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RESUMO

A fibrose ¢ considerada uma forma complexa de dano tecidual comumente presente em
o estagio final de muitas doencas. Também esté relacionado a uma alta porcentagem de
morte, cujas caracteristicas predominantes sdo uma deposicao excessiva e anormal de
fibroblastos e componentes da matriz extracelular (MEC) derivados de miofibroblastos. A
transicao epitelial para mesenquimal (EMT), um processo no qual as células epiteliais
mudam gradualmente para as mesenquimais, ¢ um dos principais contribuintes na
patogénese da fibrose. O mediador principal da EMT ¢ uma citocina multifuncional
chamada fator de crescimento transformador-f (TGF-) que atua como o principal indutor
da montagem e remodelacdo da ECM por meio da fosforilagdo de Smad2 / 3, que, em
ultima anélise, forma um complexo com Smad4 e se transloca em O nucleo. Por outro lado,
a proteina-7 morfogénica 6ssea (BMP-7), um membro da familia TGF, reverte a EMT ao
neutralizar diretamente a sinalizagao celular dependente de Smad induzida por TGF-f. O
NLRP3 (proteina 3 contendo dominios NACHT, LRR e PYD), por sua vez, atua como
sensores citosolicos de moléculas microbianas e auto-derivadas e forma um complexo
imunologico denominado inflamassoma no contexto de comprometimentos inflamatorios.
A montagem do inflamassoma NLRP3 ¢ desencadeada por ATP extracelular, espécies
reativas de oxigénio (ROS), efluxo de potassio, desequilibrio de célcio e ruptura de
lisossoma. Devido ao seu envolvimento em varias doengas, o NLRP3 tornou-se um dos
receptores de reconhecimento de padrdes (PRRs) mais estudados. No entanto, o papel do
NLRP3 no desenvolvimento da fibrose nao foi completamente elucidado. Nosso objetivo
nesta pesquisa foi estudar a formagao do complexo inflamassoma apds a indugao de EMT
por TGF-f em células epiteliais tubulares renais humanas e murinas. Para tanto, tentamos
transfectar as células epiteliais tubulares humanas HK-2 e as murinas mm55.k com
proteinas inflamatérias NLRP3 e ASC marcadas com GFP e Cerulean, respectivamente. A
fim de investigar o processo EMT, tanto E-caderina quanto a-SMA foram tentados para
serem detectados por western blot, e isso foi feito pela exclusdo dos genes smad 3 e BMP-7
e detec¢do da formacao da oligomerizacdo do complexo inflamassoma por o uso da

microscopia confocal.

Palavras chave: Fibrose, Inflammasome, NLRP3, EMT, TGF-3, SMAD



ABSTRACT

Fibrosis is considered a complex form of tissue damage commonly present in
the end stage of many diseases. It is also related to a high percentage of
death, whose predominant characteristics are an excessive and abnormal deposition of
fibroblasts and myofibroblasts -derived extracellular matrix (ECM) components. Epithelial-
to-mesenchymal transition (EMT), a process in which epithelial cells gradually change to
mesenchymal ones, is a major contributor in the pathogenesis of fibrosis. The key mediator
of EMT is a multifunctional cytokine called transforming growth factor-f (TGF-f) that acts
as the main inducer of the ECM assembly and remodeling through the phosphorylation of
Smad2/3, which ultimately forms a complex with Smad4 and translocates into the nucleus.
On the other hand, the bone morphogenic protein-7 (BMP-7), a member of the TGF family,
reverses EMT by directly counteracting TGF-f induced Smad-dependent cell signaling.
NLRP3 (NACHT, LRR, and PYD domains-containing protein 3), in turn, acts as cytosolic
sensors of microbial and self-derived molecules and forms an immune complex called
inflammasome in the context of inflammatory commitments. NLRP3 inflammasome
assembly is triggered by extracellular ATP, reactive oxygen species (ROS), potassium
efflux, calcium misbalance, and lysosome disruption. Due to its involvement in multiple
diseases, NLRP3 has become one of the most studied pattern-recognition receptors (PRRs).
Nevertheless, the role of NLRP3 in fibrosis development has not been completely
elucidated. Our aim in this research was to study the formation of the inflammasome
complex following the induction of EMT by TGF-B in both human and murine renal
tubular epithelial cells. For that we tried to transfect the human tubular epithelial cells HK-
2 and the murine ones mm55.k with GFP and Cerulean labeled NLRP3 and ASC
inflammatory proteins, respectively. In order to investigate the EMT process, both E-
cadherin and a-SMA were tried to be detected by western blot, and this was done by
deleting bothe the smad 3 and BMP-7 genes and detecting the formation of the

inflammasome complex oligomerization by the use of the confocal microscopy.

Key Words: Fibrosis, Inflammasome, NLRP3, EMT, TGF-§3, SMAD
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1. INTRODUCTION

Fibrosis is a major global health issue, and a worldwide health burden. It is an end
result of a variety of disease resulting in a decrease of quality of life of the patient and
sometimes even ending up in death. It has been reported that around 45% of deaths in
developed countries were found to be due to fibrotic diseases Distler et al. (2019),where
chronic kidney disease alone was found to affect almost 47 million patients in the United
states alone Murphy et al. (2016), and until today we can say that we still suffer the lack of
the therapeutic approaches that target the pathogenesis of fibrosis. A mechanism that was
found to be triggered during fibrosis is the epithelial mesenchymal transition (EMT), a
phenomenon that was found to play a role in embryogenesis, cancer and fibrosis, as
mentioned Kalluri; Neilson (2003)Zeisberg et al. (2008). During the EMT, cells switch
form from non-migratory epithelial cells to motile mesenchymal cells and gain their
characters Cruz-Solbes; Youker (2017). When an injury happens triggered by different
stimuli, the immune cells will release a number of cytokines and growth factors, and one of
these growth factors is the TGF-B1, which was found to be the key element of the
activation of this EMT process Wang et al. (2017). This pro-fibrotic factor, is a potent
inducer of EMT and a part of the TGF-B-induced EMT program, which changes the cell
basement membrane adhesion relation Li et al. (2003)Strutz et al. (2002). TGF-f1 is
considered a master regulator of fibrosis through the accumulation of extracellular matrix
components (ECM) and a potential key driver of fibrosis Bartram; Speer (2004). Another
member of this large family is the BMP7, which shares with TGF-B1 the capability that
they both bind to serine/threonine kinase trans membrane receptors and can activate a
canonical SMAD dependent or a non-canonical non SMAD dependent pathway Boon et al.
(2011). This member is considered anti-fibrotic and was found that it plays a role in contra
versing the effect of TGF-B1 in reversing the EMT and eventually the fibrosis from
happening Zeisberg; Hanai; et al. (2003). Although a number of researches have been

focused on this opposing relation between TGF-f1 and BMP7, it still remains a
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controversy. Both of them activate a canonical and non-canonical pathway, being the
canonical one activated via proteins known as SMAD’s, where TGF-B1 phosphorylated
receptors bind to the regulatory SMAD -2 and -3, whilst the BMP7 phosphorylated
receptors bind to the SMAD-1, -5, and -8. Moreover, in both pathways the SMAD’s will
bind to the co-SMAD, the SMAD4 to translocate into the nucleus and activate the related
genes Guo; Wang (2009). In case of TGF-B1, as mentioned, it will play a role in activating
the EMT, that is why it was found that SMAD-3 may be considered a key regulator of
fibrosis Latella et al. (2009). These two pathways in a normal physiological condition
create a balance by opposing each other. Another important structure that plays a major role
in the bodies’ defense once triggered by a stimuli whether a PAMP or DAMP, is the
NLRP3 inflammasome, which is considered a recent discovered structure Schroder;
Tschopp (2010). Once the inflammasome is assembled, it results in the proteolytic cleavage
of the pro-inflammatory cytokines IL1-f3, IL18 and the activation of the programmed cell
death pyroptosis Schroder; Tschopp (2010). The linkage between the NLRP3
inflammasome and the activation of EMT is still under study, but how it works exactly still
remains unclear. Up to now the relation has either been described as inflammasome
independent explaining the fact that it only requires NLRP3 protein without the
requirement of the inflammasome assembly Wang et al. (2013). While other researchers
have proven with their results that the inflammasome assembly is mandatoryTian et al.
(2017), in addition, some have shown a role of IL1-f in induction of TGF-B1 to activate
EMT Doerner; Zuraw (2009).And based on the gathered information, we have tried in our
research, although not considered perfectly clarified , but we might have given a small clue

of this relation.

1.1 JUSTIFICATION
Based on the knowledge we have collected from previous researches on the role of the
NLRP3 inflammasome in fibrosis through the activation of epithelial mesenchymal
transition (EMT), and due to the controversy on how this relation happens whether it is
inflammasome dependent or independent, this research was based on finding a more clear
answer to this question, and this was based on detecting the role of Smad3 through it’s
deletion to detect the influence on the TGF-B 1 pathways, and it’s opposing BMP7
pathway through the deletion of the BMP-7 gene. And this was based on studying the
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formation of the NLRP3 in tubular renal cells after trying to induce EMT using TGF-f.and
this is shown in the figure below. (FIGURE 1)

FIGURE 1

Via CRISPR/Cas9

/ KO SMAD 3 Cc_mt'ocal
KO BMP7 /, MICLOSCOPY

Cell lines HK2 Induction of
MM55k EMT via TGF-

\ Inflammasome \"
Reporter Western Blotting

genes
l

Tmansient
Teansfection

Figure 1 : Chronogram of the planned experiments during a research , showing the aim of
study to detect the influence of deleting the SMAD3 gene that is of key importance in the
TGF-PB pathway, and deleting the BMP-7 gene , that is opposing the TGF-f pathway and
detect the income on the formation of the NLRP 3 inflammasome and vice versa.BMP-7 :

Bone morphogenic protein 7, TGF-B: Transforming growth factor Beta.

OBJECTIVES

1.1.1  General objectives

To observe the formation of the Inflammasome complex after EMT induction via TGF-B1

in tubular renal cells.

1.1.2 Specific Objectives:
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e To construct renal epithelial cells carrying reporter genes (NLRP3-GFP and ASC-
Cerulean) and SMAD3 and BMP-7 silenced genes;

e To study the EMT process in human (HK-2) and murine (mm55.k) renal epithelial
cells in the presence or absence of SMAD3 and BMP-7 via TGF-f;

e To investigate the formation of inflammasome complex in HK-2 cells and mm55.K

after induction of the EMT.

