potential therapeutic role
(Komoriya et al. 1991; Makarem et al. 1994; Williams and Barclay 1988; Clements et
al. 1994). The key VCAM-1 binding site is the tripeptide motif sequence IDS. This
sequence is homologous to the LDV active motif on the CS-1 peptide of FN, suggesting
that α4β1 may interact with FN and VCAM-1 through a similar mechanism.
2.1.2) Therapeutic potential for α4β1 antagonists
Although steroids and other anti-inflammatory drugs with broad-spectrum activities are
effective in treating numerous inflammatory diseases, long-term usage is known to have
unacceptable side effects, such as greater risk of infection caused by impairment of
phagocytic leukocyte migration and function. Therefore, it is desirable to develop drugs
that more selectively inhibit specific cellular functions without affecting normal
immune surveillance in the treatment of chronic inflammatory disorders. Leukocyte
recruitment into the inflamed tissue is an essential physiologic process, however, this
beneficial response can also lead to a chronic and detrimental inflammatory process.
Since it appears that leukocyte infiltration is a key factor in the pathogenic process of
many allergic and inflammatory disorders, finding inhibitors that target α4β1 has been
the focus of many pharmaceutical companies. The association of α4β1/VCAM-1 in
numerous animal models of human diseases is well documented. The positive clinical
results thus far reported for the anti- α4 antibody, Natalizumab, in multiple sclerosis and
Crohn’s disease confirm an α4β1 role in these diseases (Desilva et al. 2008, Conway
and Cohen 2010). Also cyclic and linear peptides derivatives that contain the essential
binding sequences found in VCAM-1 (IDS) and Fibronectin (LDV) have demonstrated
a variety of potent α4β1 antagonistic functions (Wang et al. 1995; Yang et al. 2003).
In this scenario, and in the light of the high adhesion strength subsisting between
EMILIN1 gC1q domain and α4β1, the present studies on the molecular mechanisms of
this interaction could contribute to the design of an EMILIN1 gC1q-derived minimal
fragment/peptide able to inhibit the α4β1 interaction with various ligands.
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2.2) THE EMILIN/MULTIMERIN FAMILY OF PROTEINS
Proteins containing the EMI domain, a sequence of approximately 80 amino acids that
includes seven conserved cysteine residues, are members of the ECM EMI-Domain
ENdowed (EDEN) family (Braghetta et al. 2004). This superfamily comprises seven
genes, which can be subdivided into three families on the basis of the major protein
domains. The first family is formed by Emu1 and Emu2 genes (Leimeister et al. 2002)
that except for the presence of an EMI domain do not share structural similarities with
the other EDEN members. The second family comprises only one gene EMILINtruncated (EMILIN-T) with a structure similar to the third larger family, but lacking the
C-terminal globular domain of C1q (gC1q). The third is the EMILIN/Multimerin
family. The members of this latter family are characterized by the presence of an EMIdomain at the N-terminus, a central part of the molecule is formed by a region of
approximately 700 amino acids, with high probability for coiled coil structures
presenting heptad repeats. This is followed by a 91-long residue sequence, including
two sequences corresponding to structures referred to as the leucine zippers. The finding
of leucine zippers is rather unusual especially for an ECM protein as there are very few
precedents in the literature reporting the presence of this type of regular spacing of
leucines outside the nuclear compartments (Colombatti et al. 2000). This region is
followed by the coil domain, an interrupted collagenous stalk of 17 GXY triplets. At the
end at the C- terminal there is the gC1q domain, a region homologous to the globular
domain of the complement (FIGURE 2). The EMILIN/Multimerin family includes
EMILIN1 (Colombatti et al. 1985; Bressan et al. 1993; Doliana et al. 1999), EMILIN2
(Doliana et al. 2001), Multimerin1 (MMRN1; Hayward et al. 1991, 1995), and
Multimerin2 (MMRN2; Sanz-Moncasi et al. 1994; Christian et al. 2001).
2.2.1) gC1q domain of EMILIN1
EMILIN1 was originally identified following the attempts to isolate extracellular matrix
(ECM) glycoproteins involved in the elastic tissue organization and in the interaction
with the surface of elastin producing cells. From the heterogeneous fraction of a
newborn chick aorta extract a 115 kDa glycoprotein (gp115) was isolated and
subsequently named Elastin Microfibril Interface Located proteIN (EMILIN) for its
specific localization at the interface between the amorphous elastin surface and
microfibrils (Bressan et al, 1993).
9

The globular C1q (gC1q) domain is a highly conserved structural conformation of
approximately 140 residues assembled into trimers. The gC1q domain is part of the
C1q/TNF superfamily and it displays very important characteristics (FIGURE 3).
The structure of the human EMILIN1 gC1q homotrimer was determine by a three
dimensional NMR approach (Verdone et al. 2004, 2008, 2009). Three mostly identical
gC1q subunits formed the quaternary structure of the complex. The most relevant
changes that occur between EMILIN1 gC1q domain and other gC1q (crystal) structures
solved to date are the reduction to nine (instead of ten) of the number of antiparallel
strands (A,A’,B’,B,C,D,E,G,H) and the presence of a peculiar unstructured loop
spanning from Y927 to G945.
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This sequence is unfolded, highly dynamic and highly accessible to solvent, with 10–11
residues protruding from the main globular structure making this region a good
candidate for hosting an interaction site. By site-directed mutagenesis experiments
focused on this segment the acidic residue E933 was identified as the site of interaction
between gC1q and the α4β1 integrin. Single mutation or even deletion of the loop
doesn't affect the gC1q overall domain structure.
The unstructured loop of EMILIN1, that is not present in others already determined
gC1q structures, is located at the apex of the homotrimer (FIGURE 3) and with the
E933 residue is responsible for the interaction with α4β1 integrin; to date this
interaction with an integrin is the only one known among gC1q domains.
2.3) INTERACTION OF gC1q WITH α4β1 INTEGRIN
The functions ascribed to the gC1q domain and to the others domain of EMILIN1 are
summarize in (FIGURE 4) to show the versatility of this glycoprotein (Colombatti et
al. 2012). EMILIN1 interacts with α4β1 via the globular homotrimeric C-terminus
gC1q domain (Spessotto et al. 2003, 2006; Verdone et al. 2008; Danussi et al. 2011).

A common feature to polypeptides with integrin binding capability is the presence of
exposed aspartic or glutamic acid residues that are usually placed in protruding loops of
the ligand (Leahy et al. 1996; Casasnovas et al. 1998). These residues are critical for
integrin recognition representing the common feature of ECM integrin ligands
(Humphries 1990; Humphries et al. 2006). The three dimensional conformation of the
active site on ligand–receptor binding is extensively demonstrated (in particular for
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RGD containing ligands: Humphries 1990; Leahy et al. 1996; Arnaout et al. 2007;
Barczyk et al. 2010).
Site-directed mutagenesis experiments in the aspartic acid sequence (e.g., RGD, LDV,
KGD, RTD, and KQAGD) and around it showed how these residues are fundamental
for integrin recognition: i.e., G in RGD or L in LDV (Pierschbacher and Ruoslahti 1984;
Komoriya et al. 1991; Cherny et al. 1993).
The substitution of a glutamic acid at position 933 (E933) with an alanine residue in the
gC1q domain made it no longer functional in cell adhesion assays and it is not
recognized by α4β1 integrin. In addition L932A mutant does not loose its cell adhesion
binding property and therefore was excluded the possibility that a linear tripeptide from
one single monomer as in CS-1 peptide of FN could represent the α4β1 ligand binding
site on gC1q. Several others mutant residues around E933 are still functional: in the
EMILIN1–α4β1 interaction is not present a short linear peptide consensus sequences
and this indicates that the α4β1 integrin binding site involves only a single residue
(E933) that seems to play a major role in the interaction gC1q–α4β1 (Verdone et al.
2008).
The structure of the human homotrimer EMILIN1 gC1q domain was solved using NMR
and revealed the location of residues E933 at the trimer apex in the unstructured loops.
The stoichiometry of three integrin molecules for a single gC1q trimer was ruled out for
steric reasons. Thus, were proposed two possible patterns of interaction: the
involvement of three E933 residues for a single integrin molecule engagement or the
need of just one E933 residue for a proper interaction with the integrin. The peculiarity
of the gC1q–α4 represents an unique type of interaction and prospects a new model for
the interaction geometry recognition between an integrin binding site and a functional
ligand located on a homotrimeric assembly (Colombatti et al. 2012).
2.3.1) Functional Consequences of the gC1q/Integrin Ligation in Cell Adhesion,
Cell Migration and Cell Proliferation.
When EMILIN1 interacts with α4β1 integrin, via the globular homotrimeric gC1q
domain, it promotes cell adhesion and migration. Cells attached to EMILIN1 display a
pattern of actin and paxillin distribution with accumulation of ruffles-inducing signals
and lack of polarization and of stress fiber formation (Spessotto et al. 2003). Among the
numerous cell types also trophoblast cells could attach with α4β1 integrin to EMILIN1:
particularly interesting and rather unexpected they very efficiently migrate toward
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EMILIN1 without any prior artificial cellular activation (Spessotto et al. 2006).
In contrast to a large body of evidence that signals generated by ligand-activated
integrins are in general pro-proliferative (Clark and Brugge 1995; Walker and Assoian
2005; Gilcrease 2007; Streuli 2009), the interaction α4β1 integrin / EMILIN1
downregulates cell proliferation. The finding that EMILIN1 by the direct engagement of
the gC1q domain modulates skin cell proliferation points out a novel function of α4β1
(Danussi et al. 2011). There is an increase of Ki67 positive cells in epidermis and
dermis in Emilin1−/− mice, this is accompanied by reduction of PTEN phosphatase and
strong up regulation of pErk1/2. The mechanism proposed in FIGURE 5 show that the
presence of EMILIN1 by its gC1q domain and integrin occupancy result in reduced
fibroblasts and keratinocytes proliferation by an integrin-dependent increased of PTEN
and inhibition of the pEKR1/2 pro-proliferative activity. When gC1q doesn't interact
with α4/α9 integrins there is downregulation of PTEN that determined activation of
proliferative pathways such as pAkt and pErk1/2. In turn pErk1/2 phosphorylates
Smad2 at inhibitory Ser245/250/255 residues and reduces the signalling of TGF-β.
Accordingly, targeted inactivation of the Emilin1 gene in vivo induces dermal and
epidermal hyperproliferation compared to WT mice where a decreased proliferation of
basal keratinocytes and dermal fibroblasts was observed, this scenario seems to be
correlated to the downstream changes shown in FIGURE 5 (Colombatti et al. 2012).
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2.4) EMILIN1 MOUSE MODELS
The role of EMILIN1 gC1q was further investigated in vivo; KO mice were generated
and found that the lack of EMILIN1 results: i) in a mild phenotype of lymphatic
capillaries (Danussi et al. 2008) and vessels (Danussi et al. 2013) with increased
lymphatic endothelial cell proliferation and ii) in a skin hyper proliferative phenotype
(Danussi et al. 2011). The last phenotype is strictly dependent on the lack of gC1q.
2.4.1) EMILIN1 in lymphatic vessel function
Targeted inactivation of the Emilin1 gene in the mouse display no lethal abnormalities
(Danussi et al. 2008; Zacchigna et al. 2006; Zanetti et al. 2004) but induces multiple
phenotypes characterized by: decreased diameter of arterial vessels and systemic
hypertension (Zacchigna et al. 2006); structural and functional defects of the lymphatic
vessels with a

