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Introduction

1. Introduction

1.1 The AP peptide
1.1.1 Ap peptide production and its pathologic role in Alzheimer’s disease (AD)

AD is a neurodegenerative disease and is the most prevalent cause of dementia. AD affected
individuals develop a gradual and progressive decline in cognitive and functional abilities as well
as behavioral and psychiatric symptoms leading to a vegetative state and ultimately death (Tanzi
1999). The presence of senile plaques and intracellular neurofibrillary tangles are main
neuropathological hallmarks of AD (Selkoe 2001a). The primary constituents of the senile
plaques are heterogenous, 39-43 amino acid peptides, the amyloid B peptides (AP peptides). AP
peptides are generated by the sequential proteolytic processing of its precursor, the amyloid
precursor protein (APP), by B and y-secretases (Gandy 2005). APP processing follows two
competing pathways: the amyloidogenic pathway and the non-amyloidogenic pathway. In the
brain, the non-amyloidogenic pathway is mediated by a-secretase which generates sAPPa
(soluble APPa) and the C-terminal fragment-a (CTF-a, also known as C83). After subsequent
cleavage of C83 by y-secretase a truncated non-toxic peptide (named P3) is generated. Therefore,
the non-amyloidogenic pathway precludes AP peptide formation. In contrast, the amyloidogenic
pathway is initiated by cleavage at Aspl of the AP sequence mediated by P-secretase and
generates SAPPP (soluble APPf) and a unique C-terminal membrane-retained fragment, termed
CTF-B (or C99). Subsequent cleavage of CTF-f by y-secretase results in the production of AP
peptides and an intracellular product named APP_Intracellular Domain (AICD). AICD is very
short lived and has been identified only recently (Cao and Sudhof 2001). The generation of AP
peptides from APP is illustrated in Figure 1.

According to the amyloid cascade hypothesis (Hardy and Higgins 1992), which states that the
development of AD is due to abnormal accumulation of A in the brains of AD patients causing
neurodegeneration and finally the clinical symptoms of dementia, AP is considered to play a
central role in the pathogenesis of AD. First of all, AB is directly toxic to cultured neurons
because of its ability to generate reactive oxygen species in solution and produce an accumulation
of H,O, and lipid peroxides in the cells (Behl et al. 1994). Secondly, AP is also a potent inducer
of the transcription factor, NF-kB, in primary neurons and astrocytes (Kaltschmidt et al. 1997).
Thirdly, being chemotactic, AP causes migration of microglia, thereby contributing to an
increased accumulation of microglial cells surrounding the amyloid plaques (Klegeris et al. 1994).
Finally, AP was found to potentiate cytokine secretion (IL-6 and IL-8) in IL-1B-activated human
astrocytoma cells (Gitter et al. 1995). The predominant forms of AP are the AB40 and AP42
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fragments. Soluble AP40 is the major form of circulating AP and cerebrovascular amyloid,
whereas amyloidogenic AP42, the major constituent of senile plaques, accounts for minor
amounts in the circulation (Giri et al. 2002). The origin of the AP deposited in cerebral
vasculature and brain is uncertain. According to the “neuronal theory”, AP is produced locally in
brain. In contrast, the “vascular theory” proposes that AP originates from the entire body, and that

circulating soluble AP can contribute to neurotoxicity if it crosses the blood—brain-barrier (BBB)

(Zlokovic 1997).
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Figure 1. Processing of APP and consequential accumulation of Ap.

Processing of APP occurs in vivo by two competitive pathways. The non-amyloidogenic pathway
is mediated by a-secretase, resulting in release of sAPPa; while the amyloidogenic pathway
involves sequential cleavage by P-secretase and y-secretase, releasing intracellular fragment
ACID and AP ranging in length from 39 to 43 amino acids. AP is prone to aggregation and
accumulated as oligomers, which are most toxic and contribute to AD pathogenesis. (From Gandy
2005)

1.1.2 AP peptide clearance from the brain

The life-long accumulation of A in the brain is determined by the rate of AP generation versus
AP clearance. Strategies to treat AD have focused on both decreasing the production of AP and
enhancing its clearance from the brain. Clearance can be accomplished via two major pathways:
proteolytic degradation and receptor-mediated export from the brain.

Degradation of AP in the central nervous system (CNS) could play an important role in
clearance (Iwata et al. 2001). The proteases capable of degrading AP, e.g. neprilysin,

insulin-degrading  enzyme  (insulysin),  plasmin, tissue  plasminogen  activator,
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endothelin-converting enzyme and matrix metalloproteinase-9, have been recently reviewed
(Selkoe 2001b).

AP lowering strategies based on receptor mediated-AP transport has just recently begun to
receive more attention (Figure 2). Increasing lines of evidence suggest that the low-density
lipoprotein receptor-related protein (LRP) and the receptor for advanced glycation end products
(RAGE) are involved in receptor-mediated flux of AP across the BBB (Zlokovic 2004). While
LRP appears to mediate the efflux of AP from the brain to the periphery, RAGE is implicated in
AP influx back into the CNS. In addition, evidence also exists to suggest that 10-15% of AP can
enter into the cerebral spinal fluid (CSF) from the brain interstitial fluid and onward into the
blood stream (Shibata et al. 2000).

PLASMA BBB BRAIN
BINDING AGENTS TRANSPORT/ CLEARANCE

INFLUX

Figure 2. Transport-clearance model for A regulations in the brain.

(1) Transport-mediated clearance of AP across the BBB and via the interstitial fluid (ISF)/cerebrospinal
fluid (CSF) route: LRP mediates rapid AP transport across the BBB out of the CNS. Soluble Af can also be
removed slowly via the ISF bulk flow into the CSF and from there into the bloodstream. (2) Transport of
plasma-derived Af across the BBB: RAGE mediates influx of free, unbound circulating AP across the BBB
into the CNS. (3) AP plasma binding agents such as anti-Af IgG, gelsolin and/or GM1, or sSRAGE can
sequester Af in plasma, thus reducing its influx across the BBB. (Modified from Zlokovic, 2004)
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RAGE was identified as human BBB receptors for AB40 in 1998 (Mackic et al. 1998).
Moreover, recently it was found that RAGE contributes to the transport of AP into the CNS and
furthermore, recombinant soluble RAGE (sRAGE) reduced accumulation of AP in brain
parenchyma of transgenic APP mice (Deane et al. 2003). Transportation of circulating Af into the
brain results in expression of proinflammatory cytokines in neurovascular cells and elaboration of
endothelin-1, causing decreased cerebral blood flow. Besides RAGE, gp330/megalin may also
transport circulating AP in a complex with apoJ (Zlokovic et al. 1996). However, gp330/megalin
is normally saturated by high levels of plasma apoJ which precludes significant influx of Af into
the CNS under physiological conditions. This leaves RAGE as a probable major influx receptor
for AP at the BBB.