2. LITERATURE REVISION

2.1 Fibrosis

Fibrosis is the final pathological outcome of many chronic inflammatory diseases. It can
be defined as an excessive accumulation of fibrous connective tissue, such as collagen and
fibronectin, in the areas of inflamed and injured tissues, which results in the formation of
scar, and so a destruction of the normal tissue architecture, organ damage and even death
Wynn (2011). Fibrosis can also be defined in other words, as a chronic inflammation
followed by a persistent immune response, where inflammation, tissue remodeling, and the
repair processes occurs concomitantly Wynn (2007). Wynn and colleagues also found that
fibrotic disorders all share a common feature, and that is the presence of a persistent
irritant resulting in the continued production of growth factors, cytokines, proteolytic
enzymes and angiogenic factors ,which work simultaneously and result in the accumulation
of the connective tissue elements Wynn (2007)Tomasek et al. (2002). Fibrosis is considered
the end stage of multiple diseases, naming; most chronic kidney disease, ends up with
renal fibrosis, leading patients to dialysis or even requiring kidney transplantation Liu
(2006). Any chronic liver disease also ends up with liver fibrosis Liu (2006), that might
develop to liver failure or cancer Aydin; Akcali (2018). And lung disease too mentioning of
them idiopathic pulmonary fibrosis Martinez et al. (2017). In addition to the chronic organ
diseases, there is also a number of autoimmune diseases such as rheumatoid arthritis Scott
et al. (2010), inflammatory bowel disease Torres et al. (2017), and any other chronic
inflammatory reaction due to allergic responses, chemical insults, and radiation was found
to develop fibrosis Wynn (2008). Although until these days fibrotic diseases have a large

impact on human pathology, being considered a health care burden with a high morbidity
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and a mortality that reaches up to 45% of all deaths in the developed world Distler et al.
(2019), there is no approved effective treatment strategies that target fibrosis Wynn;
Ramalingam (2012). The strategies to deal with fibrotic diseases rely nowadays mostly on
an attempt to neutralize the aggressor, but not all of them are easily diffusible or with a
known origin, which forces clinicians to try to find ways to control and reverse the fibrosis
Wynn; Ramalingam (2012), or target common mechanisms and core pathways that are of
central pathophysiological relevance across different fibrotic diseases Eyden (2001)Distler
et al. (2019). For example, two drugs that have been approved for the use in idiopathic
pulmonary fibrosis are Pirefenidone and Nintedanib, but the clinical experience with these
drugs is indecisive, and the long-term safety and efficacy of these medications is not
determined yet, not to mention the long list of their side effects Martinez et al. (2017).
Wound healing and fibrosis are in the beginning of their pathways somehow similar. After
injury, the wound healing mechanism will be activated, that initiates a reparative
coagulation anti-fibrinolytic cascade, which triggers blood-clot formation and formation of
a provisional extracellular matrix (ECM) Wynn; Ramalingam (2012), when endothelial or
epithelial damage occurs, platelets will be exposed to the ECM components, such as
collagen and vonwilbrands factor, and this will initiate the platelet degranulation and hence
promote vasodilation and increased vascular permeability Wynn (2008). Epithelial and
endothelial cells together with the myofibroblasts produce a number of chemotactic factors,
such as MMPs, which disrupt the basement membrane that recruit inflammatory
monocytes and neutrophils to the site of tissue damage Wynn (2008). But what
distinguishes the fibrosis is the presence of myofibroblasts which are the positive aSMA
activated fibroblasts, that instead of vanishing after a successful repair they persist Hinz
(2015).

Although different fibrotic conditions might have different inflammatory responses, it was
found that they all share polarization towards a T helper 2 (Th2) cell and M2 macrophage-
mediated response with the abundant release of pro-fibrotic mediators as a common
feature McAnulty (2007). Such mediators are responsible for controlling the response
triggered against aggressor agents, and for starting the tissue repair process McAnulty
(2007). In chronic inflammatory diseases, macrophages are the main characters in

expressing these mediators Fenyo; Gafencu (2013). These cells are differentiated, mainly
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from monocytes when they leave the circulatory system and invade the tissue to become
phagocytes and are able to produce inflammatory cytokines Yang et al. (2014). Besides
bone marrow hematopoietic cells, different sources were found to be the sources of
macrophages,  such as local proliferation of embryonic progenitor cells, which is
responsible for the generation of tissue-resident macrophages Braga et al. (2015) .They are
plastic cells and functionally subdivided into profiles that vary from an inflammatory
subpopulation the classical (usually called M1 macrophages) to the alternative known as
an anti-inflammatory one (usually referred as M2 macrophages Mosser; Edwards (2008).
Noting that anti-inflammatory macrophages can be derived from inflammatory ones or
resident cells Martinez; Gordon (2014)Atri et al. (2018). Inflammatory macrophages
importance also lies in the fact in that they express IL-1B, IL-23, TNF-a, and lipid-derived
mediators. Adding to it , the production of reactive oxygen species (ROS), which is
necessary to kill the invader and therefore responsible for the injury during inflammation
Martinez; Gordon (2014)Atri et al. (2018). Mediators prom the activation and accumulation
of the Myofibroblasts (activated fibroblasts) which can be determined as the main effector
in fibrosis and source of physiological accumulation of extracellular matrix in the
granulation tissue and for the excess deposition of interstitial extracellular matrix under
pathologic conditions Hinz (2015)Roberts et al. (1997). Myofibroblasts can be defined as
specialized fibroblast like contractile cells with the characters of smooth muscle cells.
Myofibroblasts are spindle-shaped cells, which are specified by the presence of
microfilament bundles (stress fibers) and a-smooth muscle actin (a-SMA). Their surface is
specified by their fibronexus junctions and prominent fibronectin, and present abundant
rough endoplasmic reticulum Eyden (2001)Desmouliére et al. (2003). Compared to other
cells they have shown to have a higher proliferation rate, the ability of migration, and
cytokine expression, Guarino et al. (2009). They synthesize a variety of inflammatory and
anti-inflammatory cytokines, chemokines, growth factors, inflammatory mediators, as well
as extracellular matrix components such as collagens , and proteases involved in matrix
degradation Desmouliere et al. (2003). The source of the myofibroblasts are either from the
bone marrow derived progenitors (fibrocytes), resident fibroblast responding to stress
Chapman (2004), or from different organs such as the lung, liver or kidney due to the

transitional process that occurs in the epithelial/endothelial cells known as the EMT Hinz
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(2015). Ghatak and colleagues described myofibroblasts, that it acts like a double-edged
sword Ghatak et al. (2018). Where a fine balance has to be maintained. On one side, it is
beneficial because it helps normal wound healing, but on the other side excessive action
can result in undesirable fibrosis resulting in contracture, scarring and so the loss of the
tissue architecture Ghatak et al. (2018). Fibrosis occurs when the synthesis of new collagen
by myofibroblasts exceeds that rate in which it will normally be degraded Ghatak et al.
(2015). Noting that normally myofibroblasts undergo apoptosis once the repair is
accomplished in a normal wound healing process but in fibrotic lesions where the
aggressor is persistent, apoptosis was found to be resistant Ghatak et al. (2015). Until the
day we can say that it’s controversial whether fibrosis can be completely reversed to the
extent where normal tissue structure is restored completely. Indeed, that’s because
researches have given evidence that advanced fibrosis is hypo-cellular , it has been
suggested that incomplete ECM degradation (irreversible fibrosis) develops when the
appropriate cellular mediators (the source of MMPs) are no longer present, and that means

that inflammation should be ongoing Issa et al. (2004).

2.2 Epithelial to mesenchymal transition

In the late 1960’s , a researcher under the name Elizabeth Hay made an observation of
changes in the primitive streak of chick embryos , where she described the epithelial to
mesenchymal phenotype changes, giving the idea that epithelial cells can down-regulate
their epithelial characteristics and acquire mesenchymal one’s “hay1995” (). Epithelial
mesenchymal transition (EMT) is a biological process, that is characterized by the changing
in the phenotype of polarized epithelial cells into mobile migratory mesenchymal cells, and
this occurs through a switch of the expressed proteins, ending up with motile, collagen
producing cells from an epithelial originCruz-Solbes; Youker (2017).This phenomenon is
a response to pleiotropic signaling factors that induce the expression of specific
transcription factors (TFs) named the EMT-TFs (e.g., Snail, Zeb..etc) and miRNAs together
with epigenetic and post-translational regulators Cano et al. (2000).What happens during
EMT is that the epithelial cells start losing their junctions, and apical basal polarity, they

also start to reorganize their cytoskeleton, reprogram their gene expression and shape,
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resulting in the loss of their epithelial characteristics and gaining mesenchymal ones such a
motility and collagen productionThiery; Sleeman (2006) Thiery et al. (2009). Basically the
epithelial cells have a structural function, and are impermeable; therefore, their most
prominent characteristic is apical basal polarity, and are held together laterally by tight
junctions, and adherent junctions, which are formed by cell surface epithelial cadherin (e-
cadherin) molecules Dongre; Weinberg (2019). They are also known by their adherence to
the basement membrane and to each other, and hence providing and anchor in the tissues
and lack the motility ability Xu et al. (2009).Upon the activation of EMT, the expression of
e-cadherin, which is considered a hallmark of EMT, together with certain cytokeratins, will
be repressed and gradually lost, while the expression of the genes associated with the
mesenchymal state will start expressing and gradually up-regulated, such as a smooth
muscle actin a N-cadherin integrin, fibronectin, and matrix metalloproteinase Yilmaz;
Christofori (2009) Xu et al. (2009). The cells morphological appearance changes too, where
they will start to reorganize their cortical actin cytoskeleton , and formation of
invadopodia or podosomes, that enables dynamic cell elongation and directional motility
Yilmaz; Christofori (2009).These changes in gene expression and repression of e-cadherin,
will prevent the repeated formation of epithelial cell-cell junctions and result in the loss of
the epithelial barrier function Peinado et al. (2007). This decrease in the e-cadherin is
usually balanced by the increase of the mesenchymal neural cadherin (n-cadherin), which
results in what’s known as a ‘cadherin switch’ that will alter the cell-cell adhesion
Wheelock et al. (2008).

The transcriptional factors that play a role in the changes that result in the repression of the
epithelial phenotype and activation of the mesenchymal phenotype involve master
regulators, including SNAIL, SLUG,ERK, TWIST and zinc-finger E-box- binding (ZEB)
transcription factors Lamouille et al. (2014). SNAIL represses the e-cadherin-encoding
gene, CDH1, through the binding to the E boxes in the CDH1 promoter and recruiting the
histone deacetylase (HDAC) activity Peinado et al. (2004). The EMT process does not
represent bipolarity between epithelial and mesenchymal cells, but instead is considered a
spectrum of different protein expression throughout the time that culminates in a complete
transition. Both EMT and the opposite process, known as mesenchymal to epithelial

transition (MET), are considered integral stages during development of many physiological
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processes that are closely and firmly coordinated by a number of molecular regulators Pei
et al. (2019)Hogan; Kolodziej (2002). EMT plays a main role in a diversity of biological
processes, in addition to the fibrotic process Kalluri; Neilson (2003)that we mainly pay
attention to here, it has also great and important roles in embryogenesis Hogan; Kolodziej
(2002),and cancer metastasis Saitoh (2018). It is separated into three types, each of them
presenting a different function in the mesenchymal cells at the end of the process. The type
I EMT is present in embryogenesis implantation, during the initiation of the placenta
development and organ development; the type II EMT, on the other hand, occurs during
fibrotic diseases in organs such as the liver, kidney, lung, and intestine, and it is also
associated with tissue regeneration and wound healing; the type III EMT is conceptually
present in the progression of cancer and in the invasion- metastasis cascade Kalluri;
Neilson (2003) Zeisberg et al. (2008). In the early embryonic life mesoderm formation and
neural crest development represent the key EMT programs, where their mesenchymal
changes allows them to further develop and differentiate into various cell types Yang;
Weinberg (2008). In cancer, the cells activate the EMT program to allow them to gain the
migratory ability, for either local invasion to nearby tissues, or distant organs via vessels
through blood or lymph Yang; Weinberg (2008). This ability is attributed to the type III
EMT that promotes a loss of cell adhesion and helps the invasion Yang; Weinberg (2008).
Both type I and type III EMT processes are reversible by the MET process after a tissue
invasion, and regain the epithelial characteristics, a reversion that does not happen in type II
EMT Campbell (2018). During fibrotic diseases, the main triggered mechanism is the type
II EMT. Here, the mesenchymal type of cells formed after complete transitions are
myofibroblasts and fibroblasts, responsible for expressing ECM components in tissue repair
after an injury Kalluri; Neilson (2003).Figure two shows the types and shows the difference