reduction of anchoring filaments (Afs), enlargement of lymphatic

capillaries and alterations of the luminal valves of the collectors, with myofibrillar
differentiation and proliferation (Danussi et al. 2013).
These alterations are associated with inefficient lymph drainage, enhanced lymph
leakage, and lymphedema. Notably, this was the first abnormal lymphatic phenotype
associated with the deficiency of an ECM protein.
2.4.2) EMILIN1 in skin homeostasis
The skin of mice homozygous for disruption of Emilin1 revealed increased thickness of
epidermis and dermis. Emilin1 interaction with α4β1 (expressed on fibroblasts) provides
an antiproliferative signal that seems likely involved in the maintenance of a correct
homeostasis between proliferation and differentiation (Danussi et al. 2011). This is in
sharp contrast with a large body of evidence that signals generated by ligand-activated
integrins (Walker et al. 2005, Zouq et al. 2009), including α4β1 (Boehmler et al. 2009),
are in general pro-proliferative.
In vitro co-cultures of keratinocytes expressing α4 with wild type EMILIN1- producing
fibroblasts inhibits proliferation. The EMILIN1 gC1q domain inhibits cell proliferation
through the interaction with the α4 only by “contact” and not by “transwell” (so that the
two cell types are physically separated). Proliferative and anti-proliferative signals
occur simultaneously and the latter, EMILIN1/gC1q ligation in this case, can override
the proproliferative signals only when they reach a certain threshold (Muller et al.
14

2008). The lack of EMILIN1 accelerates tumor development and increases the number
and size of skin tumors compared to WT mice in a two-step skin tumor carcinogenesis
protocol (Danussi et al. 2013). EMILIN1 deficiency in these mice implies the lack of
EMILIN1 ligation to α4β1/α9β1 integrins and presented a pro-tumorigenic environment
that causes aberrant skin homeostasis.
Functional studies reported PTEN as a critical tumor suppressor for skin cancer in
humans and in mice (Di Cristofano et al. 1998; Segrelles et al. 2002; Suzuki et al. 2003)
by negatively regulating signal pathways involved in cell proliferation (Schindler et al.
2009).
PTEN downregulation was seen in Emilin1−/− mice also in the skin tumor environment:
it seems likely that the mechanisms controlling the homeostasis of cell proliferation and
the enhanced tumor development when EMILIN1 expression is genetically or
functionally knocked down depends on the unique mode of gC1q–α4β1/α9β1 integrin
interaction (Colombatti et al. 2012).
2.5) INFLAMMATION-ASSOCIATED COLORECTAL CANCER
The colitis-associated cancer (CAC) is characterized by poor prognosis and a relatively
high mortality rate of ~50%. The persistent cycles of tissue damage and repair lead to
molecular events that drive precursors lesions to cancer. In colitis associated cancers,
continuous tissue destruction and renewal along with oxidative damage can trigger
mutagenesis and cancer initiation (Lakatos et al. 2014; Risques et al. 2011) so that the
competitive benefit of mutations during tumor initiation is dependent on the contextual
(i.e. inflammatory) microenvironment in which they arise as shown in a dextran sodium
sulphate (DSS) model (Vermeulen et al. 2013). Chronic inflammation contributes to
tumorigenesis at all stages. It takes part to cancer initiation by generating genotoxic
stress, to cancer promotion by inducing cellular proliferation, tissue repair and secretion
and deposition of extracellular matrix (ECM) molecules, and to cancer progression by
enhancing angiogenesis and tissue invasion (Grivennikov et al. 2010). Here, the
immune system plays a dual role (Hagerling et al. 2014): it can not only suppress tumor
growth, but also promote tumor progression, either by selecting for tumor cells that are
fit to better survive or by establishing a local immunosuppressive environment,
achieved by secretion of immunosuppressive soluble mediators despite systemic
immunocompetence (Schreiber et al. 2011). These molecules include among others
15

TGF-β, which suppresses effector NK-cells, DCs and T-cells, IL-10, able to inhibit T
cells and VEGF, that leads to increased angiogenesis. Progressing tumors often attract
regulatory and suppressive immune cells (Vesely et al. 2011).
2.5.1) α4β1 expression in human colon cancer
α4β1 is predominantly expressed on circulating leukocytes and its important role in cell
migration has been well documented (Pinco et al. 2002; Hsia et al. 2005). There are
several studies that identified ITGA4 expression in colon tissue and its methylation in
colitis and colon adenomas/carcinomas. Methylated ITGA4 of tissue is present in 75%
of colon adenomas, 92% of colon adenocarcinomas and 6% of colon mucosa (Zhang et
al. 2015). Methylated ITGA4 in the fecal sample was found in 69% (9/13) of patients
with colon adenomas and in 21% (6/28) of patients with no polyps (Ausch et al. 2009).
This conditions decreases the expression of ITGA4 gene expression.
Previous studies have demonstrated that ITGA4 is hypermethylated also in inflamed
colon tissue/colitis (Gerecke et al. 2015) and that the treatment with anti-α4 antibodies
further aggravate colitis by IL-1β, TNF-α, and IFN-γ producing cells recruitment
(Bjursten et al. 2005). Conversely, the treatment with α4 antibodies in combination with
conventional therapies alleviates colitis by suppression of IL-1β and iNOS in mouse
models (Gillberg et al. 2013). Since these anti-inflammatory genes are constitutively
hypermethylated in tumors of CAC patients, these proteins could potentially drive CAC
initiation and progression and thereby serve as targets for pharmaceutical intervention
and therapy.
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3) AIM OF THE STUDY
It was reported that when EMILIN1 interacts with cells expressing the α4β1 integrin
there is a significant downregulation of cell proliferation in a skin model. Colon cancers
were among the first tumors in which a functional link between inflammation, tumor
microenvironment and cancer progression had been noted. The overall objective of this
study was to analyze the mechanisms and the putative functional consequences of the
interaction between the extracellular matrix (ECM) protein EMILIN1 and the integrin
cell receptor α4β1. I hypothesize that the interaction EMILIN1/α4 could be potentially
involved in the regulation of colitis and colon carcinogenesis.
The present study is organized in two main sections:

•

In the first section I studied this interaction in in vitro experiments with two models:
an autocrine system with fibroblasts, in which cells expressing α4β1 deposit
EMILIN1 in the ECM, and a paracrine system with epithelial cells, in which α4β1
was transfected to increase its expression. In this latter model EMILIN1 is provided
as a recombinant protein substrate. In both models in vitro analyses on transfectants
cell lines, for EMILIN1 wild type (WT) or mutated and for wild type (WT) or α4
mutated, are presented in order to clarify the functional profile of α4β1-EMILIN1
interaction.

•

In the second section the role of this interaction is investigated first in experimental
colitis and then in a two-step inflammation-associated colorectal cancer in mice.