1.2 RAGE (receptor for advanced glycation end products)
1.2.1 Structure

RAGE was first identified as a cell surface receptor for the products of nonenzymatic glycation
and oxidation of proteins, the advanced glycation end products (AGEs). The RAGE gene was
cloned and characterized from mouse lung in 1992 (Neeper et al. 1992). Later the RAGE gene
was located on chromosome 6p21.3 in a gene-rich region containing a number of inflammatory
genes and components of the major histocompatibility complex (MHC) (Sugaya ef al. 1994).

Human RAGE gene encodes a type I transmembrane protein of 404 amino acids (Srikrishna et
al. 2002), composed of an extracellular domain with 344 amino acids, a transmembrane domain
with 19 residues and a cytosolic domain with 43 amino acids (Figure 3). The large extracellular
domain of RAGE contains a N-terminal signal sequence of 22 amino acids and three
immunoglobulin (Ig)-like regions, which define RAGE protein as a member of the
immunoglobulin superfamily. These Ig-like regions include one “V”’-type domain (IgV sequence
from residue 41 to residue 126) followed by two “C”-type domains (IgC sequence from residue
127 to residue 234 and IgC’ from residue 235 to residue 344). The “V”-type domain confers
ligand binding and contains two putative N-glycosylation sites. Deglycosylation was shown to
affect RAGE binding of certain ligands (Srikrishna ef al. 2002). The shorter cytoplasmic domain
shows greatest identity to the B-cell activation marker CD20 and is critical for signaling
downstream of receptor-ligand interaction. Furthermore, RAGE shares significant homology with
MUCI18, a glycoprotein which also belongs to the immunoglobulin superfamily and with neural

cell adhesion molecule (NCAM). (Neeper ef al. 1992; Schmidt et al. 1992; Schmidt et al. 1994).
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Figure 3. Structure of Receptor for advanced glycation end products.

The large extracellular domain of RAGE contains an N-terminal signal sequence and three Ig-like regions
including one “V”’-type domain followed by two “C”-type domains. The “V”’-type domain confers ligand
binding and contains two putative N-glycosylation sites. The short cytoplasmic domain is critical for
downstream signaling.

1.2.2 Expression patterns

RAGE transcription is controlled by several transcription factors, including SP-1, AP-2, NF-«B,
and NF-IL6 (Li and Schmidt 1997). During development, RAGE is highly expressed in the
nervous system such as in the developing embryonic rat brain (Hori et al. 1995; Sakaguchi et al.
2003). In striking contrast, in mature animals there is relatively little expression of RAGE in most
tissues except lung and skin. At the cellular level, RAGE is expressed in a variety of cell types,
including endothelial, vascular smooth muscle, mononuclear phagocytes, micorglial cells,
astrocytes and neuronal cells (Brett et al. 1993). RAGE expression is highly up-regulated
frequently under pathological conditions such as diabetic vascular disease, chronic inflammation,
Alzheimer’s disease and tumors (Bucciarelli et al. 2002). In conclusion, RAGE is expressed in
both constitutive and inducible manner, depending on the cell type and pathophysiologic

conditions.

1.2.3 Extracellular ligands and their pathophysiolologic functions

RAGE was first identified as a cell surface receptor for AGEs. In addition to AGE:s, it has
become evident that a variety of ligands with diverse structural features also interact with RAGE.
These ligands include: Amphoterin (also know as high mobility group I DNA-binding protein,
HMG-1), amyloid-f peptide, amyloid A and S100/calgranulins. RAGE also interacts with surface
molecules on bacteria, prions, and leukocytes (Bierhaus et al. 2005). The engagement of RAGE
by its ligands contributes to various pathologic processes ranging from proinflammatory
responses, accelerated diabetic atherosclerosis, Alzheimer’s disease to tumor cell invasion

(Schmidt et al. 2001) (Table 1).
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On the other hand, RAGE also has physiological functions. As judged from the expression
patterns of RAGE described in 1.2.2, it is reasonable to assume that RAGE could play roles in
development. Indeed, a few reports have suggested that RAGE might contribute to the
development of the CNS. For instance, amphoterin can bind RAGE and contribute to axonal
sprouting which accompanies neuronal development (Hori e al. 1995). Recently, RAGE was
shown to promote neurite outgrowth in vivo in a unilateral sciatic nerve crush model and the
trophic effects could be blocked by sRAGE or antibodies against either RAGE or amphoterin,
thus confirming the neurotrophic functions of RAGE (Rong et al. 2004). These results are in
accord with the fact that RAGE is expressed at a high level in the nervous system during
development (Hori et al. 1995). However, RAGE null mice develop normally, live a natural life
span, and are fertile (Bierhaus et al. 2004), indicating that RAGE may contribute to the
development of nervous system, but redundant molecules can compensate for the loss of RAGE.

Another recent study revealed the possibility of an involvement of RAGE in the regulation of
differentiation (Bartling ef al. 2005). In this context, down-regulation of RAGE may be
considered as a critical step in tissue reorganization and the formation of lung tumors.
Considering that lung is one of the few tissues in which RAGE is constitutively expressed at high
levels, we can suppose that in normal lung tissues RAGE can keep cells in the differentiated state
and inhibits tumor genesis. Upon down-regulation of RAGE, cells may become undifferentiated
and tumor growth may ensue. Undoubtedly, further experiments are needed to confirm whether

RAGE indeed regulates cell differentiation.

Table 1. Ligands for RAGE and their associated pathophysiologic roles

Ligands for RAGE Ligand property Pathophysiologic impact

Advanced glycation end products Non—enzymatically glycated Diabetes, renal failure,
(Neeper et al. 1992) (e.g., adducts amyloidoses, inflammation,
CML-adducts) oxidant stress, aging,

neurodegenerative disorders
Amyloid-p peptide & B-sheet Main constituent of the senile Alzheimer’s disease amyloidosis

fibrils (Yan et al. 1996) plaques and  cerebrovascular
deposits in Alzheimer’s disease
S100/calgranulins (Hofmann er proinflammatory Development, inflammation,
al. 1999) cytokine-like mediators tumors, neurodegenerative
disorders
Amphoterin (Hori et al. 1995) DNA binding protein Development, neurite outgrowth

inflammation, tumors
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1.2.4 Intracellular signaling

As a transmembrane receptor, the engagement of RAGE by its ligands has been reported to
trigger intracellular signaling pathways (Figure 4). In most cases, RAGE induces the activation of
the immune/inflammatory-associated transcription factor, nuclear factor kB (NF-kB). Notably, the
human RAGE promoter contains two NF-kB responsive elements (Li and Schmidt 1997) that act
to form a positive feedback loop such that RAGE is up-regulated where its ligands are present. In
addition to NF-kB, RAGE can induce a range of signal transduction pathways including
activation of small GTPases like Cdc42 and Rac (Huttunen et al. 1999), mitogen-activated
protein kinase (MAPK) and c-Jun N-terminal kinase (Taguchi er al. 2000) and extracellular
signal-regulated kinases 1 and 2 (Simm et al. 1997), as well as activation of the cAMP response
element-binding factor (Huttunen et al. 2002). The diversity of signaling cascades identified in
RAGE-mediated cellular signaling implies that different RAGE ligands might induce different
pathways and thus make the RAGE network more complicated. Although a number of reports
suggested that the cytoplasmic domain of RAGE is essential for intracellular signaling, a
challenging task will be to elucidate the exact bridging molecules that engage the cytoplasmic

domain of RAGE upon activation of the receptor.
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Figure 4. RAGE signaling pathways.