in the cells structure between bothe epithelial and mesenchymal cells.
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FIGURE 2
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Figure 2 : Showing the three types of EMT that have been recorded, with TYPE 1 to occur
in the embryonic development , TYPE 2 is the type that occurs during the process of
fibrosis, and TYPE 3 has shown to occur in cancer development and responsible for
metastasis. The image also shows the diference of stability between the epithelial and

mesenchymal cells. EMT: epithelial mesenchymal transition. Nishad et al.,2017

2.2.1 Type 2 Epithelial to mesenchymal transition

One of the driving forces behind fibrosis is the epithelial mesenchymal transition, which
as mentioned is considered the type two EMT. Once the tissue is triggered by different
pathogens whether viruses or bacteria, a series of signaling cascades happens, which will
activate the immune system .The immune system once activated results in the activation of
an inflammatory response that will result in EMTSun et al. (2017) Zeisberg; Hanai; et al.
(2003). Immune cells such as neutrophils, and macrophages recruits to the site of injury,
release an array of growth factors and cytokines, one of these growth factors is the
transforming growth factor beta (TGFB1), which is considered a key element in fibrotic
EMT Atala (2017)Wang et al. (2017). TGF-B1 binds to target molecules on the cellular
membrane known as TGF-f type I and type II receptors (TBR-I and II) creating a cascade
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of signals, and performs these various actions by directly activating a range of signaling
pathways including either Smad proteins, or the ERK/MAP kinases and micro RNAsHeldin
et al. (1997). During the past decade, a lot of evidence both in vitro and in vivo have
supported the important roles for TGF-B1 as an inducer of EMT. Subsequently , in
various lung diseases the underlying cause of fibroblast, goblet cell and pneumocyte
hyperplasia, which eventually ends up with fibrosis, has been linked to be under the
influence of EMT Kim et al. (2006)Liu et al. (2017).

For instance, a study using bronchial epithelial cells, TGF-B1 was found to stimulate
bronchial epithelial cells morphological change to mesenchymal type, and that was proved
by the down-regulation of e-cadherin and an up-regulation of aSMA expression quantified
by quantitative real time PCR Doerner; Zuraw (2009). And in another study targeting
asthmatic patients, primary airway epithelial cells from normal and asthmatic patients were
studied under the influence of TGF-B1 Hackett et al. (2009). Where the results showed that
after the exposure to TGF-B1 the epithelial markers such as e-cadherin was decreased,
while mesenchymal markers including fibronectin and a-sma showed to be increased.
indicating the occurrence of EMT Hackett et al. (2009). Another lung fibrotic disease, is
the idiopathic pulmonary fibrosis, the most common type of idiopathic interstitial
pneumonia Richeldi et al. (2017), where research in both animal models and human ,have
shown that activated alveolar epithelial cells secrete a variety of cytokines and growth
factors, including from these the TGF-B1, and that this leads to the recruitment and
activation of myofibroblasts Thannickal et al. (2004) Richeldi et al. (2017), with the fact
one of the main sources of the myofibroblasts here is the EMT/EndMT. And it was found
that the myofibroblasts derived from epithelial cells by epithelial-mesenchymal transition
(EMT), exhibit abnormal proliferation and ECM overproduction, resulting in the
development of IPF Lamouille et al. (2014) Thannickal et al. (2004). In kidneys, fibrosis
estimated that during the repair process, around 35% of fibroblast originate from
epithelial/endothelial mesenchymal transition Lamouille et al. (2014).Grande and
colleagues also highlighted the importance of EMT in the pathogenesis of renal fibrosis,
and reported that Snaill reactivation mediates the induction of cytokines and TGF-B1
Grande et al. (2015). And that this fibrosis in vivo animal models can be reversed through

the inhibition of SNAIL1 Grande et al. (2015).
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Studies in the liver too has shown that epithelial to mesenchymal transition occurs in
human liver fibrosis, such as biliary atresia and primary biliary cirrhosis with prominent
bile ductular proliferationDiaz et al. (2008) .Where Zeisberg et al. demonstrated that liver
cells that express albumin ,under the effect of the profibrotic growth factor TGF-B1
undergo phenotypical changes in vitroZeisberg et al. (2008), and that these hepatocytes in
vivo in response CCL4 to acquire the expression of fibroblast specific protein 1(
FSP1)Kaimori et al. (2007).Coming up to the conclusion that EMT is a major step in
development of fibrosis and that TGF-B1 can be considered a key regulator.

2.2 TGF-B1 - transforming growth factor betal

A lot of triggering factors have been implicated to the activation of EMT, one of the
most important is the TGF-f1 dependent pathway. TGF-B1 is a multifunctional growth
factor ,it’s a member of a large family that regulates a variety of key events in normal
development and physiology, mentioning from them; proliferation, differentiation,
apoptosis, adhesion and migration in various cells, including macrophages, activated T and
B cells, immature hematopoietic cells, neutrophils and dendritic cells Morikawa et al.
(2016).1t has also been implicated to embryogenesis, connective tissue diseases ,fibrosis
and cancer Clark; Coker () Morikawa et al. (2016). Early researches since the 1980s ,
guided by Todaro, Holley, Moses, Roberts/Sporn, Derynck, and Massague” laboratories, to
study the TGF-B1 led to the discovery of its characterization, pathways, and family
members Moses et al. (2016), and changed the incorrect belief that this cytokine was only
expressed in transformed cells during the establishment of cancer when it was studied in
cancer biology Moses et al. (2016).Until the day it was found that almost thirty three
different human genes have been identified that encode structurally related homomeric (and
also heteromeric) TGF-f family members Hinck et al. (2016). Other members that have
been recorded to belong to this family are the bone morphogenic proteins (BMPs), Activin,
nodal and anti-mullerian hormone (AMH), they share the similarity in their molecular
structure and are all reported to be involved in a number of cellular functions Chang et al.

(2002)Kingsley (1994).
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TGF-P exists in three main isoforms in humans (TGF-f1, TGF-B2, and TGF-B3), and they
share about 70-82% amino acid homology Lichtman et al. (2016). All secreted as inactive
precursors, high molecular weight complexes, that require activation before binding to the
TGF-B receptors Miyazono; Heldin (1991) ,and although they are encoded by distinct
genes, they have found to all share a similar homology and activate the same intracellular
signaling pathway ( Barton et al 1998). TGF-B1 is the most common studied and has been
defined as a master regulator of ECM accumulation and consequently a potential key driver
of fibrosis Bartram; Speer (2004). TGF-B1 has also been shown to play a dramatic role in
regulation of inflammation Gorelik; Flavell (2000)Slater, A. F. G., & Cerami (1992), where
the deletion of TGF-B1 gene in mice led to a rapid demise due to a sever systemic

inflammation followed by their death.

TGF-B1 comprises an important role in wound healing, where it plays a role in
macrophages chemo taxis to site of wound, increase of ECM synthesis, angiogenesis, and
the expression of proteinase inhibitors, including plasminogen activator inhibitor-1 (PAI-1),
and by decreasing the ECM-degrading proteins, such as collagenaseLichtman et al. (2016).
According to both Li et al. and Strutz et al. this pro-fibrotic activity is a potent inducer of
EMT and part of the TGF-B-induced EMT program, which changes the cell basement
membrane adhesion relation Li et al. (2003)Strutz et al. (2002). TGF-B1 have reported to
increase the expression of the extracellular matrix proteins fibronectin and both epithelial
and mesenchymal cells in vitro through transcriptional activation of relevant genes Ignotzs;
Massague8 (1986). In both experimental and human studies of fibrosis in in different
organs, TGF-B1 has shown to be up-regulated, Sanderson et al. (1995)Roberts et al.
(1986)(Kopp et al 1996). In one research subcutaneous injection of TGF-f in new born
mice, led to angiogenesis, collagen accumulation through the activation of fibroblasts, and
a fibrotic tissue response (Roberts et al. 1986). And it was also found that TGF-B1 is
responsible for the activation of both epithelial mesenchymal transition (EMT) and
Endothelial mesenchymal transition (EndMT) Zeisberg et al. (2008)Zavadil; Bottinger
(2005), and hence responsible for around 30-50% of myofibroblasts through the activation
of resident fibroblasts in renal fibrosis Zeisberg et al. (2008).
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Transgenic mice overexpressing TGF-B1 in the kidneys developed an in increase in
extracellular matrix material, including collagen fibrils, in subendothelial and mesangial
locations (Kopp et al 1996). Giving the evidence that TGF-B1 induced progressive
glomerular sclerosis, and is a cause of progressive renal fibrotic disease (Kopp et al 1996).
Similarly in the transgenic mouse model in which expression of mature TGF-f1 was
targeted to the liver, the mice developed elevated levels of type 1 collagen and sever

hepatic fibrosis Sanderson et al. (1995).

In other experimental models, where they used knockout mice, it led to a lethal multifocal
inflammatory disease, which later led to death ,and this gives an idea of how it also plays
different roles in maintaining homeostasis and in embryo genic development Kulkarni et al.
(1993) “kaartinen1995” (). TGF-B 1 signaling has also been blocked in T cells and the
bone marrow and the results were similar, where they ended up with sever multifocal
inflammatory responses Gorelik; Flavell (2000) Slater, A. F. G., & Cerami (1992). And
according to these evidence we can say that TGF-B1 is a master regulator of ECM
accumulation and consequently a potential key driver of fibrosis Bartram; Speer (2004).
The three isoforms to work binds to the transmembrane receptors the type I receptor
(TGF-BRI) and the type II receptor (TGF-BRII), both being threonine/serine kinase
receptors Maity et al. (2020). Where TGF-BRII is usually kinetically active while TGF-BRI
requires activation via TGF- Maity et al. (2020). When TGF-f link to TGF-BRII this
promotes a phosphorylation of TGF-BRI, which will phosphorylate the SMAD2 and
SMAD3 to form a hetero-dimeric complex with the common smad known as SMADA4,
together this complex translocate into the nucleus and result in the activation and
transcription of the related genes to perform different biological functions which include;
ECM production, epithelial mesenchymal transition induction, apoptosis and fibroblast
proliferation Maity et al. (2020). But in addition to its SMAD signaling pathway it also has
a known non-SMAD pathway through other transducers, and although they play a different
biological role they may also play a role in regulating the SMAD pathway Lan (2011) .
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2.3.1 SMAD

SMAD, named after the members Mad (the Drosophila gene Mothers Against
Decapentaplegic) and Sma (the Mad homologs observed in the nematode Caenorhabditis
elegans) Newfeld et al. (1996), have shown to be activated by a variety of cytokine
upstream pathways through pleiotropic molecules and are thought to constitute the core of

regulation for multiple genes with diverse activities Massagué et al. (2005).