My hypothesis is supported by the evidence of a down-regulation of the expression of
EMILIN1 and α4 in some human colorectal carcinomas biopsies.
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4) RESULTS
4.1) STUDY OF THE AUTOCRINE INTERACTION IN FIBROBLASTS CELLS
It is known that during tumor development there is a derangement of the ECM (Cox et
al. 2011) that can contribute to the local dissemination of cancer cells and that some
integrins (i..e. α5β1 or αvβ3) are important for a proper ECM deposition (Ruoslahti and
Pierschbacher 1987; Ruoslahti 1999; Campbell 2008). To assess if also the α4β1
integrin has any specific role in the extracellular deposition and supramolecular
organization of EMILIN1, the molecular mechanism and the role of the α4 integrin
chain on fibrillar deposition and proliferation was first investigated in human SK-LMS1 cells. This cell type produces an organized ECM, comprising low levels of EMILIN1,
and presents moderately strong α4β1 expression levels providing us an autocrine model
to study the consequences of the interaction between EMILIN1 and α4β1. SK-LMS-1
cells were transfected with eukaryotic expression vector pCDNA-3 (hygro) containing
the human wild type (WT) EMILIN1 or the E933A mutant sequences (as described
under Materials and Methods) to obtain stable transfectant lines. The mutant E933A
form was used as a negative control since it has been reported that the E933A gC1q
domain is unable to interact with α4β1 (Verdone et al. 2008). Semi quantitative
evaluation of exogenous protein expression was performed analysing ECM protein
extracts by Western Blot (FIGURE 6A). I checked that during the experiments the
membrane α4 expression was maintained at high levels. The different clones were
assessed by FACS analysis and found to be high expressors (FIGURE 6B).
Subsequently, I investigated if the interaction between EMILIN1 and the α4β1 integrin
was necessary for a proper deposition and fibrillar organization of EMILIN1. Several
cell clones were grown on cover-glass slides (for three days) and were stained with
AS556 (a polyclonal antibody against human EMILIN1) for immunofluorescence
detection. The cellular clones expressing the wild type construct exhibited a complex
and well-organized EMILIN1 ECM fibrillar deposition with intermingled fine fibrils
throughout the matrix. On the other hand, clones containing the mutated constructs
showed altered EMILIN1 fibrillar deposition (FIGURE 7A). The EMILIN1
extracellular fibrils appeared short and fragmented with evidence of accumulation in
knots and the resulting overall network organization was severely compromised.
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Furthermore, the WT transfected cells presented a lower proliferation rate, measured as
the percentage of cells that are positive for Ki-67, compared to mutant E993A clones
(FIGURE 7B).
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These results suggest that the interaction between EMILIN1 and the α4β1 integrin is
necessary for a well organized deposition and the lack of this interaction results in
deranged EMILIN1 supramolecular organization and higher proliferation rates.
4.2) STUDY OF THE PARACRINE INTERACTION IN EPITHELIAL CELLS
In the above in vitro models the cells studied were able to produce and deposit
EMILIN1 and they engaged the α4β1 integrin in an autocrine manner. However in most
cases, and certainly in epithelial cancers, to investigate the consequences of this
interaction a different experimental setting is necessary since epithelial cells do not
produce EMILIN1. In epithelial tissues EMILIN1 is synthesized and secreted by
fibroblasts and cells that express the appropriate integrin can interact with EMILIN1. In
our paracrine model epithelial cells were transfected with α4 integrin chain and
EMILIN1 is provided as a recombinant protein substrate.
It is known that α4 is expressed on normal human intestinal epithelial cells (IEC) and it
is absent from several colon cancer cell lines (FIGURE 8).

For further experiments I selected two colon cancer cell lines, HT29 and SW480, which
possess a different membrane expression pattern of integrins as well as different
mutation profiles at relevant oncogenes (summarized in FIGURE 9).
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4.2.1) Selection of in vitro model
HT29 AND SW480, were transfected with the eukaryotic expression vector pCDNA-3
(G418) containing, respectively, the ITGA4 (the α4 integrin chain gene) WT or the
ITGA4 mutant sequences (deprived of the cytoplasmic tail) to obtain stable transfectant
lines. The aim here was double: to determine if the expression of the α4 integrin could
reduce the proliferation of cancer cells when confronted with EMILIN1; and to test if
the cytoplasmic tail of the integrin α4 chain is involved in the anti-proliferative
function. The clones selected, each from a different colon cancer cells lines, where
tested in a Western Blot analysis with two different antibodies, one for the C-terminal
and the other for the N-terminal of the integrin α4 chain.
As expected, both the α4 WT and the α4 mutated chains were recognized in
immunoblots of cell extracts by the α4 N-terminal antibody but only the α4 WT clones
were recognized also by the C-terminal antibody (FIGURE 10A).
I then checked if the integrin α4 chain was present at the cell membrane by FACS
analysis. The result underlines a medium level of cell membrane expression; thus, in
order to enrich for cells with the highest membrane expression I sorted the positive cells
for α4 (FIGURE 10B).
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4.2.2) Cells stably transfected with the α4 WT or the mutated integrin chain show
the same adhesion but different spreading
To check if the transfected integrin α4 chain was able to promote cell adhesion I used
the CAFCA assay, a well established assay of our laboratory to measure the percentage
of bound cells. The Jurkat cells express high levels of the α4β1 integrin and attach very
efficiently to gC1q/EMILIN1. Both HT29 and SW480 cells transfected with either the
α4 WT or the α4 mutated chain were able to bind to gC1q/EMILIN1, indicating that the
transfected integrin α4 chain was functional (FIGURE 11).
However, while the adhesive capability to the gC1q/EMILIN1 ligand of both WT as
well as mutated α4 integrin chain were comparable, the spreading onto the substrate,
measured in real-time by a cell-electrode impedance assay, was much higher in HT29
and SW480 α4 WT clones compared to the α4 mutated clones. This indicated that the
cytoplasmic tail of the α4 integrin chain is involved in the spreading signalling
(FIGURE 12).
Notably, the same clones on other ligands (ex: FN) had a different behaviour depending
on integrins expression on their membrane (FIGURE 12A): HT29 mock transfected
cells do not spread on FN; on the contrary, SW480 mock transfected cells spread on FN;
this different behaviour is due to the presence of the α5 integrin chain in the membrane
of these latter cells (FIGURE 9).
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4.2.3) Cells stably transfected with the α4 WT or the mutated integrin chain show
different proliferative capability
The proliferation activity was tested with three different approaches: the cell-electrode
impedance assay (able to monitor in real-time the cell proliferation), a soft agar colony
formation assay and a staining with the Ki-67 antibody.
The same cell-electrode impedance assay used to quantitate cell spreading is able to
monitor the proliferation capability if serum is added to the medium. Here, only the cell
clones expressing the integrin α4 WT chain interacted with the gC1q/EMILIN1 and
underwent increased doubling time compared to the cell clones expressing the mutated
integrin α4 chain (FIGURE 13A). The former clones displayed a reduced proliferation
rate measured as normalized cell index (data shown only for HT29 clones FIGURE
13B).
In addition I plated HT29 transfected clones in agar in the presence or in absence of
gC1q and the colonies of the cells transfected with the wild type α4 integrin chain were
significantly less in the presence of gC1q (FIGURE 13C); on the contrary the colonies
of HT29 transfected with the mutant α4 integrin grew to the same number under all the
experimental conditions (FIGURE 13D).
The proliferation rate of integrin α4 transfectants colon cancer cell lines was also tested
with the Ki-67 assay. The results are expressed as the percentage of cells that are
positive for Ki-67, comparing first of all HT29 and SW480 growth on different ligands:
Fibronectin and its domain CS-1, EMILIN1 and its domain gC1q and E933A mutated
EMILIN1 as negative control. A lower percentage of Ki-67 positive staining (10 – 20
%) was detected for cells growing on EMILIN1 and its domain gC1q compared to other
ligands (30 – 50 %) (FIGURE 14A and 14C). We also confirmed the reduced
percentage of Ki-67 only on gC1q in a time-course experiment at 24, 48 and 72 hours
(FIGURE 14B and 14D).
All these data confirm that the cytoplasmic tail of the α4 integrin is responsible for the
anti-proliferative capability when it interacts with EMILIN1 or its globular gC1q
domain.
Furthermore, the E933 residue is of great importance to bind α4 and to allow the antiproliferative activity of EMILIN1.

24

25

26

4.3) EMILIN1 SILENCES THE RAS-ERK PATHWAY VIA α4β1 INTEGRIN
4.3.1) Downstream effects of persistent cell adhesion to gC1q
To investigate the downstream signalling leading to reduced proliferation following
α4β1-dependent cell adhesion to EMILIN1/gC1q, HaCat keratinocytes persistently
adherent to gC1q were assayed (i.e. after 24h adhesion). Phosphorylation of FAK
(Tyr925) generates a binding site for SH2 bearing molecules and triggers a RASdependent activation of the MAP kinase pathway (Schlaepfer et al. 1994). Only FAK
(Tyr925) incremented if compared to polylysine attachment, whereas FAK (Tyr397) did
not change (FIGURE 15A). On the contrary, pERK1/2 was dramatically reduced on
gC1q at these late times of adhesion.