RAGE is activated upon binding to ligands via the extracellular V-type domain. This leads to recruitment of
unidentified cytoplasmic proteins to the intracellular domain of RAGE and activation of numerous
downstream signaling proteins such as stat3, ERK and Rho, which consequently activate gene transcription.
RAGE isoforms including SRAGE, dominant negative RAGE (DN-RAGE) and N-truncated RAGE that
lack either V-type domain or the intracellular domain are unable to mediate RAGE signaling and have
potential to block harmful effects mediated by RAGE signaling. Modified from (Hudson and Schmidt
2004).
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1.2.5 RAGE-Ap interaction

It has been demonstrated that expression of RAGE is increased in AD patients and furthermore,
expression of RAGE was colocalized with that of AP in human AD brain tissues, in neurons,
microglia and vascular elements (Yan ef al. 1996; Yan et al. 1998), thus indicating the possibility
of a RAGE/AP interaction in pathogenesis of AD. It has been suggested that RAGE may be the
nerve cell receptor for AP (Yan et al. 1997; Li et al. 1998; Du et al. 1997). Indeed, RAGE binds
soluble A in a dose-dependent manner in the nanomolar range (Yan et al. 1996). Studies using
an in vitro model of the human BBB showed that RAGE mediated the binding of soluble AB1-40
at the apical side of brain capillary endothelium and RAGE was also involved in soluble AB1-40
transcytosis (Mackic ef al. 1998). In addition, it has been demonstrated in an animal model that
RAGE mediates transport of pathophysiologically relevant concentration of plasma A across the
BBB, while deletion of the RAGE gene protects the Afp CNS pool from influences of its
peripheral pool by eliminating transport of free circulating Af into the brain (Deane et al. 2003).

Indeed, transport of circulating AP into the brain results in expression of proinflammatory
cytokines in neurovascular cells and elaboration of endothelin-1, causing decreased cerebral
blood flow. Because of the presence of two NF-kB responsive elements in the human RAGE
promoter, RAGE-Af interaction might induce a possible feedback loop. Thereby, AB-induced
oxidant stress activates NF-kB which subsequently binds to the RAGE promoter and upregulates
RAGE expression. The interaction of RAGE with AP is followed by a series of intracellular
activities that may trigger inflammatory pathways, which could contribute to the progression of
AD (Du et al. 1997). Furthermore, a mouse model was developed to assess the impact of RAGE
in an AB-rich environment by employing transgenic mice with targeted neuronal overexpression
of RAGE or DN-RAGE. Double transgenic mice of RAGE and mutant APP displayed early
abnormalities in spatial learning/memory, accompanied by altered activation of markers of
synaptic plasticity and exaggerated neuropathologic findings, before such changes were found in
mutant APP mice. In contrast, double transgenic mice bearing mutant DN-RAGE and APP
displayed preservation of spatial learning/memory and diminished neuropathologic changes.
These data strongly indicate that RAGE is a cofactor for AB-induced neuronal pathology in AD
models and suggest its potential as a therapeutic target to ameliorate dysfunction associated with

AD (Arancio et al. 2004).
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1.2.6 Isoforms of RAGE

It is important to be aware of that there are 3 major different forms of RAGE (Figure 5). These
isoforms can be defined as the full-length RAGE, soluble RAGE (sRAGE) and C-terminal
truncated RAGE (C-truncated RAGE).

v V-type domain
- C-type domain

Soluble RAGE Full length RAGE C-truncated RAGE

Extracellular

- W W
e o @
e e @

Intracellular

Figure 5. Multiple isoforms of RAGE.

There are 3 major isofroms of RAGE including full-length RAGE, soluble RAGE and C-terminal
truncated RAGE (C-truncated RAGE). The existence of these 3 isoforms suggests that the ability of
any RAGE ligands to induce RAGE signaling depends on the coordinated effects of different RAGE
isoforms. (Adapted from Ding and Keller, 2005)

1.2.6.1 Full-length RAGE
Among the 3 major isoforms of RAGE full-length RAGE is by far the most studied. The
structure and function of full-length RAGE has been described in detail in part 1.2.1-1.2.5.
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1.2.6.2 C-terminal truncated RAGE

C-terminal truncated RAGE contains the extracellular and transmembrane domain of RAGE,
but lacks the C-terminal intracellular domain important for signal transduction. Therefore, by
competing for the binding of RAGE ligands recombinant C-terminally truncated RAGE prevents
the activation of full-length RAGE. For this reason C-terminally truncated RAGE is also named
dominant negative RAGE (DN-RAGE) (Yan et al. 1996). Recently, it was shown that the
expression level of DN-RAGE in the human brain is similar to that of full-length RAGE (Ding
and Keller 2005b). Unfortunately, it is still unknown whether or/and how the ratio of full-length
RAGE versus DN-RAGE is changed under different physiological or pathological conditions.
Since a number of RAGE ligands such as AGE and A have devastating effects on cells, binding
of these ligands to DN-RAGE would lead to dimished binding to full-length RAGE and
consequently, less deleterious effects mediated by full-length RAGE.

But it is important to keep in mind that although engagement of harmful ligands by DN-RAGE
may be beneficial during the initial periods of ligand binding, the long term effects may be less
advantageous. This is based on the supposition that the engagement of the ligands at the cell
surface by DN-RAGE may lead to the initiation of further ligand recruitment, oxidation, and
aggregation, which unfavorably enhances the activation of full-length RAGE (Ding and Keller
2005a). Of course further experimentation is decisive to test whether the above supposition is true
or not. It is undisputed that a detailed understanding of the regulation of DN-RAGE generation is
crucial to evaluate DN-RAGE as a target to modulate signaling mediated by full-length RAGE.