SMAD’s are proteins, in the vertebrates they are eight known SMAD 1 -8,characterized
by a transcription factor function that responds to TGF-f signaling, which appears after the
phosphorylation of their receptors Massagué et al. (2005). The SMAD are classified
according to their function into two subgroups; the R-SMAD are what is known as receptor
activated sMADs, and they include SMAD’s 1,2,3,5 ,and 8, and the [-SMAD known as
the inhibitory SMAD’s and this group includes SMAD 6 and SMAD 7.And then there is a
CO-SMAD or a common smad and that is SMAD4 Guo; Wang (2009). The R-SMAD’s are
activated via the phosphorylation of their Carboxy terminal by either TGF-BRII (including
SMAD?2 and SMAD-3) or by BMP receptor (BMPR) (and include SMAD-1, SMAD-5, and
SMAD-8).And once activated they will bind to the Co-SMAD forming a heterodimer, this
heterodimeric complex translocates into the nucleus and activates the targeted transcription
genes Guo; Wang (2009). R-SMAD and Co-SMAD contain two highly conserved domains,
the Mad-homology domain 1 (MH1) and the MH2 domain, which are connected together
by linker region. Where their MH1 domains interact with the DNA, the MH2 domains

are endowed with transcriptional activation properties Piek et al. (2001).

[I-SMAD(which includes SMAD-6 and SMAD-7 as mentioned), on the other hand, inhibit

the signaling activity of the R-Smads and the formation of the Co-SMAD/R-SMAD
complex, which is considered important for creating a balance during non-fibrotic
functionsMacias et al. (2015). These two SMAD’s are activated by BMP and TGF-3
through the binding of their MH2 domain the type 1 receptor, thus preventing recruitment
and phosphorylation of effector SMAD’s. And hence can be described as an auto-inhibitory
feedback mechanism for ligand induced signaling Massagué et al. (2005), Howell et al.
(1999) Macias et al. (2015).
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Going back to the R-SMAD?’s, specifically SMAD-2 and SMAD-3, both SMAD’s have
shown to play a role in EMT in the context of fibrosis, and that is through the TGF-$1
signaling pathways. The different development roles of these two SMAD have been
reported in a number of studies, such as the absence of SMAD-2 or SMAD-3 expression
resulting from targeted deletion of the respective SMAD genes in mice models. For
instance, targeted deletion of either MH1 or the MH2 domain of the smad2 gene, was found
to be lethal to the embryos , due to failure to set up an anterior-posterior axis, gastrulation
and mesoderm formation “li1998” (), Piek et al. (2001)Weinstein et al. (1998).While the
mice targeted disruption of the SMAD-3 gene on the other hand where found to be viable
and survived for several months, which indicates that SMAD-3 is dispensable for
embryonic development Datto et al. (1999) Yang et al. (1999). With the fact that SMAD-3
knockout mice were found to be a lot smaller than the wild type ones, with the presence of

some type of limb malformation Datto et al. (1999)Yang et al. (1999).

Although the mice lacking of SMAD-3 weren’t embryonically lethal, several organs
were affected by a sever chronic inflammation and this led to their death after a while, as a
consequence of impaired immune function including defects in mucosal immunity Yang et
al. (1999). Therefore, SMAD-3 is not important to embryological development but it is
crucial in the pathobiology of fibrosis development Xu et al. (2016). This was explained
that there was a lack of responsiveness of SMAD3-deficient T cells to the growth inhibitory
effects of TGF-B1, and also due to the lack of the chemotactic response of smad3 deficient

neutrophils Datto et al. (1999) Yang et al. (1999).

In an investigation done using mouse embryo-derived fibroblasts deficient in expression of
Smad2 and Smad3, in order to detect the effect of loss of each of these key signaling
intermediates on induction of target gene expression by TGF-B1 Piek et al. (2001). The
experiment revealed that both SMAD-2 and SMAD-3 have distinct roles in TGF-B1
signaling, dependent on target gene and cellular context Piek et al. (2001). TGF-B1-induced
fibronectin synthesis occurs in the absence of SMAD-2 or SMAD-3 expression, but they
both showed a role in induction of PAI-1 protein Piek et al. (2001). The study also showed

induction of matrix metalloproteinase MMP-2 is selectively dependent on SMAD-2 ,and on
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the other hand that auto induction of TGF-B1 in fibroblasts was strongly suppressed in the
absence of SMAD-3 Piek et al. (2001) .

And although both SMAD-2 and SMAD-3 are found to be activated during fibrosis,
SMAD-3 is considered the key element in the signal transduction pathways that are
responsible for fibrosis .Fore, SMAD-3 target deletion in mice models has shown to
prevent the TGF-B1 induced epithelial to mesenchymal transition and caused attenuation of
the development of their fibrotic squeal Roberts et al. (2006). SMAD-3 activation leads to
an increased expression of fibrogenic genes, including a-sma and collagen I and III Latella
et al. (2009). Besides, SMAD-3 activation through TGF-B1 signaling triggers the induction
of tissue inhibitor of metalloproteinase (TIMP) Leivonen et al. (2013) and thus prevents the
degradation of ECM Xu et al. (2016).

SMAD-4 as mentioned is considered a common smad in both the TGFB/BMP 7 pathway
and the key molecule for shuttling the SMAD-2/SMAD-3 or SMAD-1/SMAD-5/SMAD-8
into the nucleus, “massague2000” (). Although to the day the role of SMAD-4 remains
unclear but the KO of SMAD-4 has also shown lethality in in early embryonic development
Sirard et al. (1998),but studies done on kidney disease has given a glimpse of its role,
where the distribution of the smad4 gene in kidney tubules decreased ECM synthesis in
vivo in obstructed kidneys, and in vitro in TGF-B1-treated kidney interstitial fibroblasts
Meng et al. (2012). Whereas the deletion of the SMAD-4 gene in in mesengial cells result
in inhibition of the ECM deposition that was induced by the TGF-f1 Tsuchida et al. (2003).

These differences have also been apparent in carcinogenesis, where SMAD-2 has been
implied as a tumor suppressor based on its mutation frequency that was reported in a
number of tumors Hata et al. (1998) Massagué (1998). Inactivating mutation of both
SMAD-2 and SMAD-4 were found to be associated early in colorectal carcinoma Eppert
et al. (1996), Hata et al. (1998). SMAD-3 absence whether of acquired mutations,
insertions, or micro-deletions have been reported in both skin and parathyroid tumors
(Tannehil-gregg et al. 2004)(Shattuck etal.2002). It is also reported that its somatic
mutation in association with both SMAD-2 and SMAD-4 mutations can cause sporadic
colorectal carcinoma Fleming et al. (2013). In addition to this it was also found that

SMAD-3 through its inhibition E4BP4-mediated NK cell development, can promote cancer
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progression. Accordingly, SMAD-3 functions as both a negative and positive regulator of
carcinogenesis depending on the cell type and on the clinical stage of the tumor (Millet and
Zhang 2007).

2.3.2 Bone morphogenic protein7 BMP7

Another important member of the TGF- family is the Bone morphogenic protein (BMP)
which was named so in the 1970’s by Marshall Urist, when he made a huge discovery of
its role in osteogenesis and bone formation (Urist 1965). In addition they have found that
members of this family also have roles in cell growth and differentiation in tissue repair and
embryogenesis Harland (1994). There are around 20 BMP’s that have been identified, and
they are subdivided into four groups, 1) BMP-2/4, 2) BMP-5/6/7/8a/8b, 3) BMP-9/10, and
4) BMP-12/13/14 based on their function and amino acid sequence similarity Bragdon et al.
(2011).

Our main concern of this large family is BMP 7, or what’s formerly known as Osteogenic
proteinl. The Bmp-7 compromises an anti-inflammatory, anti-fibrotic, anti-apoptotic, and a
proliferating stimulating function Sugimoto et al. (2007)Zeisberg; Bottiglio; et al. (2003).
BMP 7 is expressed in a variety of organs, including sensory, reproductive , lymphoid and
organ protectors Dudley et al. ()Nakase; Yoshikawa (2006) Luo; J J (), where it is
considered a pleiotropic growth factor and plays a crucial role in the development of
various tissues and organs, plus it plays a role where it maintains a number of physiological
processes such as bone development through calcium regulation and the healing of
fractures Nakase; Yoshikawa (2006). In addition it has shown to have an important role in
kidney and eye formation, where Bmp-7 KO mice die directly after birth due to renal
failure Dudley et al. ()Luo; J J ().While other studies has shown that the reduction of
BMP7 expression leads to Mesenchymal epithelial transition (MET) a number of diseases,
mentioning osteoporosis “winkler2003” (), diabetes Chattopadhyay et al. (2017), and even
cardiovascular disease Aluganti Narasimhulu; Singla (2020). The pathway by which BMP
7 works is similar to that of the TGF-B, where it binds to bone morphogenetic protein
receptor II (BMPRII) on the surface of cells and activates two major signaling pathways the

Canonical/SMAD dependent and the Non-canonical/Smad independent pathway Boon et al.
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(2011). In the canonical /SMAD dependent pathway the phosphorylation of the BMP R 1
via BMPRII results in the activation of the regulatory Smads that are specific for BMP
(SMAD-1, 5, and 8). Thereafter, phosphorylated regulatory SMAD proteins form a
complex together with  the co-stimulatory molecule Smad-4. This complex is then
transported to the nuclei to activate the related genes including genes responsible for and
genes that regulate osteogenic gene expression and consequently influences osteoblast
differentiation Bragdon et al. (2011)Boon et al. (2011).

In addition to its canonical pathway like TGF-B1, it can also activate a non-canonical
cascade that results in the activation of ERK (extracellular-signal-regulated kinase) and
MAPK (mitogen activated protein kinase), P38 and JNK kinase pathways, which plays
either a role in the regulation of the smad pathway or result in an induction of an unrelated
biological activity Derynck; Zhang (2003). Going back to the roles of BMP-7 as an anti-
fibrotic, it has been reported in a number of researches that BMP-7 is effective in reversing
both EMT and the fibrotic effect that is induced by TGF-p, in other words it counteracts the
pro-fibrotic effect of TGF-Bl.According to this , it is assumed that in a normal
physiological state there is balance between TGF-f1 and BMP-7, and that this balance will
shift during inflammation and fibrosis towards TGF-B1 Weiskirchen; Meurer (2013). This
has made it a therapeutic target in the treatment of both acute and chronic injuries. Zeisberg
et al. using mice with acute glomerular nephritis, showed that BMP7 has counteracts TGF-
B ability to induce EMT by increasing the expression of e-cadherin and leading to ECM
degradation Zeisberg; Hanai; et al. (2003). The same team used thBMP-7 on two mice
models that were genetically modified to mimic long term renal disease, and also found that
it inhibited the progression of renal fibrosis Zeisberg; Bottiglio; et al. (2003). Where in
previous study it was mentioned that it inhibits the release of pro-inflammatory cytokines in
renal tubular cells Gould et al. (2002), preserves the kidney function and increases the
patient’s survival rate Vukicevic et al. (1998), but the precise mechanism remained unclear.
Concerning the liver, studying the anti-fibrotic effect of recombinant BMP7 in CCL4-
treated mouse (carbon tetrachloride) models of liver fibrosis, the models showed an
increase in the levels of MMp2 and a decreased level of aSMA, and collagen typel with an

improvement of the liver function. Yang et al. (2012).
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Lou and colleagues studied the effect of BMP-7 on response to TGF-B1 in the proximal
tubular cell line (HK-2) Luo et al. (2010) and came up with the conclusion that BMP7
specifically results in limitation of SMAD-3, with no effect on SMAD-2, and that this
limitation didn’t alter SMAD-3 phosphorylation, accumulation in the nucleus nor did it
alter the phosphorylated SMAD-3 Luo et al. (2010).But what BMP7 did here, was it
reduced SMAD-3 DNA binding to a consensus SMAD binding element probe, related to a
failure to degrade the transcriptional repressor SnoN in BMP-7-treated cells Luo et al.
(2010).Noting that SnoN is a related protein,, that binds to SMAD proteins and to SMAD
binding elements in DNA and repress Smad-dependent transcriptional activation. SnoN
seems to be restricted to TGF-dependent Smad inhibition. Recent work demonstrated that
SnoN degradation is required for Smad3- but not Smad2-dependent transcription Luo et al.
(2010). Whereas a study of mesengial cells, showed that the induction of the inhibitory
Smad6 by BMP-7 led to loss of TGF- signaling and failure of nuclear Smad3 accumulation
Wang; Hirschberg (2004). Higgings on the other hand reported that this inhibition is done
through the decreased activation of PI3K signaling via Akt and also the inhibition of
SMAD-3 phosphorylation without any effect reported on SMAD-2 or the SMAD2/3/4
complex Higgins et al. (2017). These results might give an idea of the opposing effect
between BMP-7 and TGF- and is shown in figurel.