To test if the active form of HRas (HRasGTP) was involved in cellular signals triggered
by EMILIN1/gC1q, a HRasGTP pull-down assay was performed on HaCat cells plated
on gC1q or polylysine and analysed 24h after plating. HRasGTP increased in cells
plated on gC1q compared to polylysine (FIGURE 15B).
In addition to the HRasGTP 21 kDa band, an upper band of about 40 kDa was detected
by the anti HRas antibody (FIGURE 15B). Beside the canonical 21 kDa, RAS proteins
display a plethora of faster and slower bands corresponding to the post-translational
modified forms or to the mono- (30 kDa) and di-ubiquitinated (40 kDa) forms,
respectively (18-21). In our experiments the intensity of the 40 kDa band,
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corresponding to the di-ubiquitinated HRasGTP (HRasGTP-Ub) form, was several-fold
higher on gC1q compared to polylysine, suggesting that, following α4β1 integrin
activation as a consequence of cell adhesion to gC1q, HRasGTP could be ubiquitinated.
4.3.2) The HRas-ERK1/2 pathway is inactivated via the α4 integrin chain
To determine if the downstream consequences of cell adhesion to gC1q were dependent
on a mechanism specifically due to the ligation of the α4β1 integrin, we compared the
extent of di-ubiquitinated HRasGTP in cells adherent to gC1q to that detected in cells
adherent to collagen type I that uses a different integrin as cellular receptor. As depicted
in FIGURE 16 both the anti ubiquitin antibody as well as the anti HRas antibody
recognized proteins whose migration corresponded to the HRasGTP di-ubiquitinated
form. HRasGTP-Ub was 10 times less in cells adherent to polylysine as well as to
collagen type I compared to gC1q (FIGURE 16), suggesting that the α4 dependent
signalling was qualitatively/quantitatively distinct and specific. Accordingly, while the
ratio of HRasGTP-Ub/HRasGDP-Ub was about 0.5 in cells adherent to either
polylysine or collagen type I, this ratio was 10-fold in cells adherent to gC1q, indicating
that in α4 dependent cell adhesion there is a specific switch from RasGDP to RasGTP.
The results obtained so far strongly suggested that the α4β1 integrin dependent cell
adhesion to gC1q was responsible for the subsequent ubiquitination of the activated
HRas (HRasGTP) and this in turn down-regulated the extent of ERK1/2
phosphorylation, with an inverse correlation between the levels of these two molecules
(FIGURE 15).
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4.3.3) The gC1q ligated α4 integrin chain is physically linked to HRas
The cells were plated on polylysine, collagen type I, or gC1q for 24 hours and at the end
of the incubation the cells lysates were immunoprecipitated with the α4 antibody,
separated on a reduced 4-20% gel, and immunoblotted with anti HRas antibody. As
expected the α4 integrin chain was immunoprecipitated from cells adherent on every
ligand; however, the ubiquitinated form of HRas (40 kDa mass) co-immunoprecipitated
with the α4 integrin chain only in cells plated on gC1q (FIGURE 17). In fact, a band at
the expected molecular mass was detected in the lysate and in the unbound cell lysate
when probed with anti HRas antibody. Here, the HRasGTP and HRasGDP ubiquitinated
forms cannot be distinguished since the lysates were co-immunoprecipitated and not
pulled down for HRasGTP. However, as shown in FIGURE 16, it is very likely that the
co-immunoprecipitated HRas-Ub, in cells plated on gC1q, is primarily due to the
HRasGTP membrane-bound form.

To further examine the possible link between α4β1 dependent cell adhesion, RAS and
ERK1/2 activation, and cell proliferation, stably transfected HT29 cells were let adhere
to gC1q or collagen type I for 24h. Immunoblotting of cell extracts indicated the
following: the ratio of HRasGTP-Ub/HRasGDP-Ub in cells transfected with the wild
type α4 WT integrin chain and adherent on collagen type I was around 1.0; on the
contrary and in analogy with data obtained on HaCat cells (FIGURE 16), this ratio was
around 4.0 in cells adherent on gC1q (FIGURE 18). The likely explanation is that after
its activation HRas-GTP was directed towards ubiquitination. To confirm that this
pathway depended on the presence of a fully functional α4 integrin chain we examined
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cells transfected with the deleted α4 integrin chain. In this case the ratio of HRasGTPUb/HRasGDP-Ub in cells adherent on gC1q decreased accordingly compared to cells
transfected with the wild type α4 integrin chain (FIGURE 18).

To summarize, I confirmed the fundamental role of the residue E933A and of the
cytoplasmic tail of the α4 integrin and how they are involved in an anti-proliferative
function. Finally, I demonstrated that the interaction between α4 and EMILIN1
deactivates the MAPK pathway through HRas (FIGURA 19) and this pathway depend
on the presence of a fully functional α4 integrin chain.
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4.4) α4β1 AND EMILIN1 EXPRESSION HUMAN COLON
First, I demonstrated that α4 is expressed on intestinal epithelial cells (IEC) but it is
absent in several colon cancer cell lines (FIGURE 8). Then, I checked the expression of
α4 in human colon tissues and found that compared to normal tissues, in human tumor
colon samples there was a strong down-regulation of its expression (FIGURE 20A).
But what about EMILIN1? Even in this case I compared normal and tumor colon
human tissues and I observed a down-regulation in human tumor colon samples for
EMILIN1 (FIGURE 20B).

4.5) THE E933A TRANSGENIC MOUSE MODEL

In previous studies it was demonstrated that EMILIN1 plays a role in the homeostatic
control of cell proliferation in the skin (Danussi et al. 2011) and a protective effect in a
two-stage model of DMBA induced skin carcinogenesis (Danussi et al. 2012). To
further investigate the putative function of EMILIN1 in a different cellular setting, we
first determined that also colon crypts of FVB/N EMILIN1 KO mice compared to WT
littermates are larger and have more Ki67 positive cells suggesting that an EMILIN1
deprived microenvironment might promote higher tumor development also in colon.
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Emilin1 null mice have increased TGF-β levels (Zacchigna et al. 2006; Danussi et al.
2011) because of the lack of regulation on the pro-TGF-β processing. To verify the role
of EMILIN1 and in particular of the single E993 residue in the complex scenario of
colitis (inflammation) and colon cancer (inflammation associated colon cancer) a
E933/EMILIN1 transgenic mice (TG) was generated that could display normal TGF- β
levels while having highly reduced or no possibility to show cell adhesive capability for
α4β1. Very briefly, three independent mouse transgenic lines were generated and in one
of these the expression of the human Emilin1 gene was equivalent to that of the
endogenous murine gene (FIGURE 21). Mice were then crossed to EMILIN1 KO mice
in order to avoid the expression of the mouse EMILIN1 protein and have only the
expression of the mutated human E933A protein.

Several tissues of the E933A strain were checked for EMILIN1 expression by
immunofluorescence and the colon expressed the human transgenic protein at good
levels compared to the WT (FIGURE 22).
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4.5.1) EMILIN1 E933A transgenic mice present an hyperproliferative phenotype
in the colon
A comparative analysis between WT and TG colon specimens was performed.
Histological analysis of the colon of TG mice showed an increased epithelial thickness
(at day 30) compared with WT mice (FIGURE 23A). No differences were observed in
the number of active caspase-3–positive cells in the colon of WT and TG mice (not
shown); the thickness of mutant mice was associated with a marked increase in Ki-67
immunoreactive nuclei (FIGURE 23B e 23C). TG colon crypts displayed a significant
increase in the proliferation rate compared with WT suggesting that an EMILIN1
E933A microenvironment promotes an higher proliferative compartment in accord with
the skin model.
4.5.2) EMILIN1 WT and E933A newborn isolated mouse fibroblasts show altered
proliferation
Fibroblasts were isolated from the skin of newborn WT and transgenic E933A mice and
cultured for at least two weeks, then were grown on cover-glass slides for 48 hours and
were stained with the proliferation marker Ki-67 and α4 expression was analyzed by
FACS (FIGURE 24A).
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A higher proliferation rate in newborn fibroblasts isolated from E933A mice skin
compared to the fibroblasts isolated from WT mice was measured (FIGURE 24 B and
C). In this scenario, the expression of E933A mutated human EMILIN1 provides an ex
vivo proof of the anti-proliferative role of EMILIN1. The role of the interaction with α4
integrin is important for the anti-proliferative effect in fibroblasts.

4.6) DSS-INDUCED EXPERIMENTAL COLITIS
Considering the particularly prominent role of α4β1 in the immune system, I
investigated its involvement in colitis. To determine if the TG background influences
the extent of inflammation, WT and TG mice were acutely or chronically treated with
DSS 3% in the drinking water and clinical (DAI index) and endoscopic (MEICS index)
parameters compared.
In both acute and chronic inflammation DAI index was worse in TG than in WT mice
(FIGURE 25D and E): TG mice lost more weight and presented more rectal bleeding
and diarrhea. In addition, the level of colonic tissue destruction observed was
dramatically increased among TG mice, when examined at the termination of the acute
treatment (on day 7), as measured by the colon length (FIGURE 25B).
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To confirm the colitis disease I performed endoscopy in both treatments. Whereas WildType mice showed only mild alterations of the mucosal surface with a moderate murine
endoscopic index of colitis severity (MEICS), TG mice displayed signs of severe colitis
with higher MEICS score (FIGURE 26A). Accordingly, the endoscopy of TG mice
showed a thickening of the bowel wall, alterations of the vascular pattern, and a more
granular mucosa with high amounts of fibrin in the lumen (FIGURE 26B).
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The histopathological analysis are in line with the endoscopic findings of colon
samples. DSS chronically treated WT mice showed only low histologic scores, in
contrast, TG mice demonstrated scores indicative of severe colitis, as shown by
epithelial erosions (damage of the superficial epithelium), presence of small lymphoid
follicles and and massive infiltrations into the mucosa (numerous inflammatory cells
between the glandular structures) (FIGURE 27A). The increased pathology observed,
in chronically treated TG mice, occurred in association with increased levels of
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myeloperoxidase (MPO) and lymphocytes (CD3) in TG colon tissue (FIGURE 27B
and 27C) and finally even with an increased of small follicles number.
All these data are summarized in FIGURE 27D. The FIGURE 27D give us also the
Ki-67 % of mucosa and of gland: in the control mice, there were a marked increase in
Ki-67 immunoreactive positive cells in the lower part of the crypt as shown in FIGURE
23C. The anti-Ki-67 positive cells were reduced in the mice fed with DSS but the
difference between the WT and TG mice remain (FIGURE 28).
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These results suggest what other studies demonstrated, that DSS induced cell cycle
arrest, especially at the G0 phase. Ki-67 immunohistochemistry showed that cells with
cell cycle arrest at the G0 stage in the crypt increased approximately “2-fold” as
compared to the controls (FIGURE 27D).
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EMILIN1 is expressed both in normal and colitis tissues but it can be appreciated that
there is a different expression of the α4 integrin between these two conditions: in the
unaffected tissue the integrin is present only in the epithelial layer; on the other hand, in
the inflamed tissue there is a diffuse distribution also outside the epithelial layers,
suggesting that α4 is expressed on leucocytes (CD45-positive?) cells and much less on
epithelium (FIGURE 29).
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Even if the expression of α4 and its presence on inflammatory cells remains to be
formally proven, it is suggestive that the interaction of α4β1 with EMILIN1 might play
an important role during colitis.