1.2.6.3 Soluble RAGE (sRAGE)

The soluble form of RAGE contains only the extracellular domain of RAGE, while lacking the
transmembrane and the cytoplasmic domains. Thereby, SRAGE is released from the cell surface
into the extracellular space as a soluble form.
1.2.6.3.1 Functional significance of SRAGE

Lack of the transmembrane domain renders sSRAGE serving as a decoy for the ligands and
blocking signaling by preventing ligands from gaining access to full-length RAGE. Furthermore,
recombinant SRAGE is able to block or reduce RAGE mediated pathological situation. Use of
recombinant SRAGE has been shown to prevent diabetic atherosclerosis (Park ef al. 1998), reduce
diabetic late complications (Goova ef al. 2001), inhibit tumor metastases and invasion (Taguchi et
al. 2000) and block transport of AP across BBB (Deane et al. 2003). However, it is important to
note that SRAGE provides a decoy strategy, i.e., SRAGE sequesters ligands and prevents their

interaction with RAGE and, potentially, other receptors as well. So it is imperative to investigate
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whether SRAGE has any inhibitory effects on normal functions of other receptors before therapy
based on SRAGE can be implemented.
1.2.6.3.2 Generation of SRAGE

Soluble forms of membrane-associated receptors can be generated via two distinct pathways.
The first involves the alternative splicing of mRNA transcripts that usually encode
membrane-associated receptors. Alternative splicing is an important way to generate soluble
forms of cell surface receptor, examples include the TGF-B receptor family (TPR-I, activin
receptor-like  kinase 7) (Choi 1999), the TNFR superfamily (TNFRSF6/Fas/CD95,
TNFRSF9/4-1BB/CD137) (Michel et al. 1998), and the IL-17R (Haudenschild et al. 2002).

By far several different alternatively spliced RAGE mRNA encoding secretory proteins have
been reported (Yonekura et al. 2003; Schlueter et al. 2003; Park et al. 2004; Malherbe et al. 1999;
Ding and Keller 2005b) and they are summarized in Table 2.

Table 2. Splicing forms of RAGE

RAGE Splicing forms Tissue or cell types Existing forms References
Full-length RAGE Human EC, pericyte cell surface associated Yonekura et al. 2003
RAGE
Human Iung, lymph Schlueter et al. 2003
node, breast cancer,
myometrium,
fibroblasts, Hela cell
hRAGEsec Human fetal lung soluble Malherbe et al.1999
sRAGE1,sRAGE2,sRAGE3 Human Ilung, lymph soluble Schlueter et al. 2003
node, breast cancer,
myometrium,
fibroblasts, Hela cell
C-truncated RAGE Human EC, pericyte soluble Yonekura et al. 2003
N-truncated RAGE Human EC, pericyte cell surface associate Yonekura et al. 2003
RAGE
NtRAGEA,sRAGEA,sRAGE Human brain soluble Ding and  Keller
2005b
NtRAGE, RAGEA Human brain cell surface associate Ding and  Keller
RAGE 2005b

Although nearly all of the data implicated that SRAGE is derived from alternative splicing of
RAGE mRNA, most recent evidence indicated that SRAGE in mice may be generated as the
result of protein cleavage instead of splicing (Hanford et al. 2004). Actually, proteolysis based
ectodomain shedding might be the second pathway that contributes to the production of sSRAGE.

11
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1.2.6.4 N-truncated RAGE

The least discussed RAGE isoform is N-truncated form, which is derived from splicing
variants of RAGE mRNA that encode proteins that lack the N-terminal V-type Ig-like domain and
is retained in the plasma membrane (Yonekura ef al. 2003; Ding and Keller 2005a). As a result of
the deletion of the V-type Ig domain, N-truncated RAGE is significantly impaired in its ability to

bind RAGE ligands. However, the functional significance of N-truncated RAGE remains elusive.

1.3 Protein Ectodomain Shedding
1.3.1 Ectodomain shedding

The extracellular domains of various cell surface proteins are released through proteolytic
cleavage. This type of proteolysis occurs at or near the plasma membrane and has been known as
ectodomain shedding (Arribas and Borroto 2002). The shedding of cell surface proteins can occur
either in non-stimulated cells (known as constitutive shedding) or activated by several
independent mechanisms (known as stimulated shedding) (Arribas and Borroto 2002). Stimulants
which can induce shedding include phorbol esters (Lammich et al. 1999), calcium ionophores
(Sanderson et al. 2005) and serum factors (Hirata et al. 2001). Ectodomain shedding event has
been observed for a surprisingly large number of cell surface proteins with distinct functions.
Targets of this process include cytokines and cytokine receptors (CD44,IL15Ra) (Nakamura et al.
2004; Kajita et al. 2001; Budagian et al. 2004), growth factors (proTNF-a,proTGF-a) (Black ez al.
1997; Peschon et al. 1998), adhesion molecules (L1)(Mechtersheimer et al. 2001), enzymes
(ACE) (Parkin et al. 2003), and proteins associated with neuropathological disorders (APP,
cellular prion protein) (Allinson et al. 2004; Cisse et al. 2005) (summarized in Table 3).

It appears increasingly apparent that proteolytic shedding of cell surface proteins is an
important cellular post-translational regulatory process. Soluble shed proteins commonly consist
of the extracellular portions or ectodomains of their membrane-bound precursors and thereby
retain the ability to bind ligands. They may further serve to affect the nature of cell signaling
events by acting as antagonists, carrier molecules or chaperones to protect the ligands from
binding to membrane-bound proteins (Mortier et al. 2004), and in some cases act as biological
agonists (Vollmer et al. 1996). Cleavage of various membrane proteins contributes to mitogenesis,
cell migration, differentiation, and various diseased states such as inflammation, tumorigenesis,
spongiform encephalopathies, and Alzheimer’s disease (Hooper et al. 1997). Thus, ectodomain
shedding can potentially regulate most cellular functions mediated by transmembrane proteins

and, therefore, has attracted more and more attention.
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Table 3. Examples of proteins undergoing ectodomain shedding and the corresponding

sheddases
proteins sheddases reference
Transmembrane proTNFa (tumor necrosis TACE , ADAMI19 Black et al. 1997,
growth factors and factor-a) Moss et al. 1997
cytokines
proTGFa (transforming growth TACE Peschon et al. 1998
factor-a)
pro-HB-EGF(Heparin-binding ADAMY Higashiyama  and
EGF-like growth factor) ADAMI10, Nanba 2005
ADAMI12, TACE
IGFBP-3 (insulin growth factor ADAMI2-S Loechel et al. 2000
binding protein-3)
Membrane receptors p75SNTR  (p75  neurotrophin TACE Weskamp et al
receptor) 2004
Notch ADAMI10, TACE Vooijs et al. 2004
IL-6Ra TACE Vollmer et al. 1996
CD30 TACE Hansen et al. 2004
Adhesion molecules L-Selectin TACE Smalley and Ley
2005
L1 ADAMI10 Mechtersheimer et
al. 2001
VCAM TACE Garton et al. 2003
CX3CLI (fractalkine) ADAMI10,TACE Hundhausen et al
2003; Garton et al.
2001
CD44 MT1-MMP Kajita et al. 2001
proteins associated APP ADAMI10 , TACE, Allinson et al. 2004

with neuropathological
disorders

Prion protein

ADAM9

Cisse et al. 2005

ACE, ACE2

No identified
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1.3.2 Proteases involved in Ectodomain shedding
Proteases which are responsible for mediating ectodomain shedding are denoted as
“sheddases” or ‘“secretases” and appear to be members of the metzincin superfamily of

zinc-dependent proteases including ADAMs and MMPs.