Reversing metastasis through blocking EMT has also been widely studied mentioning in
that field; Na et al. showed that BMP-7 inhibits migration and invasion ability of WM-
266-4 melanoma cell lines by decreasing the expression of Snail, Slug, and Twist
transcription factors Na et al. (2009) and in a study of choloangicarcinoma (CCA) where
the TGF-B1 enhanced the migration behavior of CCA cells associated with an up-regulation
of Twist , the BMP 7 showed to decrease it in comparison to the control, with a decreased
Twist nuclear expression. Suggesting that BMP-7 might be used as an EMT inhibitor to
prevent CCA metastasis Duangkumpha et al. (2014). Miettinen et al. showed that TGF-§
can induce EMT-related cell migration and invasion in normal mammary epithelial cell
lines by the changing of cell morphology and decreasing the expression of the epithelial
marker, E-cadherin, whereas the expression of mesenchymal markers were
increased Miettinen et al. (),and since the TGF-B1 receptor signaling pathway appears to

play a critical role in the carcinogenesis of breast cancer, in a research done using two
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different human breast cancer cell lines. They found that BMP7 did not alter the TGF1-
stimulated phosphorylation of TGF-p receptor, but what it did is that it inhibited the
TGFpB1-induced activation of epithelial-mesenchymal transition (EMT) associated genes in
these breast cancer cells, resulting in a significant reduction in TGFB1-triggered cell growth

and cell metastasis Ying et al. (2015).
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Figure 3: TGF-p and BMP-7 pathways. The TGF-p pathway is shown in its canonical
and non-canonical forms. The canonical pathway is Smad-dependent, in which the TGF-f
binds to the TGF-BRI and promotes a phosphorylation of TGF-BRII, which will posteriorly
recruit downstream signals that results in the phosphorylation of both Smad2 and Smad3 to
form a trimer complex with the Smad 4, a common Smad. This results in the trimer
translocation into the nucleus and activation of a number of genes related to cellular
functions and profibrotic effect including EMT, cell growth and apoptosis. The non-

canonical pathway, also known as the non-Smad signaling pathways, is mediated by other
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transducers, such as the p38 mitogen-activated protein kinase (P38MAPK) pathways, that
includes each of the extracellular signal regulated kinases (ERKs), AKT, c-Jun amino
terminal kinase (JNK), Rho family GTPases, as well as the IkB kinase (IKK) and
phosphatidylinositol-3 kinase (PI3K). The non-canonical pathway results in different
cellular functions and can amplify the Smad pathway. The BMP-7 pathway is activated
after the binding of the BMP-7 to the BMP-7R complex and results in the phosphorylation
of the Smadl1/5/8 to form a complex with the common Smad4 and translocate in the
nucleus to activate the opposing function to TGF-B, creating a normal physiological
balance between the TGF-B pathway, ultimately leading to an anti-fibrotic effect,
increasing ECM degradation and inducing MET.

TGF-B:Transforming growth facro beta,BMP-7:Bone morphogrnic protein7,P38 MAPK:
P38 mitogen activated protein kinase, IKK:Ikb kinase, JNK: c-Jun amino terminal

kinase,PI3K:phosphatidyl inositol-3 kinase,ERK: extracellular signal regulated kinase.

2.4 NLRP3 Inflammasome

The innate immune system being the first line of defense against any harmful stimuli,
becomes activates once exposed to one via the pattern recognition receptors (PRR).
Takeuchi; Akira (2010). The PRR is characterized by the ability of sensing different
pathogens and their components, which are either pathogen-associated molecular patterns
(PAMPs), or damage-associated molecular patterns (DAMPs) that are generated by
endogenous stressTakeuchi; Akira (2010). This recognition is then followed by an
activation of a downstream inflammatory pathway, which will end up in removal and
elimination of harmful microbes , and the repair of the damaged tissues Franchi et al.
(2009). One of these inflammatory pathways is what is known as the inflammasome, that
causes the cleavage of pro-caspase 1 ending up with the maturation of the inflammatory
cytokines IL1-f and IL18 Franchi et al. (2009).

A decade ago, Jurg Schopp and his team introduced to us what today is known as the
inflammasome ‘a sensor of danger’ which was described as a protein complex composed of
nucleotide-binding oligomerization (Nod) receptor, capable of activating an inflammatory

caspase that will eventually lead to IL-1 B production Martinon et al. (2002).Members of
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this Nod receptor family, which are shortly known as the NLRs are composed of three
domains, a carboxy-terminal leucine-rich repeat (LRR), which was described in its early
discovery as the one responsible for the sensing of the pathogen Ng; Xavier (2011). A
central NACHT domain ( also known as NOD domain) which has an ATPase activity
required for NLRP3 oligomerization following activation Duncan et al. (2007), and an
effector amino-terminal (N-terminal) domain (PYRIN or caspase recruitment domain
CARD) which is required for protein— protein interactions Proell et al. (2008). Hafner-
Bratkovic™ has reported that the LRR domain function is still to be considered unclear,
since it was found that the inflammasome was fully activated in the absence of LRR,
suggesting that its sensor function is probably executed by another domain Hafner-
Bratkovic€ et al. (2018).

In the humans, the NLR family is a large family of 22 members, but it’s classified into 4
subfamilies according to their effector N-terminal domain configuration; the NLRA
(with the acidic domain), NLRB (BIR domain), NLRC (CARD domain) and NLRP (Pyrin
domain) subfamilies Ting et al. (2008).

The subfamilies which constitutes of Pyrin as an amino terminal are considered to be the
major forms of the inflammasome: NLRP1, NLRP3, Aim-2, and Pyrin S.A.; K.A.
(2011)Zoete et al. (2014). In general we can describe it that once these inflammasomes are
exposed to either a PAMP or DAMP , their proteins bind and the pyrin domain of the
NLRP interact with ASC adaptor protein resulting in the inflammasome assembly. Which
then causes the activation of the caspase-1 through the binding and cleavage of its
inactive precursor the procaspase-1 Zoete et al. (2014) Manji et al. (2002). Procaspase-
Iclustering results in the auto-cleavage to lead to the formation of the active form caspase-
1 pl0/p20 tetramer, to cause the processing of the pro-forms of ILI-f and IL-18
cytokines, making them active Schroder; Tschopp (2010). In addition to the release of the
inflammatory cytokines, it was found that it also causes the cleavage of gasdermin-D,
which causes the N-terminal domain of GSDMD to form pores in the plasma membrane,
and triggering pyroptosis a type of pro-inflammatory programmed cell death Fink; Cookson
(20006).

The most studied inflammasome is the NLRP3 inflammasome. This is linked to the fact

that NLRP3 inflammasome has been found to be involved in a variety of inflammatory



32

disorders when  deregulated or activated, including cryopyrin-associated periodic
syndromes (CAPS) Booshehri; Hoffman (2019), Alzheimer’s disease Heneka et al. (2013),
diabetes Ding et al. (2019), gout Dalbeth et al. (2016) and atherosclerosis Grebe et al.
(2018). Figure 5 shows the structure of the mostly studied NLRP3.

Activation of the NLRP3 inflammasome is divided into a canonical and non-canonical.
NLRP3 activators alone are found to be insufficient for the inflammasome assembly ,and
for the complete activation it was found that a priming signal is required .This is activated
by a priming stimuli, such as ligands for toll-like receptors (TLRs), NLRs (e.g. NOD1 and
NOD?2), or cytokine receptors, which activate the nuclear factor (NF- kB) that controls the
transcription Bauernfeind et al. (2009). NF-kB is considered a key activator of the
inflammasome , and plays a critical role through the transcription of NLRP3, and pro-
IL-1B in addition to an anti-inflammatory role that was reported where it was found to
prevent immature and excessive NLRP-3 inflammasome activation Zhong et al. (2016).
The second step in the canonical pathways, following the NLRP3 activation is the
oligomerization phase of the complex, this step results in PYD domain clustering, which
leads to a homotypic interaction with the PYD- and CARD- containing adaptor ASC, and
this results that the CARD- domain in the ASC will recruit with the CARD- of the
procaspasel, hence it’s cleavage and activation Schroder; Tschopp (2010). After the
inflammasome assembly it will be activated and start performing its functions, which are
converting the inactive pro-IL-1p and pro-IL18 to their active forms Pellegrini et al. (2017).
In addition and as mentioned it will also result in the cleavage of the pore forming protein
known as Gasdermin-D (GSMD) to result in a type of programmed cell death called
Pyroptosis Shi et al. (2015). This type of cell death is and inflammatory form characterized
by cell swelling followed by lysis, and ending up with the release of the cells intracellular
contents. What happens it the once the GSMD protein is cleaved, it’s N-terminal domain is
oligomerized and translocates to the inner cell membrane, where it binds to the
phospholipids (phosphatidyl-serine and phosphatidylinositol), this will promote the pore
formation and thus the release of the pro-inflammatory cytokines IL-1p and IL18 Liu et al.
(2016). This pore formation and release will gradually result in the cell swelling and the
overflow of the cytosol content resulting in a disruption of its osmotic potential leading to

the cells death Liu et al. (2016). In a study done by Shi and colleagues they demonstrated
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that this release of IL-1B was increased during pyroptosis. Where they used gsmd-/- bone
marrow derived macrophages (BMDM) and observed a conserved caspase-1 action
downstream the NLRP3 activation. And the results however showed that the secretion of
IL-1B in these knockout cells was reduced when compared to the wild type ones Shi et al.
(2015).