4.7) TWO STEP-COLON CARCINOGENESIS (AOM-DSS)
Given the antiproliferative results in vitro and the higher inflammation of TG DSS
treated mice I hypothesized that the lack of the interaction between α4 and EMILIN1
could be involved also in tumor development. Colon tumors were induced with a single
intraperitoneal injection of azoxymethane (AOM) followed by 1-week exposures to 3%
Dextran Sodium Sulfate (DSS) in the drinking water. The AOM-DSS-treated mice
develop tumors in the colon, the site of tumor formation in humans with mutated APC:
in fact, this mouse model recollects the human tumor situation with persistent cycles of
tissue damage and repair. Inflammation and tumor growth were observed over time by
colonoscopy and clinical scoring of colitis severity was performed applying the MEICS
endoscopic index.
However, in contrast to our initial hypothesis and quite surprisingly I obtain that TG
mice had lower incidence, less and smaller tumors and better survival (FIGURE 30).
In line with this observations, when I examine/investigate the inflammation, MEICS
values were worse in WT than in TG mice except in the early phases of the stimulations
(day 21) (FIGURE 31).
In conclusion, even if the TG mice loose more weight and present more severe
inflammatory parameters in the DSS induced colitis although they paradoxically
develop less and smaller tumors in the two steps-colon carcinogenesis experiments.
Furthermore, TG mice present an hyperproliferative phenotype, nevertheless, our
analysis revealed that TG tumors were smaller.
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4.8) MURINE COLON LEUKOCYTE GLOBAL IMMUNE PHENOYPE
ANALYSIS
To investigate the paradox of a higher inflammation rate in E933A mice but a reduced
tumor burden I achieve a murine colon leukocytes isolation to perform a global immune
phenotype analysis. The goal here was to understand the quality of inflammation instead
of the quantity: the analysis of the cells focus on the composition of the subpopulations.
This gives an opportunity to compare various situations of the mucosa in different
groups. The cells are stained with antibodies for CD4+, CD8+, CD11b+ and CD11c+ to
cover main cell populations. First, I investigated the several subpopulations in the blood
samples taken from the acute DSS treated mice (FIGURE 32B). In the TG mice I found
a general decrease of CD45+ cells and worthy of attention an increased number of
CD8+ cells and a decrease number of CD4+ cells. Very interesting the level the ratio
CD8/CD4 was increased also in samples originated from the epithelial layer of the
colon of TG mice DSS acutely treated where I found also an increase of CD3+ cells
(FIGURE 32C) in line with immunochemistry analysis (FIGURE 27C). Increased
numbers of CD8+ T cells (and less CD4+ T cells) can be observed also from the colon
originated from TG mice DSS chronically treated (FIGURE 32D).
Finally, the resulting numbers of CD8 and CD4 is different in TG compared to WT
(FIGURE 32E) and changes in this type of subpopulation could explain the decrease of
tumor burden in TG mice.
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5) DISCUSSION
EMILIN1 mediates α4β1-dependent cell adhesion through its globular trimeric gC1q
domain (Spessotto et al. 2003). The accurate and elegant three-dimensional model of
the isolated recombinant EMILIN1 gC1q trimer, produced and purified in our
laboratories, was determined by NMR spectroscopy studies (Verdone et al 2008 and
2009) and provided evidences that constituted the structural basis for my functional
analyses.
The quaternary structure of EMILIN1 gC1q assembly identified, for each monomer, a
unique unstructured loop (spanning from Y927 to G945 residue) located at the apex of
the homotrimer and available for interactions with ligands/receptors. The attention was
focused on E933 residue occurring in the unstructured segment Y927–G945: the E933A
mutation fully inhibited Jurkat T cell adhesion (Spessotto et al. 2003). E933 appears to
play an absolutely central role in α4β1-integrin mediated interaction with the EMILIN1
gC1q domain, whereas several residues close to E933 do not seem to participate in the
major interaction sites between the two molecules. The NMR structure locates residue
E933 in a flexible loop structure at the apex of the EMILIN1 gC1q domain assembled
into a symmetric trimer; once the stoichiometry of three integrin molecules for a single
gC1q trimer is ruled out for steric reasons, the interaction pattern with α4β1 might well
entail binding of three E933 to the integrin ligand-binding region or the need of just one
E933 residue for a proper interaction with the integrin ligand. One possibility to tackle
this question is the use of bicistronic vectors coding for wild type and non-functional
mutant E933A gC1q in order to obtain trimers with a single copy or two copies of the
wild type (WT) sequence in the homotrimer. In this system the mutant and WT
monomers are randomly assembled into trimers to form a heterogeneous population and
can be isolated by affinity chromatography. Preliminary data suggests that cell adhesion
to heterogeneous gC1q trimers, composed by both wild type and E933A mutants, is
negatively affected implying the need of all three wild type monomers to achieve a
proper integrin ligation with the homotrimer (Capuano et al. in preparation).
The major aim of the present study was to analyze in detail the mechanisms and the
putative functional repercussions of the interaction between the ECM protein EMILIN1
and the integrin cell receptor α4β1. First fibroblastic cells expressing α4β1 deposit WT
EMILIN1 in the ECM; on the contrary, E933A EMILIN1 transfectants show a marked
decrease in EMILIN1 staining, suggesting alterations in extracellular deposition. These
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results are consistent with the hypothesis that the E933A mutant exerts a dominant
negative effect on the endogenous EMILIN1-integrin interaction (Capuano et al. in
preparation) and thus affects the regular EMILIN1 network organization in the ECM.
This autocrine system was useful to confirm that the E933 residue of EMILIN1 is
fundamental for the adhesion of gC1q and its binding with α4 is of great importance to
allow an anti-proliferative activity. In fact, when EMILIN1 interacts with cells
expressing the α4β1 integrin there is a significant down-regulation of cell proliferation.
This reduced proliferation was reported also in a skin model (Danussi et al. 2011). All
this data led me to hypothesize that the EMILIN1/α4 interaction could be potentially
involved in a lower proliferation rates of colon epithelial cells and also in the regulation
of colitis and colon carcinogenesis.
Accordingly, the paracrine system with colon epithelial cells transfected with α4β1 and
in which EMILIN1 is provided as a recombinant protein substrate, to allow their
interaction, show a significant down-regulation of cell proliferation. In addition, using
ITGA4 mutant sequences, I conclude that the cytoplasmic tail of α4 is responsible for
the anti-proliferative function when it interacts with EMILIN1 or its globular gC1q
domain.
This latter model was used also to study the signalling behind the anti-proliferative
capability: the α4 chain, and not the truncated integrin α4 chain, promotes HRasGTP
ubiquitination and affects ERK1/2 phosphorylation. This is provided by an integrindependent down-regulation of HRas signalling: integrin engagement by the gC1q
triggers a series of events leading to the ubiquitination and likely degradation of
HrasGTP. In turn, the loss of HrasGTP is responsible for pERK1/2 down-regulation and
low proliferation linking the anti-proliferative capability of α4β1 to a proto-oncogene
like HRas through the switching off of its activated form.
The EMILIN1/α4β1/HRas/pERK1/2 pathway is specific for the α4β1/EMILIN1 pair
since cells persistently adherent to collagen type I via the α2β1 integrin do not show
enhanced HRasGTP degradation and consequently, the levels of pERK1/2 are
unchanged and the cell proliferation is not down-regulated. Moreover, the finding that
the α4 integrin chain is co-immunoprecipitated with HRas-Ub only in cells adherent to
gC1q and not to polylysine nor collagen type I confirms that there is a physical
association between the α4 integrin chain and Hras-Ub (Modica et al. 2017).
Contrary to common beliefs that consider α4β1 an exclusive leukocyte integrin, there
are some data available that demonstrates its expression in colon tissue and its
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methylation in colitis and colon adenomas/carcinomas (Zhang et al. 2009; Ausch et al.
2009; Gerecke et al. 2015). I also found that ITGA4 is not expressed on colon cancer
cell lines but it is expressed on intestinal epithelial cells. Furthermore, α4 and EMILIN1
are deregulated in some human colon biopsy.
To clarify the involvement and the putative functional consequences of the interaction
between EMILIN1 and α4β1 in the regulation of colitis and colon carcinogenesis I took
advantage of an E933A transgenic mouse line (TG) available in the laboratory. These
TG mice in which EMILIN1 is normally expressed but it does not interact with the
α4β1 integrin have a more proliferative intestinal epithelial barrier presenting an
hyperproliferative phenotype of the mucosa with increased epithelial thickness,
increased Ki-67 in colon crypts and elongation of the proliferative compartment. In
addition, EMILIN1 WT and E933A newborn isolated mouse fibroblasts show altered
proliferation with TG cells displaying an increased proliferation compared to WT cells.
Using this TG model I found that EMILIN1 has a dual function in inflammation and in
colitis-associated colorectal tumorigenesis. On one side, during DSS-induced
experimental colitis, (at early stages of colon cancer), EMILIN1/α4 pair protects
intestinal epithelial cells against proliferation (by regulating intestinal epithelial barrier
function). Accordingly, EMILIN1 E933A TG mice display enhanced colitis-induced
epithelial damage and inflammation. This is in line with the hyperproliferative
phenotype of TG mice in vivo and with the inhibition of proliferation given by α4
transfected cancer colon cells in vitro. The inflammation was mirrored with a clinical
index (DAI) and also with a colonoscopy score (MEICS): both scores confirm a worse
and increased inflammation in TG mice than in WT. More specifically, during the
chronic treatment there is higher accumulation of inflammatory cells with increased
levels of myeloperoxidase (MPO) and more lymphocytes (CD3 positive cells) in TG
colon tissue and also an increased number of small follicles. All the data collected
indicate an enhanced proliferation in the TG mouse and the difference in proliferation
between TG and WT mice are even higher compared to the basal level values during the
DSS-induced experimental colitis.
Quite surprisingly, in the two-step colon carcinogenesis (AOM-DSS), TG mice display
a reduction of tumor burden: lower incidence, less and smaller tumors and better
survival.
Worthy of attention, colitis score values were worse in WT than in TG mice except in
the early phases of the stimulations (day 21). Thus, EMILIN1 suppresses inflammation47