1.3.2.1 A disintegrin and metalloproteinases (ADAMs)

ADAMs are type-I transmembrane proteins that contain a disintegrin-like and a
metalloproteinase-like domain. Up to date, 33 ADAMs have been identified. ADAMs have been
implicated in most of the known shedding events (Seals and Courtneidge 2003; Black and White
1998; Schlondorff and Blobel 1999; Primakoff and Myles 2000; Kheradmand and Werb 2002).
ADAM17, also known as TACE (tumor necrosis factor-o. converting enzyme) was the first
protease shown to be responsible for shedding events. A number of diverse cell surface proteins
including APP, TNF-0, TNFRs I and II, TGF-a, L-selectin, IL-6R, CD30, growth factor receptor,
and others undergo proteolysis mediated by TACE. Other members of the ADAM family of
proteinases, particularly ADAM9, ADAM10, and ADAM12, have been implicated as sheddases
for a wide range of proteins such as APP, Pro-HB-EGF, CX3CL1 and Notch (Table 3). In addition
to mediating ectodomain shedding, ADAMs play an important role in epithelial and neural

development, fertilization, myoblast fusion, and cell-cell interactions.

1.3.2.2. Matrix metalloproteinases (MMPs)

MMPs, also known as matrixins, are a large family of zinc-dependent metalloproteinases that
degrade extracellular matrix and basement membrane components (Dzwonek et al. 2004). Till
now, more than 20 endopeptidases have been classified as MMPs. Based on substrate specificity
and the presence of distinct structural domains, MMPs are categorized into 6 subfamilies
(Hartung and Kieseier 2000): collagenases, gelatinases, stromelysins, matrilysins, membrane type
MMPs (MT-MMPs) and other MMPs (Table 4). The MMPs are homogeneous enzymes and share
common structural elements. All members of this family contain a pro-domain and a catalytic
domain. The pro-domain is cleaved upon activation while the catalytic domain contains the
catalytic machinery including the zinc binding site and a conserved methionine. The metal ions
maintain the three dimensional structure of MMPs and are necessary for stability and enzymatic
activities. Additionally, fibronectin like repeats, transmembrane domains and C-terminus

hemopexin-like domains are present in different groups of MMPs respectively. Table 4
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summarizes the classifications of the MMPs and their substrate specificities. The architecture of

MMPs is illustrated in Figure 6.

Table 4. Category of MMPs and their substrates (adapted from Chakraborti ef al. 2003)

Enzyme MMP ECM substrate Non ECM substrate
Collagenases
Collagenase—1 MMP-1 Collagens (I, I, III, VII, VIII al-PI, ILb-1, pro—TNF,
and X), gelatin, proteoglycans, IGFBP-3, MMP-2, MMP-9
aggrecan, veriscan, tenacin,
entactin
Collagenase—2 MMP-8 Collagens (I, II, III, V, VII, al-PI, o2-antiplasmin
VIII and X), gelatin, aggrecan
Collagenase—3 MMP-13  Collagens (I, II, III, IV, IX, MMP-9, plasminogen activator
X, XIV), gelatin, aggrecan, inhibitor—2
perlecan, large tenascin—C,
fibronectin, osteonectin
Collagenase—4 MMP-18  ND ND
Gelatinases
Gelatinase A MMP-2 Collagens (I, IV, V, VII, X, XI IL-1b, ol-PI, prolysyl
and XIV) , gelatin, elastin, oxidase fusion protein,
fibronectin, laminin-1, MMP-1, MMP-9 MMP-13
laminin-5, galectin—3,
aggrecan, decorin, versican,
proteoglycans, osteonectin
Gelatinase B MMP-9 Collagens (IV, V, VII, X,and al-PI, IL-1B, plasminogen
XIV), gelatin, elastin,
galectin—3, aggrecan,
fibronectin, versican,
proteoglycans, entactin,
osteonectin
Stromelysins
Stromelysin—-1 MMP-3 Collagens (ITI, IV, V and IX), al-PI, antithrombin-I11,
gelatin, aggrecan, versican, ovosstatin, substance P,
perlecan, decorin, IL-1B, serum amyloid A,
proteoglycans, large IGFBP-3, plasminogen,
tenascin—C, fibronectin, MMP-2/TIMP-2
laminin, entactin, osteonectin MMP-7,-8,-9,-13
Stromelysin—2 MMP-10 Collagens (III, IV and V), MMP-1,-8
gelatin, casein, aggrecan,
elastin, proteoglycans
Stromelysin—3 MMP-11  Casein, laminin, fibronectin, al-PI, casein, IGFBP-1
gelatin, collagen IV
Membrane type
MMPs
MT1-MMP MMP-14  Collagens (I, II and III), al-PI, MMP-2,-13
casein, elastin, fibronectin,
gelatin, laminin, vitronectin,
large tenascin-C, entactin
proteoglycans
MT2-MMP MMP-15  Large tenascin—C, fibronectin, MMP-2
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laminin, entactin, aggrecan,

perlecan
MT3-MMP MMP-16  Collagen—III, gelatin, casein, MMP-2
fibronectin
MT4-MMP MMP-17  ND ND
MT5-MMP MMP-24  ND ND
MT6-MMP MMP-25  ND ND
Matrilysins and
Others
Matrilysin—1 MMP-7 Collagens IV and X, gelatin, MMP-1,-2,-9 MMP-9/TIMP-1,
(Matrilysin) aggrecan, decorin, al-PI, plasminogen
fibronectin, laminin,
entactin, large and small
tenascin-C, osteonectin, P4
integrin, elastin, casein,
transferrin
Matrilysin—2 MMP-26  Collagen 1V, gelatin, ProMMP-9, fibrinogen, ol-PI
fibronectin

Metalloelastase MMP-12  Collagen 1V, gelatin, elastin, «l-PI, fibrinogen, fibrin,
casein, laminin, proteoglycan plasminogen, myelin basic

monomer, fibronectin, protein
vitronectin, enactin
MMP-19  Gelatin ND
Enamelysin MMP-20  Amelogenin ND

Abbreviations: al-PI, al-proteinase inhibitor; IGFBP, insulin-like growth factor binding protein; IL-1,
interleukin-1; TNF, tumor necrosis factor; ND, not determined.
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Figure 6. Modular domain structures of MMPs.