Another pathway mentioned is the non-canonical pathway , which is different from the
canonical pathway in both the activating ligand and the underlying activation mechanism ,
Which is considered a caspase -1 independent ,but a caspase 11(in mice) and caspase (4/5
in humans )dependent. It was found that caspase-11 non-canonical inflammasome is the
only molecular platform capable of inducing an inflammatory response when triggered by
the Gram negative bacteria Lipopolysaccharide (LPS), and that is through the interaction
between Lipid A of the cell wall and the CARD domain of the caspase 11 Yi (2020).r Other
activators of the non-canonical inflammasome include the lipophosphoglycan (LPG) which
is found in the protozoa leishmania cell wall, and the oxidized form of endogenous
phospholipids, 1-palmitoyl-2- arachidonoyl-sn-glycero-3-phosphorylcholine (oxPAPC) but
until the day they are unclear and further studies about them seem to be required (Carvalho

et al.2019).

This pathway is also first initiated through an intracellular TLR adaptor, TIR-domain-
containing adapter-inducing interferonf(TRIF),which is capable of recognizing gram-
negative bacteria, and results in the induction and activation of the non-canonical pathway
Yi (2020).In this pathway, in addition to the classical translocation of the NF-«xB
transcription factor into the nucleus, promoting the transcription of NLRP3 and pro IL-1f
that occurs in the priming signaling ,here it will also result in the transcription of regulatory
factors of interferon’s 3 and 7 (IRF3 and IRF7) Pellegrini et al. (2017). Once this
extracellular LPS derived from the gram-negative bacteria reaches the host cells it enters by
receptor-mediated endocytosis, and then this internalized LPS directly interacts with
caspasel1Yi (2020)forming the LPS-non-canonical inflammasome Yi (2020). And
although it was reported that caspase 11 and caspase 4/5 don’t play a direct role in the
activation of IL-1p or IL18 Vigano; Mortellaro (2013). But Vigano et al has confirmed that
a functional caspase 11 is required in LPS primed macrophages for the processing of

caspase 1 and the release of IL-1p and IL18, as much as it requires NLRP3 and ASC,
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whereas IL-1a production is fully dependent on caspase-11Vigano; Mortellaro (2013).And
that Casp11-/- mice, exhibited defects in IL-1p production as reported by Kayagakil et al
Kayagaki et al. (2011). Yi et al also supported this recently reporting that the non-
canonical pathway activation plays a role in the proteolytic activation of GSDMD
generating N-GSDMD-mediated membrane pores, allowing the secretion of the pro-
inflammatory cytokines IL-1P and IL18, followed by increase in the osmotic pressure, cell
swelling and eventually cell lysis known as the programmed cell death the pyroptosis Yi
(2020).

A more recent structure that has been implicated to the inflammasome, is the NIMA-related
kinase 7 (Nek7) and specifically the NLRP3 inflammasome, where it was reported that it
doesn’t interact with either NLRC4 or AIM2 inflammasome He et al. (2016). Nek7 was
reported by Schmid-Burgk et al. in an experiment based on a CRISPR/Cas9 technology
that it is essential for the activation of NLRP3Schmid-Burgk et al. (2016),and Nek7 was
found to bound to the NLRP3 inflammasome through the interaction with the LRR region
Shi et al. (2016). It was also reported that the deficiency of Nek7 in macrophages led to the
failure of activation of caspasel and hence the absence of the release of IL-18 and IL 18 He
et al. (2016). But until the day the structure and the pathways of the inflammasome

remains controversial proving the requirements of more further studies.
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Figure 4 : Showing the Inflammasome NLRP3 main confirmed structures after assembly
which are three domains, a carboxy-terminal leucine-rich repeat (LRR), which was
described in its early discovery as the one responsible for the sensing of the pathogen A
central NACHT domain ( also known as NOD domain) which has an ATPase activity
required for NLRP3 oligomerization following activation and an effector amino-terminal
(N-terminal) domain (PYRIN or caspase recruitment domain CARD) which is required for

protein— protein interactions.Silvis et al 2020.

2.4.1Interleukin-1p (IL-1pB)

Menkin and Beeson studied in the 1940s the pathogenesis of fever. In their studies they
reported that once the rabbit peritoneal exudate cells were stimulated, they were able to
release factors, which caused the induction of fever (Dinarello 2002). Several years later
another researcher Waksman, studying myeloid cells described a soluble factor which
was released from them, this factor was found to activate lymphocytes , and they named
them accordingly lymphocyte activation factor, which was renamed interleukin in 1979
(Dinarello 2002).

The interleukin family consists of 11 members (IL-1a, IL-1pB, IL-1RA, IL-18, IL-36Ra, IL-
360, IL-37, IL-368, IL-36y, IL-38, and IL-33) Dinarello (2011), the importance of these
interleukin family members was noticed when they discovered that that the cytoplasmic
domain of the IL-1 receptor type I (IL-1R1) is also found in the Toll protein of the fruit fly.
Both the TLR and IL-1 families nonspecifically were found to play a role in both the
augmentation of the antigen recognition and the activation of lymphocyte function
“gay1991” ().These members are divided into three subfamilies based on their consensus
sequence and the primary ligand receptor to which they bind. With the exception of IL-1Ra,
all members of the IL-1 family lack a signal peptide and are not secreted active Dinarello

(2018).They are usually found diffusely in the cytoplasm as precursors Towne et al. (2011).

There are 10 members of the IL-1 family of receptors. IL-1R1 binds IL-1a, IL-1f, and IL-
1Ra. IL-1R3 (formerly IL-1R accessory protein) is the co-receptor for forming a trimeric
signaling complex with IL-la or IL-1B. IL-1R1 and IL-1R3 are present on the cell

membraneBoraschi et al. (2018). Over the last years many studies have been focused on it,
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and came with the conclusion that it doesn’t only mediate fever, but it has a role in
mediating acute and chronic inflammatory disease Dinarello (2011), including osteoarthritis
Kapoor et al. (2011) (Vincent TL), rheumatoid arthritis, and diabetes (Ruscitti et al 2018).
Where this pro-inflammatory cytokine was found to be synthesized as a precursor protein,
and for activation it’s cleaved together with IL-1a and expelled from the cell very early in
the course of inflammation, playing a role in assisting host defense against infection and
inducing first localized inflammation, and eventually leading to a systemic inflammation
and fever. Both IL-1a and IL-1B share IL-1R1 as their common receptor (Dinarello 1996),
which were proven when a low dose of recombinant IL1B protected mice from lethal
bacterial infection Van Der Meer et al. (1988). In 1992 the fact that IL-1p was secreted
inactive and became activated by caspase-1 was still unknown, where Thornberry identified
the requirement of an enzyme for the maturation of IL-1p, and at that time caspase was still
being identified as Interleukin 1-converting enzyme (ICE) “thornberry1992” (). It wasn’t
until ten years later that Fabio Martinon and Jurg Tschopp introduced to us to what is
known as the inflammasome, as a cytosolic protein complex responsible for the processing
of the pro-inflammatory cytokines through the activation of caspases Martinon et al.
(2002).After the activation via caspase-1 , the IL-1 B bind to IL-1 receptor 1 (IL-1R1). IL-
IR1 which belongs to the large family of Toll-like/IL-1 receptors(TIR)superfamily
receptors. And similar to the Toll like receptors (TLRs), IL-1R1 signals through the adaptor
protein MyD88, which will then lead to the activation of the transcription factor NFB to

initiate the inflammationRe et al. ().

The inflammasome and The IL-1f are involved in the pathogenesis of many inflammatory
disorders, although yet the mechanism by which IL-1Bis involved in fibrosis can be
considered still unclear and complex. One of the main hypothesis, explains that this
relationship is between the inflammatory cytokine and TGF- 3 Luo et al. (2009). According
to Luo et al. the short exposure of IL-1f inhibits the action of TGF-f via the NF-xB
pathway, and consequently, the Smad pathway, responsible for the transcription of the
TGF- B -encoding genes. However, this situation is transient due to a change in the NF-kB
heterodimer from p65/p50 at 24h exposure to IL-1pLuo et al. (2009).The newly formed
heterodimer is not capable of inactivating Smad and thus the prolonged exposure to IL-13

will ultimately promote the expression of TGF-$ via SMAD Lee et al. (2006). And so such
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data can be considered to represent the first finding regarding the potential of IL-1p in

activating TGF-f in vascular muscle cells Lee et al. (2006).

Similar and considered the most identical to IL-1p is the IL18, which also requires to be
cleaved for activation. This cleavage was also found to be mediated via the inflammatory
caspase, such as caspasel,which is activated via the inflammasome, and which converts the
inactive full length I1-18 to its 17 kDa mature form to be secreted Novick et al. (2013).Once
its activated, it is released mainly by the myeloid cells, binding to its own receptor, the
IL18 receptor, but yet considered similar to the IL-1R1.IL18 was found to induce an
increase in the (IFN)-y production. Accordingly, in autoimmune diseases such as lupus
erythematous, psoriasis, or inflammatory bowel disease, that are provoked by interferons,
the levels of IL18 has been found to be raised in inflamed tissue Dinarello (2009).This pro-
inflammatory cytokine has proved its relation to EMT in a study performed by Bani-Hani
and colleagues, using transgenic mice overexpressing human IL-18-binding protein in HK2
cells, where fibrosis was enhanced by ureteral obstruction, and led to a significant increase
in IL-18 production, collagen deposition, a-sma, TGF-B1, and TNF-a production, whereas
E-cadherin expression was simultaneously decreasedBani-Hani et al. (2009).Further
analysis revealed that neutralization of IL18 led to reductions in these indicators of
obstruction-induced renal fibrosis and EMT, without any alterations in TGF-B1 or TNF-a
activityBani-Hani et al. (2009). Another study done by Zhang and colleagues showed that
the IL-18 is highly expressed in bleomycin-induced pulmonary fibrosis, here they used an
IL-18 binding protein to block IL-18, and, as result, it prevented the EMT induction
through the reduction of a-sma and the reestablishing of e-cadherin Zhang et al. (2019).
The downstream signaling pathway of IL18in the induction of EMT, is believed to be
through the transcriptor SNAIL1, where this is supported by the finding that this factor was
found to be up-regulated after IL18 treatment. In addition the SNAIL1 knockout approach
reduced the a-sma and increased the e-cadherin using the same IL18 treatmentZhang et al.