associated epithelial damage and proliferation but, at later stages, contributes to the
tumorigenesis of tumor cells. EMILIN1/α4 had a protective role in colitis but the
inflammation associated to colon tumor correlates with a high grade malignancy. The
significant increase of MPO positive cells and of CD8+ T cells in DSS treated TG mice
compared to WT mice suggests that these cells might be responsible for the extent of
inflammatory response to DSS. This data is in accordance with the increase of a series
of chemokines as detected by the RNAseq analysis in chronic DSS treatment (data not
shown). These chemokines have the function to attract neutrophils at the site of
inflammation.
Colorectal cancer is frequently associated with chronic inflammation, with the intestinal
epithelial barrier playing an important protective role against the infections and injuries
that cause colitis (Grivennikov et al. 2010; Hagerling et al. 2014; Schreiber et al. 2011).
It can be supposed that the lower tumorigenic response in TG mice in the colon versus
the higher tumorigenesis in the skin carcinogenesis is linked to the inflammatory
components that are much more involved in the former type of carcinogenesis. The
paradox of a higher inflammation rate in E933A mice but with a reduced tumor burden
stimulates to search for an explanation of this difference on a potential switch in the
extent/composition of the immune response. Cancer development and its response to
therapy are strongly influenced by innate and adaptive immunity, which either promote
or attenuate tumorigenesis and can have opposing effects on therapeutic outcome
(Shalapour and Karin 2015). Many tumors express antigens that can be recognized by T
lymphocytes, and analysis of the tumor microenvironment often reveals T cell
infiltrates. Although CD8+ T cells are generally anti-tumorigenic, CD4+ T cell
subpopulations can either promote or inhibit tumor progression (Shalapour and Karin
2015). In developing tumors both antitumorigenic and pro-tumorigenic immune and
inflammatory mechanisms coexist. Certain immune and inflammatory components may
be dispensable during one stage of tumorigenesis but absolutely critical in another stage.
EMILIN1, likely because of its interaction with the α4β1 integrin expressed on immune
cells, is protective in the initial phase but it seems absolutely critical in the final stage of
colon tumorigenesis. Whether the significant increase of MPO positive cells and of CD8
cells in chronic DSS treatment has any role in the anti-tumor response in the AOM-DSS
colon tumorigenesis remains to be determined.
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6) MATERIAL AND METHODS
6.1) ANTIBODIES AND OTHER REAGENTS

•

Rabbit polyclonal anti human EMILIN1 AS556 (produced in our laboratory)

•

Anti-histidine monoclonal antibody was from Abgent (Resnova S.r.l., Rome,
Italy)

•

Secondary HRP-conjugated antibodies (Amersham, GE-Healthcare)

•

Rabbit polyclonal Ki-67 from ABCAM

•

Secondary antibodies conjugated with Alexa Fluor 488 (Invitrogen S.r.l., Milan,
Italy)

•

Fugene HD transfection reagent was from Roche

•

Rabbit polyclonal α4 (C-terminal) from Cell Signalling

•

Goat polyclonal α4 (N-terminal) from Santa Cruz

•

Kit Wizard SV columns (for DNA purification from agarose gels) and Kits
Wizard SV columns MINI- and MIDI- prep (for purification of DNA plasmids)
were purchased from Promega

•

Maxwell mouse tail purification kit was from Promega

•

Trizol reagent was purchased from Invitrogen

•

Dextran sulfate sodium salt (DSS) Mr ~ 40.000 from Sigma-Aldrich

•

Azoxymethane (AOM) from Sigma-Aldrich

6.2) CELL CULTURES
All cell lines were obtained from ATCC and were maintained at 37°C in a humidified
5% CO2 atmosphere. SKLMS-1, HT29, SW480 and HaCat cell lines were cultured in
Complete Dulbecco’s modified Eagle’s medium (DMEM from Life Technologies, Inc.,
Gaithersburg, MD) containing 10% fetal bovine serum (FBS from Gibco, Thermo
Fisher Scientific, Waltham, MA USA). Jurkat cell line was cultured in RPMI containing
10% FBS.
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6.3) DNA CONSTRUCTS FOR EMILIN1 AND ITGA4
To express high levels of proteins were designed constructs in which the strong viral
promoter CMV is fused to the sequence coding for human Emilin1 or ITGA4 cDNA.
For this purpose, the 2984 bp long sequence coding for the mature human EMILIN1
fused to the BM40 signal peptide was amplified via PCR with adaptor primers using as
template the human pCEPu-EMILIN1 vector and cloned in the HindIII/Not sites of
pBlueScript polylinker. Using the overlapping polymerase chain reaction method, a
NcoI/NotI fragment of 1301 bp carrying the specific point mutation was obtained and
substituted to the wild type NcoI/NotI region. The full length sequence has been then
excised with HindIII and NotI and inserted in the corresponding sites of pcDNA-3
(hygro) eukariotic vector, possessing a CMV promoter and all the elements necessary
for high transcription in eukaryotic cells. The resulting plasmid (and a wild type
EMILIN1 containing form, as a control) was digested with AgeI and SpeI restriction
enzymes and the resulting fragment was employed for transgenesis experiments for the
use in transfection experiments the plasmid was simply linearized by cutting with BglII
restriction enzyme.
The ITGA4 cytoplasmic tail-deleted mutant R974 was generated by introducing a
termination codon after residue R974 into che cDNA by PCR. The full-length integrin
chain cloned into the Bluescript vector was used for amplification of the 1-974 region of
the α4 integrin chain (α4 forward: 5’ggctcgagccatggcttgggaagcgaggcgccg3’, including
a XhoI restriction site followed by a “kozak” consensus sequence at the 5’-end, and α4
reverseTM 5’ggctggcttctttaaaagataatctagagg3’ including a XbaI and XhoI restriction
sites) and then subcloned in the pcDNA 3.1 vector (Invitrogen). A clone carrying the
insert was sequenced and used in the subsequent experiments.
6.4) LIPOFECTION OF SK-LMS-1, HT29 AND SW480
SK-LMS-1, HT29 and SW480 cells were transiently transfected using the Fugene HD
reagent method (Promega, Madison, WI), according to the manufacturer's instructions.
Cells were seeded into six well plates and grown to 80% confluence. 3/10 μg of the
vector

(Emilin1WT/Emilin1E933A/ITGA4WT/ITGA4MUT/MOCK

pCDNA)

were

mixed 1:3 with Fugene HD reagent and taken up to 150 μl with Dulbecco's modified
Eagle's medium. The mixture was incubated for 15 min at room temperature. The
50