(A) Composite protein representing modular domains found in all kinds of MMPs. (B) Individual MMPs
contain different combinations of the domains shown in (A). Of note is that all MMPs contain the signal
peptide, a propeptide region, a furin cleavage site, as well as a catalytic domain with zinc and calcium ions.
In addition, a fibronectin binding site is present in gelatinases and a transmembrane domain is present in
MT-MMPs. A hemopexin domain is present in all MMPs except matrilysins.
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MMPs have broad, but not necessarily overlapping substrate specificities. Because MMPs can
degrade all protein components of ECM, their main function has been presumed to ECM
remodeling (Nagase et al. 2006). Physiologically, MMPs are thought to be important in wound
healing, angiogenesis and bone remodeling (Lakka et al. 2005; Yu and Han 2006). On the other
hand, MMPs also have pathological roles in a variety of disease processes such as tumor invasion
and metastasis, rheumatoid arthritis, periodontal disease and atherosclerosis (Wang et al. 2006;
Schurigt et al. 2005; Schmidt et al. 2006).

In addition, certain MMPs are found to play a role in the shedding of cell surface proteins.
Specifically, MT5-MMP has been shown to cleave cadherin (Monea et al. 2006), MMP7 has been
shown to participate in the constitutive shedding of proTNF-a (Haro et al. 2000). MMP2 can
cleave CCL7 producing an inactive fragment which becomes an antagonist of the receptor
(McQuibban et al. 2000). MT1-MMP has been shown to participate in the shedding of the cell
adhesion molecule CD44 (Nakamura ef al. 2004) and the proTNF-a family member, TRANCE
(Schlondorff et al. 2001). Recently, MT1-MMP mediated shedding of MUC1 was demonstrated
(Thathiah and Carson 2004).

1.3.2.2.1 Matrix metalloproteinase 9 (MMP9)

Among all MMPs, MMP9 is historically refered to as gelatinase B because of its ability to
degrade gelatin (Stocker et al. 1995). Together with MMP2, MMP9 differs from other MMPs
because it contains three fibronectin type II repeats that have high binding affinity for collagen.
These repeats can mediate the binding of MMP9 and MMP?2 to collagen (Bode et al. 1999). This
binding interaction brings the catalytic pocket of the MMP proximal to collagen, thereby
enhancing its rate of hydrolysis. MMP9 is capable of degrading type I, IV, V, VII, and XI
collagens and laminin. In addition to ECM components, a growing body of evidence emerges to
show that MMP-9 can directly accomplish cleavage of cell surface proteins including TGF-$ (Yu
and Stamenkovic 2000), galectin-3 (Ochieng et al. 1994), IL-2R (Sheu et al. 2001) and ICAM-1
(Fiore et al. 2002).
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2. Aim of the study

In summary, RAGE acts as a multi-ligand receptor to bind a range of ligands and therefore
mediates various physiological and pathological effects. Based on its expression patterns,
RAGE appears to play a major role in developmental processes. Of particular note is that
RAGE is abnormally up-regulated in many situations and consequently contributes to these
processes. Although the detailed molecular mechanisms underlying these RAGE-mediated
disorders are far from being completely elucidated, widespread investigation by employing a
variety of strategies and extensive data contributed by researchers from different disciplines
have greatly advanced our understanding of RAGE (for example, see Bierhaus A et al. 2005).
As a result, insightful views have emerged regarding the development of innovative diagnosis
and therapy approaches against RAGE-mediated diseases. The identification and utilization of
sRAGE is the most distinguished among these advances.

A growing body of evidence suggests the possibility of SRAGE as a biomarker for many
RAGE-related diseases including coronary artery disease (Falcone et al. 2005), rheumatoid
arthritis (Pullerits et al. 2005), Alzheimer disease (Emanuele et al. 2005), type 1 diabetes
(Forbes et al. 2005) and hypertension (Geroldi et al. 2005). On the other hand, recombinant
SRAGE has been used to alleviate RAGE-mediated diabetic atherosclerosis (Park et al. 1998)
and diabetic late complications (Goova et al. 2001). Furthermore, it inhibits tumor metastasis
and invasion (Taguchi et al. 2000) and blocks transport of AP across the BBB (Deane et al.
2003). Therefore, sSRAGE represents both a potential biomarker for RAGE-related diseases and
a promising therapeutic tool for RAGE-mediated disorders. So it is desperately necessary to
decipher the generation and pathophysiologic functions of SRAGE.

In fact, the source of naturally released human sRAGE is not well understood yet. Although
most of present data strongly suggest that SRAGE is derived from alternative splicing of the
RAGE mRNA, a recent paper (Hanford et al. 2004) reported purification of SRAGE from
mouse lung by biochemical methods. In the same study, the investigators failed to detect
splicing forms of mouse RAGE using either mouse lung RNA or a mouse lung cDNA library as
template. Amino acid sequencing revealed that purified soluble mouse RAGE was ending after
Gly (the 331 residue). The authors proposed that soluble RAGE was generated by proteolysis,
but they failed to provide further evidence.

With regard to the above results on mouse sSRAGE, considering that RAGE is type I
membrane protein and growing members of type I membrane proteins undergo ectodomain
shedding, in this thesis it was hypothesized that human RAGE also undergoes ectodomain

shedding and as a result, soluble RAGE is generated by proteolysis in addition to alternative
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splicing. In this study, I aimed to demonstrate the proteolytic processing of human RAGE, to
identify the proteases responsible for ectodomain shedding of RAGE and to investigate possible

mechanisms that regulate ectodomain shedding of RAGE.
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3. Materials and Methods

3.1 Materials
3.1.1 Chemicals and Media

General laboratory chemicals

Agarose
Acrylamid/Bisacrylamid (30 : 0.8)
Ampicillin (Sodium salt)
ATP

Bactoagar
Bacto-Trypton
Blasticidine
Bromphenol blue

BSA

cAMP

Chloroform
DEAE-Dextran
Diethylether

DMEM

DMSO

DNA-Marker

dNTPs

DTT (Dithiothreitol)
EDTA

Ethidium bromid

FCS (fetal calf serum)
Formic acid

Gelatin

Geneticin (G418)

Glucose

Roth, Karlsruhe
Merck, Darmstadt
Sigma, Deisenhofen
Sigma, Deisenhofen
Roth, Karlsruhe