(2019).
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2.4.2The role of EMT on inflammasome assembling

The NLRP3 protein is best known as the functional component of the inflammasome,
which recruits together with ASC and cleaves pro-caspasel, to result in the maturation of
the pro-inflammatory cytokines IL1-f and IL18.And until the day the role of the
inflammasome in fibrotic disease still remains a question and whether this relation is
inflammasome dependent or independent requiring only the presence of NLRP3 protein is
still controversial .In a study of chronic kidney injury where fibrosis is the main cause of
the end stage of the disease, a group of researchers came up with the result that the genetic
ablation of NLRP3 protected the kidney from chronic injury and reduced fibrosis
following unilateral ureteric obstruction(UUQ) in mice Vilaysane et al. (2010).Where the
results showed a significant decrease in all of the inflammasome components, including
caspasel, IL1-p and IL18 Vilaysane et al. (2010).But the exact role was unknown ,and that
the tubular epithelial cells showed a significant expression of NLRP3 that contributed to the
experimental disease pathogenesis Vilaysane et al. (2010). While another research led by
Wang showed that NLRP3 promotes renal tubular EMT by enhancing TGF-B1 signaling
and R-Smad activation. And that Nlrp3-/- mice showed a decrease in the EMT via TGF-B1
to induction and so did the expression of MMP-9, MMP-2, and aSMA decrease Wang et
al. (2013),but in this case , the effect of Nlrp3 on MMP-9 and aSMA expression was
inflammasome independent, whereas MyDS88, IL-1b, IL-18, and caspase-1 were all
dispensable. Wang et al. (2013).They also noted a significant reduction in SMAD2/3
phosphorylation in NLRP3 -/- mice, following stimulation with TGF- B1, confirming that
Nlrp3 affects early TGF-PB signal activation in epithelial cellsWang et al. (2013).These
results are also supported by another study, but in colorectal cancer cells, demonstrating
that the NLRP3 expression alone , but not the NLRP3 inflammasome complex activation as
a whole was required for EMT, in a model in which cancer cells were transfected with
inflammasome-related genes, such as NLRP3Wang et al. (2016) .And it was found that
cleaved caspase-1 after the induction of EMT via TGF-B1 was not detected supporting the

fact that it was inflammasome independent Wang et al. (2016).
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Hackett et al. demonstrated that TGFB-1 induces EMT and that was found in both normal
and asthmatic primary bronchial epithelial cells in vitro and he reported that it was smad3
dependent Hackett et al. (2009). In a further investigation based on this finding, Doerner
and colleagues tried to link this relation between both TGF-B1 and EMT, and investigated
whether the TGF-B1 stimulates bronchial epithelial cells to undergo transition to
mesenchymal phenotype, and they also wanted to know if this transition is abrogated by
the effect of corticosteroids and if it was enhanced by the pro-inflammatory cytokine IL-
1BDoerner; Zuraw (2009).depending on the fact that TGF-B1 levels were found to be high
in bronchial alveolar lavage(BAL) obtained from asthmatic patients and that the levels
increased simultaneously with the increased allergensRedington et al. (1997) They came
out with the result that the induction via TGF-B1 results in an increase in the mesenchymal
markers such as collagen I, tenascin C,fibronectin and a-smooth muscle actin, and a
decrease in the expression of the epithelial marker e-cadherin, with a significant change in
the cell shape Doerner; Zuraw (2009). And that IL1-B enhanced these changesDoerner;
Zuraw (2009).Another common fibrotic disease, Idiopathic pulmonary fibrosis , where
epithelial mesenchymal transition has shown to play an important role in its development,
and EMT being one of the three main sources of fibroblast Salton et al. (2019),a study
revealed that the levels of NLRP3 and caspase-1 were significantly increased together with
IL-1B  in the untreated broncho-alveolar lavage fluid macrophages of IPF patients
Lasithiotaki et al. (2016).Based on these information a study that took place in 2017 where
they studied the relation between inflammasome NLRP3 regulation of EMT and bleomycin
induced fibrosis Tian et al. (2017).Inflammasome related proteins such as NLRP3, ASC
and caspase 1 were found to be up-regulated after treatment with bleomycin in the alveolar
epithelial cells type2. The treatment with bleomycin also showed a change in the epithelial
mesenchymal markers, where e-cadherin decreased and o-SMA increased. And when
measuring the levels of IL-18 and IL18 the results showed a significant increase in the
levels of IL-1B compared to IL18 which might indicate its role in the progression of
pulmonary fibrosis. Later to link the relation of the NLRP3 inflammasome to the EMT ,
they silenced the NLRP3 and the measurements came back with results, that there was a
significant decrease in the NLRP3 proteins and IL-1p together with the mesenchymal

markers, while the epithelial markers such as e-cadherin started increasingTian et al.
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(2017) .Following these results, measurement of the key regulator TGF-B1 which also
showed a reduction after silencing NLRP3.These results suggested that the NLRP3
inflammasome was activated in type II alveolar epithelial cells and that NLRP3 may

modulate EMT through TGF-B1 signaling pathwayTian et al. (2017).

And since NLRP3 inflammasome is the best characterized and most widely implicated
inflammasome in acute or chronic lung diseases, especially in inflammatory or fibrotic lung
diseases Pinkerton et al. (2017). Concerning fibrotic lung disease too, mainly silicosis, a
research took place in order to link a direct relation between NLRP3 inflammasome and
EMT. Silica proved to be capable of inducing the transition of epithelial cells to the
mesenchymal phenotype and it also up-regulated the expression of the NLRP3
inflammasome where both IL-1p and I118 levels were high Li et al. (2018). And although
previous studies may have linked the relation via IL-1B could also activate Wnt/GSK3f
signaling ,TGF-/Smad signaling ,and augment TGF-B-induced EMTKaler et al. (2009).In
this study the inhibition of the NLRP3 ended up inhibiting the EMT process via IL-1p3-
TAK1-MAPK-Snail/NF-kB pathwayLi et al. (2018).Romero et al suggests that there is a
physical interaction between the NLRP3 and the smad 2/3 transcription factor in the cytosol
in order to regulate the expression of genes responsible for EMTRomero et al. (2017).And
came out with the conclusion that NLRP3/ASC expression was increased in kidney fibrosis
and that it was both inflammasome related caspase-1 and non-inflammasome related P-
Smad 2/3 pathways Romero et al. (2017). According to these studies and until the day , we
can say that the relation between the inflammasome and EMT remains controversial , and
for better clarification more studies are required, especially the point of the dependence of

the NLRP3 complex formation for the EMT process to occur.
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3. MATERIALS AND METHODS

3.1 Cell lines

The cell lines used in the project were the human proximal tubular cell line HK2 cells that
were cultured in Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10%
fetal bovine serum and at 37°C in a humidified atmosphere of 21% O and 5% CO?, These
cells were chosen for their ability to be easy moved to in vivo. The murine proximal tubular
epithelial cells MM55.7 that were cultured in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10 %fetal bovine serum and at 37° C in a humidified
atmosphere of 21% O and 5% CO”. And the human embryonic kidney cell line HEK-293
cells were cultured in Dulbecco’s modified Eagle’s medium (DMEM) supplemented with
10% fetal bovine serum and the at 37°C in a humidified atmosphere of 21% O” and 5%
Cco”.

3.2 Preparation of the inflammasome reporter genes

In the present work the genes of interest are those encoding the inflammasome-forming
proteins NLRP3 and ASC. The plasmids were obtained by donation from researcher Eicke
Latz, from the University of Bonn's innate immunity laboratory, on circularly designed
filter paper in the center where the plasmids were located. The circle was cut using scissors
and inserted into a 1 mL tube along with 40 pL of buffer and centrifuged for 30 seconds to
recover the plasmid on the filter paper. The next step was to insert the recovered plasmid
into E.coli. To this end, 3 puL of the plasmid was added to 1 mL tubes containing E.coli in
solution located in an ice box. For the plasmid to be transformed it was necessary to
provide a thermal shock to the bacteria containing the plasmid. The thermal shock was
performed at 42°C for 42 seconds. After this shock the contents of the tube were transferred
to a new tube all containing SOC medium and centrifuged at 37 © C for 45 minutes at 1200
rpm. The last step was to transfer the contents of the SOC medium tube to an ampicillin-
containing petri dish, as it is the antibiotic in which the plasmids contain the resistance

gene.
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3.3 Knockout of Smad3 and BMP-7 via CRISPR

The plasmid obtained was the PX601 and the restriction enzyme used was the Bsal, The
gRNA of both smad3 and BMP-7 was designed using the CRISPR design website
CHOPCHOP.com ,the sequence of the primers for smad3 is F;
5’CACCGAATCCGATGTCCCCAGCACS3’ , R; 5’AAACGTGCTGGGGACATCGGATTC3”
and  for BMP-7; F; 5-CACCCATGAGCTTCGTCAACCTCG-3" R;
5’AAACCGAGGTTGACGAAGCTCATG3'. To open the plasmid we used lul of the
restriction enzyme Bsal, 5ul of the plasmid, 2ul of buffer and completed to 20 pl with

water, the mix was left for 2 hours in 37° ¢ before running the gel and purified.

3.4 Oligo DNA phosphorylation and annealing

For the primers annealing, we used 50ul of the designed primer forward and reverse
together kept at 95°c for 10 minutes followed by 25° ¢ for 45 minutes. The binding was
done where the designed primers were diluted , and then 10 pl of this diluted primer was
prepared with the DNA , T4 ligase buffer and ligase and completed with water left in 4°c
for three hours followed by 16°c overnight and then at 22°c for four hours before plating

and 72° for 15 minutes to inactivate the enzyme.

3.5 Miniprep

For the next steps of the project it was necessary to recover these transformed plasmids into
E.coli. For this, the miniprep protocol was performed for the formation of a plasmid DNA
concentrate. Before starting the protocol, inoculum were prepared to be used in miniprep.
These consist of removing a colony from the petri dish and placing them in inoculum
glassware with SmL of LB medium (Luria-Bertani), 2.5 ul of ampicillin. The inoculum
glass remains in a shaker at 37°C overnight (16h to 20h after inoculum preparation).The
miniprep protocol started by removing 1.5 ml from the inoculum and adding it to a volume
of 1.5 ml. Then centrifuge the tube and discard the supernatant, keeping the pellet in the
tube. After discarding, we added 200 pL of the first solution of protocol P1 to suspend the
pellet, then we added solution P2 and homogenized the tube. Then the last P3 solution was
added. The next step was to centrifuge the tube at full speed (15000 rpm) for 12 minutes.
In a new 1.5 mL tube, 600 pL of 70% chloroform was prepared to add 600 pL of the

supernatant formed in the last centrifugation. Under the same conditions a new spin in the
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centrifugation was done of maximum rotation for 12 minutes. The next step we added 1
mL of ethanol into a new 1.5 mL all which will receive 400 pL of the previous
centrifugation supernatant. Then it was incubated at -20 ° C for at least 15 minutes. Finally,
it underwent a maximum rotation spin for 20 minutes, the supernatant was discarded and
the ethanol was dried and then suspended with 30 pl of MiliQ water. The end result was
then kept frozen at -20°C.

3.6 Transduction

The DNAs of interest were transfected into the HK-2 cells, the transduction was done using
Lentivirus delivery, the Lentivirus was constructed using the DNA sequence that encode
the viral proteins, that are the capsid and effector moiety. This construction is performed by
transforming the DNA of the virus component into the E.coli bacteria to synthesize the
proteins that make up Lentivirus. After transformation into the E.coli the DNA was
recovered via miniprep for lentivirus assembly, which was transfected into HEK-293 cells
next to the DNA of interest. Following the transfection into the HEK 293 cells, the
supernatant from the lentivirus containing medium was collected with the DNA to be
overexpressed in HK-2 cells. This supernatant was added to the HK-2 cells medium, where
Lentivirus delivers the DNA of interest for expression in HK-2.In the present project, the
DNA of interest are the inflammasome components, being NLRP3-GFP and ASC-
Cerulean. The production of the Lentivirus follows the same steps of obtaining the
inflammasome genes. Plasmid DNAs containing the sequence coding for P-CMV and
VSV-G viral proteins were obtained by donation from the Department of immunology
located at the Institute of Biomedical Sciences of the University of Sao Paulo (USP). The
contents were transported on filter paper to Curitiba. The filter paper containing the plasmid
was cut with scissors and added into ImL tube along with 40ul of buffer and centrifuged
for 30 seconds to recover the plasmid on the filter paper. The next step was to insert the
recovered plasmid into E.coli. To this end the , 3ul of the plasmid was added to 1 mL tubes
containing E.coli in solution and put in an ice box .For the plasmid to be transformed it
was necessary to provide a thermal shock to the bacteria containing the plasmid , the
thermal shock performed was at 42°C for 42 seconds. After the shock the contents of the
tube were transferred to a new all containing SOC medium and centrifuged at 37°Cfor 45

minutes at 1200 rpm. The last step was to transfer the SOC medium tube to an ampicillin
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containing petri dish as it is the antibiotic in which the plasmid contains the resistance gene.
The plate was kept in a temperature controlled colony growing green house that contains
only the genes of interest, in this case the genes that encode the proteins to be used to
construct the temperature controlled lentivirus, P-CMV, VSV-G .and overnight period .The
next day the plates were removed from the green house and pre inoculations were prepared

for a miniprep and only the recovering DNA was present in the colonies.