lipofection mixture was added onto the cells and incubated at 37 °C for 4 hours before
replacement with culture medium. 48 hours post-transfection the culture medium was
replaced with Dulbecco's modified Eagle's medium with Puromycin (0.5 μg/ml) for
transfectant clones selection of SKMLS1 and G418 (0.8 μg/ml) for transfectant clones
selection of HT29 and SW480.
6.5) IMMUNOFLUORESCENCE STAINING OF CELLS FOR EMILIN1 AND
KI-67
SK-LMS-1 were grown on cover glass slides for three days for EMILIN1 staining
(24/48/72 hours for Ki-67 staining), then were fixed with 4% (w/v) paraformaldehyde,
permeabilized with 0,4% Triton X-100 and blocked with 1% BSA. The appropriate
primary and secondary antibodiy was use, the latter Alexa Fluor® 488 conjugate. Slides
were finally mounted in Mowiol containing 2,5% (w/v) of 1,4-diazabicyclo-[2,2,2]octane (DABCO). When needed 1 μg/ml of TO-PRO was added to label the cell nuclei.
The same Ki-67 procedure was used for HT29 and SW480 grown on a coated plate but,
in this case, cells were seeded in serum free medium and after 5 hours serum was added.
Images were acquired with a confocal system (Leica Microsystems).
6.6) PREPARATION OF EXTRACELLULAR MATRIX EXTRACT
SK-LMS-1 were seeded into six well plates and grown to confluence. Media were
discarded and cells washed with PBS; then cultures were incubated with the Lysis
Solution (NP40 1% in PBS) for 10 minutes. After a wash step with PBS, 80 μl of
Sample Buffer solution were added to each well and matrix was scratched and
harvested.
6.7) WESTERN BLOT ANALYSIS
Matrix extracts or cells lysates were resolved in 4-20% Criterion Precast Gels (Bio-Rad
Laboratories) and transferred onto Hybond-ECL nitrocellulose membranes (Amersham,
GE-Healthcare). Membranes were blocked with 5% dry milk in TBS-T and probed with
the appropriate antibodies and the blots were developed using ECL (Western blotting
detection, Amersham Biosciences). Alternatively the ChemiDoc™ Imaging Systems
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was used (BIO-RAD).
6.7.1) HRas pull down assay
The DH5alpha bacterial strain was transformed with a pGEX-2T bacterial expression
vector encoding GST followed by the 2-149 N-terminal residues of human Raf-1 and
induced to overexpress the protein by 0.1 mM IPTG treatment overnight at RT under
shaking. This plasmid contains the RAS-binding domain (RBD) that binds only to
activated Ras-GTP (gift of Channing Der, Addgene plasmid #13338). GST-Sepharose
resin (GE Healthcare) was washed in cold PBS and incubated under shaking for 2h at
4°C with total bacterial proteins to allow Raf-RBD conjugation with the resin. The resin
was then washed and incubated with cell lysates under shaking for 1h at 4°C. At the end
of the incubation, loading buffer (0.25 M Tris-HCl pH 6.8, 10% SDS, 0.5 M
dithiothreitol (DTT), 50% glycerol, 0.25% bromophenol blue) was added to each
sample before protein denaturation by boiling for 10 minutes. The samples were then
loaded onto 4-20% gels followed by Western Blot analysis.
6.8) FACS ANALYSIS OF:
6.8.1) Integrin expression
Cells were detached from the plate with EDTA 5mM and incubated with control IgG or
the appropriate antibody in ice for at least 15 minutes or according to antibody
manufacturer instructions. Cells were centrifuged to remove the antibody excess,
washed twice in PBS and finally resuspended in an appropriated volume of PBS and
analyzed by BD LSRFORTESSA X-20. Human α4 was detected by an anti-human
CD49d (Biolegend, CA, USA) antibody conjugated with phycoerythrin (PE) whereas
mouse α4 was detected with an anti-mouse integrin alpha 4 antibody [PS/2]. In addition
even a home-made anti-PS2 was used.
6.8.2) Integrin sorting
We added anti-human CD49d-PE to the single cell suspension, incubated it in ice for at
least 15 min, centrifuged it, discarded the supernatant, and then washed it again. We
sorted a concentration of 30×107 with flow cytometry and collected α4 (+) cells in the
flow tube.
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6.8.3) Leukocytes from mice peripheral blood
Peripheral Blood samples were withdrawn (on day 8) from the cheek of mice and
leukocytic cells analyzed by flow cytometry. To remove erythrocytes blood samples
were treated with PharM Lyse ammonium chloride lysing reagent (BD Biosciences, San
Diego, CA) for 10 minutes. Single-cell suspensions were washed with PBS 2% FCS.
Cells were incubated for 20 minutes with 50 ul of 1:200 dilution of allophycocyaninconjugated anti-mouse CD45 (clone 30-F11, eBioscience, San Diego, CA), FITCconjugated anti-mouse GR-1 (Ly-6G, clone RB6-8C5, eBioscience), phycoerythrinconjugated anti-mouse CD31 (clone MEC13.3, BD Biosciences), FITC-conjugated antimouse CD4 (L3T4, clone GK1.5, eBioscience), phycoerythrin-conjugated anti-mouse
CD8a (L-2, clone 53-6.7, eBioscience), allophycocyanin-conjugated anti-mouse CD19
(clone MB19.1, eBioscience), FITC-conjugated anti-mouse B220 (clone RA3-6B2,
eBioscience), phycoerythrin-conjugated anti-mouse F4/80 (clone CI:A3-1, Caltag
Laboratories, Burlingame, CA), and phycoerythrin-conjugated anti-mouse CD11b
(clone M1/70, BD Biosciences Pharmingen, San Jose, CA). Cells were washed twice
with PBS 2% FCS (and 7-AAD - BD Biosciences - was added at a dilution of 1:10 to
discriminate between viable and dead cells). Data acquisition was performed on a
FACSCalibur using CellQuestPro software (BD Biosciences) and data analysis was
performed using FlowJo software (Tree Star Inc.). Gates were set using negative
controls and positive populations were corrected by subtraction of background and
nonspecific binding of the antibody.
For setting of hierarchy myelocytes and lymphocytes subpopolations see FIGURE
32A.
6.8.4) Leukocytes from mice colon tissue
The same analysis used for blood was adopt for single-cell suspensions obtain from
lamina propria and epithelial layer of colon mice.
Colons were opened longitudinally, cut into fine pieces, and incubated with Hanks’
balanced salt solution (HBSS) containing 5 mm EDTA for 15 min at 37 °C to remove
epithelial cells. Colonic pieces without epithelial cells were then incubated with PBS
containing 4% fetal bovine serum (FBS), 0.5 mg ml −1 collagenase typeII, 1 mg ml−1
dispase and 50 μg ml−1 DNase for 20 min at 37 °C. The cells were washed twice and
suspended in PBS.
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6.9) PLATE COATING
Substrates, for example gC1q (whose over-expression was induced by IPTG 0,1 mM
treatment of the DH5alpha bacteria previously transformed with the relative plasmids),
were diluted in PBS at final concentration of 10 μg/ml and incubated on dishes
overnight at 4°C. Areas of the cell culture surface potentially not coated were blocked
with PBS 1% BSA for 1 hour at room temperature.
6.10) CELL ADHESION (CAFCA) ASSAY
Cell adhesion was examined using the CAFCA (Centrifugal Assay for Fluorescencebased Cell Adhesion; Spessotto et al. 2001), which allows for both qualitative and
quantitative parameters of cell-substratum adhesion to be established. CAFCA is based
on two centrifugation steps; the first one to allow a synchronized cell-substratum
contact and the second one (in the reverse direction) to allow for removal of the
unbound/weakly bound cells under controlled condition. The “coating solutions”,
composed of the ECM molecules of interest, were prepared dissolving several protein
concentrations in the 0.05 M bicarbonate buffer pH 9.6, and aliquoting 50 μl in each
well of the bottom CAFCA miniplates. The miniplates were incubated at 4°C for 8-16 h.
After removing the coating solution from the wells, they were fill with 200 μl of 1%
(w/v) BSA blocking solution and incubated at room temperature for at least 2 h. After
collection of the cell suspension, cells were washed by centrifugation to remove all
EDTA, and resuspended in DMEM (or another preferred medium). The cells were then
incubated at 37°C for 10-20 minutes in the presence of 1-10 μM calcein (AM)
(Molecular Probes Inc., Eugene, PO) to allow metabolization and subsequently
fluorescent labelling. The incubation time with calcein AM may need to be extended;
the optimal labelling is achieved when the cell pellet attains a yellowish color. The
blocking agent were then removed from the wells, which were washed at least twice
with 200 μl of the cell-adhesion medium containing PVP. The wells were fill with 200
μl of the cell-adhesion medium with 2% (v/v) India Ink. 50 μl aliquots of the labelled
cells were added in each well. The bottom CAFCA miniplates were placed in the
apposited bottom black holder and centrifuged at 142g for 5 min, followed by
incubation 37°C for 20 min. The top CAFCA miniplate wells were fill with the same
PVP-and India ink-containing medium as used for the bottom CAFCA miniplates. After
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the CAFCA miniplates unit assembled, the fluorescence signal emitted by cells in wells
of the top (unbound cells) and bottom (substrate-bound cells) sides were measured
independently, using a microplate fluorometer (SPECTRAFluor plus, Tecan Group,
Maennedorf, Switzerland). The percentage bound cells, out of the total amount of cells
introduced into the system, can be calculated as: bottom fluorescence value/bottom
fluorescence + top fluorescence values.
6.11) CELL-ELECTRODE IMPEDANCE, REAL-TIME CELLULAR ANALYSIS
(RTCA)
Spreading and proliferation were monitored in real-time using an xCELLigence RTCA
system (Acea Biosciences). This instrument uses an electrical current that is sent
through gold electrodes located on the floor of each well at defined time intervals and
the electrical impedances recorded. The electrical impedance readouts are expressed in
terms of an arbitrary unit, the Cell Index (CI), and are displayed as kinetic curves. At
each time point, the CI is calculated by Zx-Zy / Zy, where Zx is the electrical impedance
of the electronic sensor in a particular well containing cells, and Zy is the background
impedance of medium alone in that particular well. Prior to seeding cells, 50 μl media
was added to each RTCA plate well and the plates scanned on the xCELLigence to
generate a background reading.
6.11.1) The adhesion assay
The xcelligence platform is able to measure the adhesion status in real time. 50 ul of
serum-free culture medium was added in each well of E-Plate 96 (Roche Applied
Science) to obtain equilibrium. Cell populations/transfected cells (50,000 cells) were
seeded into E-plates in serum-free growth medium. E-Plate 96 was locked in RTCA-MP
device at 37 uC with 5% CO2. Impedance was measured every 5 minutes for 3 hours.
The attachment rate is expressed as the change in electrical impedance at each time
point with values expressed as the cell index ± SD of triplicate wells.
6.11.2) The proliferation assay
The xcelligence platform is able to measure cellular growth status in real time. As for
spreading assay, 50 μl of serum-free culture medium was added in each well of E-Plate
96 (Roche Applied Science) to obtain equilibrium. Cell populations/transfected cells
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(10,000 cells) were seeded into E-plates containing serum-free culture medium. E-Plate
96 was locked in RTCA-MP device at 37 °C with 5% CO2. After 5 hours serum was
added to the medium at a 10% final concentration. Measured changes in electrical
impedance were present as cell index that directly reflects cellular proliferation and was
read automatically every 15 min and the recorded curve was shown alternatively as
doubling time, the period of time required for cells to double/divide.
6.12) SOFT AGAR COLONY FORMATION ASSAY
For the bottom layer 2 ml of 0.6% agar (Sigma) dissolved in PBS and diluted in DMEM
with or without 10 ug/ml gC1q were allowed to polymerize on 6 well plates. For the top
layer 2 ml 0.4% agar dissolved in PBS and diluted in DMEM with or without 10 ug/ml
gC1q were allowed to polymerize. Before mixing with the top agar layer, 5.0 x 10 4
HT29 cells transfected with the wild type or the deleted mutant α4 integrin chain were
resuspended in DMEM containing 10% FCS and mixed with the top agar solution. Cells
were allowed to grow for 12 days.
6.13) IMMUNOFLUORESCENCE STAINING OF TISSUE
Mouse tissues were excised, embedded in OCT (Kaltek, Padova, Italy), snap frozen and
stored at -80°C. Cryostat sections of 7μm were air dried at room temperature and kept at
-80 wrapped in aluminium foil. Before using the sections were equilibrated at room
temperature, hydrated with PBS for 5 min and fixed with PBS-PFA 4% for 15 min.
Then the section were permeabilized with a PBS solution containing 1% BSA, 0.4%
TRITON X-100 and 2% FCS for 5 min and saturated with blocking buffer (PBS-2%
FCS or NGS) and incubated with the appropriate antibodies. Images were acquired with
a confocal system (Leica Microsystems).
6.14) GENOTYPING OF TRANSGENIC MICE
DNA was extracted from mice tails using Maxwell mouse tail purification kit (Promega,
Italia) according to the manufacturer’s protocol. PCR reaction were performed with
1:200 of total extracted DNA using goTAQ polymerase(Promega). The primers for the
amplification of a specific transgene sequence and β-actin sequence were:
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hEmilin1 primer
Forward (5’)primer:5’-CACCTCGCAGGGCTGGCGGTG-3’
Reverse(3’)primer: 5’-AGGAGCCCCAGGCCAGCTCTC-3’
Actin primers
Forward (5’) primer: 5’-GAT GAC GAT ATC GCT GCG CTG GTC G-3’
Reverse (3’) primer: 5’-GCC TGT GGT ACG ACC AGA GGC ATA CAG-3’
The PCR samples are run on a 1.8% agarose gel with ethidium bromide. The
hEMILIN1 PCR product is identified as a band cortresponding to a length of 300 bp;
the βactin PCR produce a band of 1kb.
6.15) MOUSE FIBROBLAST CULTURES ISOLATION
Newborn mice (2-3 days old) were euthanize, wash with water once, then with 70%
ethanol twice. Using sterile techniques under the hood, mice tails and limbs were
amputated with surgical scissors and cut on the dorsal side and along the length of the
body of the mouse with a scalpel such that the skin is cut, but the internal parts of the
body are intact. Carefully the skin was separated from the rest of the viscera. Skins with
the dermis facing down were flatten and perfectly stretched, even at the edges,
otherwise peeling is very difficult. Trypsin solution (Gibco #15050-040) was added
overnight at 4°C. Using forceps the epidermis was separate from the dermis and then
was added to dermis a collagenase solution (10 mg/ml H2O) for 30 mins at room
temperature. The mix was filter through a sterile gauze and filtered dermis suspensions
was plate in tissue culture dish containing DMEM + 10% calf serum + antibiotics and
incubate in a 37°C, 5.0 CO2 incubator.
6.16) TREATMENTS IN VIVO
Female FVB mice (aged 8 weeks, weight 22-30 g, Jackson Laboratories, Bar Harbor,
ME) used for this study were group-housed under controlled temperature (25°C) and
photoperiod (12∶12-hour light–dark cycle) conditions, and given unrestricted access to
standard diet and tap water (or specified drinking solution). (Mice were allowed to
acclimate to these conditions for at least 7 days before inclusion in experiments)
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6.16.1) DSS-induced experimental colitis
DSS 3% (molecular weight 36000–50000) was dissolved in water and treated for 7 days
followed by 2 weeks consumption of waters (FIGURE 25A). The mice given DSS
were divided into two groups and killed at day 7 of DSS administration (acute group)
and at 5 weeks (chronic group). Each group consisted of five mice and was compared
with control animals, which received only water. When the mice were killed the
different parts of the colon were isolated for histology and for immunohistochemistry on
cryostat sections. The body weight and disease activity index (DAI) were measured
daily. Disease progression was assessed using DAI scoring from 0 to 4 (FIGURE
25C).
6.16.2) Two step-colon carcinogenesis (aom-dss) treatment
Eight week old mice were injected with 12.5 mg/kg of AOM (Sigma-Aldrich)
intraperitoneally as described by Greten and colleagues. Animals were started on the
first of three cycles of 3% DSS ad libitum (FIGURE 30A). Each cycle lasted 7 days
and was separated by a 14-day recovery period. After the last cycle, following a 26-day
recovery period, animals were sacrificed- Tumor counts and measurements were
performed in a blinded fashion under a stereo-dissecting microscope. Microscopic
analysis was performed for severity of inflammation and dysplasia on (H&E) stained
“Swiss rolled” colons by a pathologist. All in vivo procedures were carried out in
accordance with protocols approved by Animal Care and Use Committee. Body weight
was assessed at least 3 days per week throughout the course of the experiment.
6.17) HISTOPATOLOGY AND IMMUNOHISTOCHEMISTRY
6.17.1) Samples processing
1 cm of the distal colon was embedded in OCT and 7-µm sections were fixed in 10%
formalin.
5 replicates from each case were analyzed.
Histopathology: sections were stained with hematoxylin and eosin (H&E) and then
examined with a light microscope for the detection and quantification of histological
lesions.
Immunohistochemistry: sections immunostained with the following primary antibodies
(tab. 1):
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Tab. 1 – Primary antibodies applied.
Primary Ab
CD45R/B220
CD3 epsilon
Myeloperoxidase (MPO)
Ki67