Roth, Karlsruhe
Pharmacia, Freiburg
AppliChem, Darmstadt
AppliChem, Darmstadt
Invitrogen, Karlsruhe
Serva, Heidelberg
Roth, Karlsruhe
Sigma, Deisenhofen
Roth, Karlsruhe
Pharmacia

Roth, Karlsruhe

PAA, Linz, Osterreich
Sigma, Deisenhofen

Merck, Darmstadt

MBI Fermentas, St. Leon-Rot

Sigma, Deisenhofen
Sigma, Taufkirchen
Sigma, Deisenhofen
Sigma, Deisenhofen
PAA, Linz, Osterreich
AppliChem, Darmstadt
Sigma, Deisenhofen
PAA, Linz, Osterreich
AppliChem, Darmstadt
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L-Glutamin

Glycerin

Isopropanol

I-Block

Lipofectamine 2000
B-Mercaptoethanol
Minimum Essential Medium (MEM)
Penicillin

Poly-L-Lysin
RNAseA-solution
RotiQuant Bradford reagent
SDS

Serum PlusTM
Streptomycin
Sulfo-NHS-Biotin

TCA (Trichloracetic acid)
TEMED (N,N,N',N'-Tetra methyl ethylene
diamine)

Trypsin

Triton X-100

Tween-20

Yeast extract

PAA, Linz, Osterreich
Roth, Karlsruhe

Roth, Karlsruhe
Applied Biosystems, Darmstadt
Invitrogen, Karlsruhe
Fluka, Buchs, Schweiz
Sigma, Deisenhofen
Sigma, Deisenhofen
Sigma, Deisenhofen
Sigma, Deisenhofen
Roth, Karlsruhe
BioRad, Miinchen
JHR Bioscience, USA
Sigma, Deisenhofen
Pierce

AppliChem, Darmstadt
BioRad, Miinchen

PAA, Linz, Osterreich
Sigma, Deisenhofen
Serva, Heidelberg
AppliChem, Darmstadt

3.1.2 Enzyme and Kit systems

Enzymes for molecular biology

Plasmid Midi/Mini Kit
QIAquick Spin Miniprep Kit
QIAquick Gel Extraction Kit
QIAquick PCR Purification Kit

NEB, Bad Schwalbach
Amersham, Braunschweig
Gibco BRL, Eggenstein

MBI Fermentas, St. Leon-Rot
Qiagen GmbH, Hilden
Qiagen GmbH, Hilden
Qiagen GmbH, Hilden
Qiagen GmbH, Hilden
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3.1.3 Laboratory instruments and accessories

Acryl half micro cuvettes
Analytical balance

Bio-Imaging Analyzer BAS-1800 (Fuji)
Blot equipment

Cell culture incubator
Centrifuge rotor JA14 und JA20
Cooling centrifuge J2-21

DNA Thermal Cycler

Double jet photometer Hitachi U-200
Flat bed gel equipment for DNA
Minigel-Electrophoresis

Filter paper (3-MM)

Glass centrifuge tube

Heating block

Hemocytometer

Incubation shaker

Plastic syringe (10 and 50 ml)
Plastic centrifuge tube(15 and 50ml)
Microfilter (0.2 and 0.4 um)
Nunc CryoTubes

nitrocellulose membranes
PCR-tube (0.2ml)

Petri plates

Microscope CK 2

pH-Meter

Polystyrolcuvetten
PVDF-Membrane

Reaction tube (1,5 und 2 ml)
Scanner BAS-1800

Vibration mixer

Sterile work bench

Tissue culture dishes

Table centrifuge

Sarstedt, Niirnbrecht
Mettler-Toledo GMBH, Gief3en
Raytest Isotopenmessgerite,Straubenhardt
Biometra, Gottingen

Heraeus, Hanau

Beckmann, Miinchen

Beckmann, Miinchen

Biometra, Gottingen

Colora MeBtechnik GmbH, Lorch
home-made

Biometra, Gottingen

Whatman, Springfield (UK)

DuPont, Bad Homburg

Scientific, Illkirch Cedex (F)
Neubauer-Zihlkammer Roth, Karlsruhe
Infors GmbH, Einsbach

Braun, Melsungen

Sarstedt, Niirnbrecht

Sarstedt, Niirnbrecht

Nunc, Wiesbaden

Amersham Pharmacia Biotech, Freiburg
Peq Lab, Erlangen

Sarstedt, Niirnbrecht

Olympus, Hamburg

WTW, Weilheim

Sarstedt, Niimbrecht

Millipore, Eschborn

Eppendorf, Hamburg

Fujifilm, Diisseldorf

Laborfachhandel

Hera Safe HS 12 Heraeus, Hanau
Sarstedt, Niirnbrecht

Eppendorf 5415C Eppendorf, Hamburg
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Vortexer
VersaDoc imaging systems

Water bath

Janke und Kunkel, Heitersheim
Biorad, Miinchen

BFL, Burgwedel

3.1.4 Solutions, buffers and media

Antibiotic —stock solution

Blocking buffer

DMEM-Complete medium

DNA sample buffer

DEAE-Dextran Transfection solution
(10X)

Ethidium bromide-Stock solution

LB-Medium pH7.4

LB-Medium with 20mM Glucose

100 mg/ml Ampicillin in H20

20 mg/ml Chloramphenicol in 100% Ethanol
Stored at -20°C

0.1% Tween 20 (w/v)

0.2% I-Block (w/v)

in PBS

DMEM supplemented with

2 mM L-Glutamine

100 U/ml Penicillin

100 mg/ml Streptomycin

10 % (v/v) FCS (fetal calf serum)
50% (v/v) Glycerin

0.2% (v/v) SDS

0.05% Bromphenolblue

0.05% Xylencyanol

10 mM EDTA (Sigma, Deisenhofen)

125 mg DEAE-Dextran in 50ml of DMEM, sterile

filtered.