3.7 Sorting

Following Transfection , only cells that have successfully delivered DNAs of interest
should have been recovered , for this the cells were sorted using the FACS\Melody
equipment at the CTAF(Center for advanced Fluorescence Technlogies) located in the
biological Science sector of UFPR. To undergo the process of sorting the cells were
removed from their culture media and added to PBS for the passage in the equipment, and

should be returned to the culture media after passing through the equipment.

3.8 Induction of EMT using TGF-

The MMS55.7 cells were divided into three groups a control group and a EMT induced
group were 5 ng/ml of TGF-B was used to induce the epithelial mesenchymal transition,
and a third group that was supposed to be transfected, and following the transfection , EMT
was going to be induced via TGF- . The pictures were taken using microscope Image J at
24 and 48 hours for both the control and induced. The same step was supposed to be

repeated on the HK-2 cells using either 5 ng/ml or 10 ng/ml of TGF-p.

3.9 Confocal microscopy

The cells after being transfected with genes encoding the fluorescently labeled
inflammasome proteins, NLRP3 GFP + and ASC Cerulean +. After induction of EMT via
TGF-B, it was expected to observe the placement of inflammasome proteins in the confocal

microscope

3.10 Western blotting
Western blotting was performed on cell lysates collected from murine MMS55.7 cells after
the induction of EMT using TGF-B for detection of a-SMA, and E-cadherin. Proteins were

separated on a Sodium dodecyl sulfate/Polyacrylamide gel electrophoresis gel
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(SDS/PAGE), transferred onto a polyvinylidene fluoride (PVDF) membrane and subjected
to immunoblot analysis. Blotting was performed using antibodies against a-SMA (1:1000
Dako), E-cadherin (1:2000, Dako). After rinsing with Tris-buffered saline supplemented
with 0.1% BSA in (TBST), the membranes were incubated with a fluorescent anti-mouse
antibody for 60 min at room temperature. The detection of specific signals was performed

using enhanced fluorescent detector this was normalized to the band intensity of GADPH.

4. RESULTS

4.1 The sorting process

The Lentivirus production and the cell sorting plasmids which contain the inflammasome
reporter genes were recovered. The plasmids were inserted into E.coli for a further
expansion of the plasmid DNA and then retrieved by Miniprep. HEK-293 cells were
transfected with the plasmid DNA for Lentivirus production which already contained the
reporter genes. After the viruses with the NLRP3-GFP and ASC-Cerulean inflammasome
genes were harvested from the HEK-293 cells supernatant and seeded into the HK-2 cells
and maintained for 7 days. The next step was preparing the cells for sorting to only recover
the cells with GFP and or cerulean, in the end of this step using the CTAF we lost the cells
during the procedure were only PBS came out in the tubes, which was a result of a

technical problem in the plugs , they were placed in the wrong place.
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Figure 5: Dot plot. The figure shows the gate strategy and the percentage of GFP positive

cells after the transduction protocol.

4.2 Deleting the SMAD3 gene

After cutting the plasmid Px-601 with the restriction enzyme Bsal, the Smad3 gene
deletion guide sequence was designed, and the annealing reaction that makes up the guided
sequence was prepared to be inserted in the Bsal cleaved site, the next step after that the
sequence was ligated into the vector and transformed into E.coli for transfer to an
ampicillin containing agar plate in which colonies with the cas9 vector and the smad3 guide
sequence grew. After the colony growth a colony PCR was performed to confirm the
successful insertion. The PCR product was observed, enabling the mini prep to recover the
DNA contained within the bacteria and which will be used to perform the CRISPR-cas9
technique in the chosen cell model. Prior the transfection a new PCR was performed to
confirm that the DNA recovered through the Miniprep is our DNA with the inserted guided

sequence. The pictures below although showing according to us a successful cut, but due
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the results prior the cut , we can expect the fact that some cut-plasmids could have been
not successfully cut and open.
FIGURE 6

Figure 6: Cutting of the plasmid Px601. 1: represents the marker used . 2: represents the
plasmid obtained from the Lab before the opening and being cut. 3: represents the

plasmid after the cut using the restriction enzyme Bsal.

FIGURE 7

Figure 7: PCR verification. The PCR colony for inserting the SMAD3 was performed

showing the success of the insertion in the numbers as shown 3,4,5,6,9,10,11,12,13,and 14.
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4.3 Induction of EMT in MM55 .k cells
As mentioned the induction of EMT was performed on the murine MM55.K cells using 5
ng/ml of TGF-p, pictures were taken using microscope Image J at 24 and 48 hours for both

the control and induced.

FIGURE 8

Figure 8: Cells under EMT induction. Showing the MM55.K cells after the EMT
induction via TGFf and in order from left to right they are; The control, after 24 hours, and
after 48 hours. * With the note that we wanted to repeat this step but we suffered from

contamination of the cells a couple of times .EMT: epithelial mesenchymal transition

4.4 Opening another plasmid for the BMP 7 primer insertion

Another plasmid Px-601 was cut with the restriction enzyme Bsal, the BMP7 gene deletion
guide sequence was designed, and the annealing reaction that makes up the guided
sequence was prepared to be inserted in the Bsal cleaved site, the cutting showed a success
According to the appeared results , but we can’t exclude the fact that the plasmid was not
open, since there was a failure with the insertion. Unfortunately theses experimets were
supposed to be repeated but we never got the chance. The figure below shows only the

cutting of the plasmid.
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FIGURE 9

Figure 9: PCR verification. The figure shows the cutting of another plasmid, representing:
1- the plasmid Px601 as obtained from the lab (before the cut). 2- represents the plasmid

after the cut using the restriction enzyme as mentioned . 3- represents the marker.

4.5 EMT verification through western blotting analysis

After the induction of EMT in the control Murine MM55.K cells we performed a western
blot to detect aSMA and e-cadherin and using NADPH for the normalizing intensity.

When the bands were quantified using the software only the control sheet came out with
detection of e-cadherin. Here the e-cadherin is and indicator of the epithelial cells and not
the EMT process, our goal was to the detect if EMT was induced , were the a-SMA was
supposed to appear in case of the success of the EMT and E-cadherin was to appear in the

control since it’s the key indicator here for epithelial cells.
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FIGURE 10

Figure 10: Western blotting analysis. The sheet on the left shows loss of the results. The
loss might be due to technical process during our western blot since both the NADPH nor

the expected a-SMA are not seen.
In the right sheet: 1- showed the normalizing band NADPH, 2- shows e-cadherin band

aSMA: alpha smooth muscle actin.

5. DISCUSSION

The aiming for therapeutic approaches in controlling fibrotic disease to improve their
outcome has been under study for several years, and looking up different pathways that
might play a significant role had been a goal of multiple studies. In studying the relation of
the inflammasome with fibrosis we can still say that it is not clear yet and it might require a
couple more years to reach a definite conclusion. In literature until nowadays the relation
between the inflammasome complex and the onset and progression of fibrosis is considered
confusing, where researchers such as Wang clarifies that this relation does not require the
activation of the inflammasome as whole, but only requires the NLRP3 (W. Wang et al.
2013). And although the results are considered somewhat significant, other studies such as

the one performed by Tian links EMT type 2, which is the source of fibroblasts and



51

myofibroblasts in fibrosis, to the activation of the NLRP3 inflammasome complex and not
just to NLRP3 protein and that its induced via TGF-B1 (Tian et al. 2017). Moreover, the
relation between TGF-B1 and the inflammasome complex is also considered under the
study for the understanding that the inflammasome assembly and activation leads to IL-1p
activation and this leads to increased TGF-B1 expression. We can link the fact that the
inflammasome complex triggers EMT for fibrosis via TGF-B1 that result from the IL-1B
production (Zhang etal.2016). TGF-B1 has also been reported to induce EMT in peritoneal
fibrosis via modulation of the NLRP3 inflammasome and oxidative stress in a study of the
effect of paricalcitol on EMT (Ko et al.2019). Giving the results as seen, we have faced
during our work a couple of difficulties, including the loss of the cells in the sorting which
came out only as PBS during the FACS Melody processing. Another difficulty we faced a
lot and led to a postponing of a lot of the methods is the contamination of the cells. We also
repeated the opening of the plasmid more than once before we got a successful result. After
the success of the cut, the ligation reaction of the oligonucleotide sequence was performed
and then transformed into E. coli so that it could be recovered via the miniprep and later
used to silence the Smad3 gene. But as seen, we never got the chance to finish our
experiments, and most of them we only performed once. With the information we gained
during our work we know that the relation we are trying to study exists, and we have tried
to summarized it in figure 9, and that if this relation could be understood properly will have

a great influence on the therapeutic approaches for fibrotic disease.
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FIGURE 11

EMT Inflammasome Dependent EMT Inflammasome Independent

Figure 11: The inflammasome -dependent and -independent pathways involved in
EMT. The inflammasome complex are activated after the two signal, priming that promote
the transcription of the inflammasome related proteins (NLRP3, Pro-IL1B and Pro-IL18)
through NF-kB, and, the activating that promote the oligomerization of the complex, after
the inflammasome formation, the maturation of the cytokines IL-1B and IL-18 trough
caspase-1. After it, the IL-1p reach its receptor and promote the transcription of the TGF-3
gene. The TGF-f, after secretion, binds to its receptor triggering the pathway dependent of
the Smads, promoting the Epithelial-Mesenchymal Transition (left cell). There is a pathway
that not depend of the inflammasome oligomerization (right cell), this pathway happens
when TGF- reach its receptor and together with the Smads signaling, the expression of
NLRP3 are enhanced (black arrow). Another relationship is between the NLRP3 and the
Smad3 (Arrow with interrogation) but to fully understand this step more studies are

required.
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6. FUTURE PROSPECTIVES

In the end, the conclusion we came out with is that EMT process might happen in two
ways: one is dependent on the inflammasome activation when the IL-1p executes its pro-
inflammatory action by up-regulating the TGF-f pathway; another is independent of the
inflammasome activation, being necessary only in the presence of the NLRP3 receptor
which enhances R-Smads in the TGF-B/Smad pathway. And on a future aspect I might add
that a proper organized plan based on our objectives and experiments in addition to our
literature conclusions, with the opportunity to correct our mistakes , we might have better
results.

And the correction of our mistakes whether based on having a proper non-contaminated
cell environment , or correcting the technical problems we faced by having a proper
knowledge on the protocols and equipment, and repeat the experiments we didn’t have the
ability to repeat. We will hopefully reach a future proper understanding of this pathway
and we will have greater understanding of the pathway that can be targeted to have a better

outcome from fibrosis, and increasing the patient’s quality of life.
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