Clonality
Rat mon
Goat poly
Rabbit poly
Rabbit mon

Identification of
B cells
T cells
Granulocytes
Proliferating cells

Sections were incubated with biotinylated secondary antibody (rabbit anti-rat; rabbit
anti-goat; goat anti-rabbit). Sections were labelled by the avidin-biotin-peroxidase
(ABC) procedure with a commercial immunoperoxidase kit. The immunoreaction was
visualized

with

3,3’-diaminobenzidine

(DAB)

substrate

and

sections

were

counterstained with Mayer’s hematoxylin.
6.17.2) Examination procedures
Evaluation (histopathology): histopathology evaluation was made in a blind fashion, ie
without knowledge of the treatment group. The following findings have been detected
and scored:
o Epithelial damage: loss of the epithelial layer of the enteric mucosa. This
finding was scored as follow:


0 = absence of epithelial damage



1 = moderate epithelial damage



2 = severe epithelial damage

o Lamina propria (LP) infiltrate: presence of infiltrating inflammatory cells
within lamina propria. This finding was scored as follow:


0 = absence of infiltrating cells



1 = moderate presence of infiltrating cells



2 = severe presence of infiltrating cells

o Small/large follicles: presence of lymphoid follicles: the number of small
and large lymphoid follicle was reported. Lymphoid follicles were
considered small when composed of < 100 cells; follicles were considered
large when composed of 100 or more cells.
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Evaluation (immunohistochemistry): immunohistochemical evaluation was made in a
blind fashion, ie without knowledge of the treatment group.
o Immunostainings for inflammatory cells (CD45R/B220, CD3 epsilon, MPO)
were scored counting the number of positive cells as follows:
0=0
1 = 1 to 5 cells
2 = 6 to 25 cells
3 = 25 to 125 cells
4 = > 125 cells
o Immunostaining for KI67 was evaluated and two scores were applied as
follows:
% of mucosa: percentage of mucosa with positive intestinal glands. Note: in
normal mucosa this parameter is 100 or near 100 (all/most of the glands have
cells that are proliferating).
% of gland: percentage of the gland positively stained. Note: in normal mucosa
this parameter is 50 or near 50 (half part of each gland is stained, namely the
deeper part).
6.18) ENDOSCOPIC ASSESSMENT OF COLITIS
Direct visualization of DSS-induced colonic mucosal damage in vivo was performed
using the Coloview (Karl Storz Veterinary Endoscopy, Tuttlingen, Germany). Mice
were supplied with food and water until the endoscopy was performed. Mice were
anesthetized with 1.5 to 2% isoflurane and 3 cm of the colon proximal to the anus was
visualized after inflation of the colon with air. The endoscopic damage score was
determined using a previously described scoring method MEICS: assessment of colon
translucency (0–3 points), presence of fibrin attached to the bowel wall (0–3 points),
granular aspect of the mucosa (0–3 points), morphology of the vascular pattern (0–3
points), and stool characteristic (normal to diarrhea; 0–3 points).
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