10 mg/ml Ethidium bromide and stored at 4°C in the

dark

10 g/1 Bacto-Trypton

5 g/l yeast extract

10 g/1 NaCl

in H,0, autoclaved (121°C, 20 min)
1 g Bacto-Trypton

0.5 g yeast extract

1 g NaCl
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98 ml H,O

autoclaved, then add 2 ml 1 M Glucose solution
LB/Amp-medium 100 pg/ml Ampicillin in LB-medium
LB/Amp-Agar-plates LB-Medium with 1.5% agar, 100 pg/ml Ampicillin
MEM-Medium incomplete 2 mM Glutamine

7 % Serum PlusTM

in MEM
PBS 8 g/l NaCl

0.2 g/l KCI

1.44 ¢/1 Na,HPO,

0.24 g/l KH,PO,

in H,O

adjusted to pH 7.4 with 2 M NaOH
PBS-T PBS with 0.05% Tween 20
PCI Phenol/Chloroform/Isoamylalcohol, 25:24:1 (v/v/v)

STET-Buffer 8 % (w/v) Saccharose
5 % (w/v) Triton X-100
50 mM EDTA
50 mM Tris-HCI pH 8.0
50x TAE-buffer 2 M Tris
1 M Acetic acid
50 mM EDTA
pH 8.4
Trypsin/EDTA 0.05 % (w/v) Trypsin
0.54 mM EDTA
in PBS
Towbin-Puffer (modified) 25 mM Tris pH 8,3
192 mM Glycin
20% (v/v) Methanol
0.05% (w/v) SDS
TBS 20 mM Tris-HCI pH 7.5
150 mM NacCl
Buffers for Zymography
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Washing buffer
Assay buffer

Gel Coomassie blue staining solution

Destaining solution

Plasmid isolation buffers

Suspension buffer (P1)

Lysis buffer (P2)

Neutralization buffer (P3)

Protein sample buffer

Laemmli buffer

Nu-PAGE buffer

Protein electrophoresis running buffer

2.5% Triton X-100 in H,O

10mM CaCl,

100mM Tris-HCI pH 7.4
25% Methanol

25% Roti-Blue R-250

in Hzo

25% Methanol in H,O

50 mM Tris-HCI pH 8.0

10 mM EDTA

0.2 M NaOH

1 % SDS

3 M potassium acetate pH 4.8

3% (w/v) SDS

100 mM DTT

62.5 mM Tris-HCI pH 6.8

20% (w/v) Glycerin

0.01% (w/v) Bromphenol blue

50% Nu-PAGE-buffer (4x)(Invitrogen)
100 mM DTT

SDS-PAGEs 25 mM Tris
192 mM Glycerin
0.1% SDS (w/v)
Nu-PAGEs MES-buffer (Invitrogen)
3.1.5 Antibodies
Primary antibodies
Name description Dilution Source
9E10 anti-myc Mouse-IgG undiluted ~ Hybridoma culture
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(monoclonal)

MABS5328 Monoclonal antibody

against the extracellular
part of mouse RAGE. The
antibody recognizes both

natural and recombinant, as

well as human RAGE
Anti-HA high affinity Rat anti-HA antibody

\E Mouse anti-V5 antibody

Secondary antibodies

Name dilution
Anti-mouse Peroxidase 1:5000
coupled antibody produced

in goat
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medium of cell line
MYCI1-9E10.2
(ATCC)

1:3000 Chemicon

1:1000 Roche
1:5000 Invitrogen

source

Sigma, Deisenhofen
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3.1.6 Bacterial strains and cell lines

E. coli DHSa: ¢805(lacZAM15), recAl, endAl, gyrA96, thi-1, hsdR17 (rk-mk
+), supE44, relAl, deoR, A(lacZYA-argFV169), F-, A-; from Clontech, Heidelberg.
9E10
Hybridoma cell line for the 9E10 mouse anti-myc IgG. ATCC No. CRL-1729
(Evan et al., 1985).
Flp-In-293 (Invitrogen, Catalog No. R750-07)
Derived from HEK 293, stably express the lacZ-Zeocin fusion gene and are designed for use with
the Flp-In System (Catalog No. K6010-01 and K6010-02).
Each cell line contains a single integrated Flp Recombination Target (FRT) site
from pFRT/lacZeo or pFRT/lacZeo2.
COS-7
African green monkey kidney fibroblast-like cell line. ATCC No. CRL-1651.
myc-RAGE/V5/His-Flp-In-293 cell
Single clone Flp-In-293 cell line transfected with plasmid pcDNA6-myc-RAGE/VS5/His by
Lipofectamine 2000, selected by blasticidine (4 mg/ml growth medium).
RAGE-FIp-In-293 cell
Mixed clone Flp-In-293 cell line transfected with plamid pcDNA6-RAGE by Lipofectamine 2000,
selected by blasticidine (4 mg/ml growth medium).
myc-RAGE/V5/His-COS cell
Mixed clone COS-7 cell line transfected with plasmid pcDNA6-myc-RAGE/V5/His by
Lipofectamine 2000, selected by blasticidine (4 mg/ml growth medium).
RAGE-A/V5/His-Flp-In-293 cell
Mixed clone Flp-In-293 cell transfected with plasmid pcDNA6-RAGE-AC/V5/His by
Lipofectamine 2000, selected by blasticidine (4 mg/ml growth medium).
MMP9-COS
Mixed clone COS-7 cell stably transfected with pIRESneo2-hMMP9, selected by G418.
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3.1.7 Plasmids

pcDNA3

Mammalian expression vector, Amp-resistance, Neo-resistance, CMV promoter, BGH poly A,
high copy number plasmid, F1+ origin, selection on Geneticin (Invitrogen).

pcDNA6/V5-HisB

pcDNAG6/V5-HisB is 5.1 kb vector designed for high-level expression in mammalian host cells,
selection on blasticidin, Amp-resistance. It has the human cytomegalovirus immediate-early
(CMV) promoter for high-level expression in a wide range of mammalian cells (Invitrogen).
pIRESneo2

Eukaryotic expression vector contains attenuated internal ribosome entry site (IRES) from
encephalomyocarditis virus (ECMV), which permits the translation of two open reading frames
from one messenger RNA, and a synthetic intron known to enhance the stability of the mRNA.
The vector has a CMV promoter and an Amp resistance gene and a neomycin resistance gene.
pSGS

Eukaryotic expression vector contains the SV40 early promoter and the T7 bacteriophage
promoter. High copy number yields large quantities of double-stranded DNA. Use for in vivo or
in vitro expression. Amp resistance (Stratagene).

pcDNA6-myc-RAGE/V5/His

Vector pDNA-LIB-RAGE containing the human RAGE cDNA was used as initial template for
construction of RAGE expression vectors. To insert an internal myc tag coding sequence
immediately after the coding region for the signal peptide of human RAGE, PCR were performed
of the N-terminal part of hRAGE with primer RAGE_for and primer RAGE_myc_rev,
furthermore the C-terminal part of hRAGE was amplified with primer RAGE_myc_for and
primer RAGE_rev respectively.

Then these two PCR products were combined into a single PCR with primer RAGE_for and
RAGE_rev. The resulting PCR product was cut with Kpnl and Sacll and cloned into the
expression vector pcDNA6/V5-HisB (Invitrogen), thus creating the hRAGE-cDNA expressing
construct pcDNA6-mycRAGE/V5-His. By using this plasmid a N-terminal myc and C-terminal
V5 and His tagged RAGE protein can be expressed.

pcDNA6-RAGE

The human RAGE cDNA was subcloned from the pDNA-LIB-RAGE into EcoRI/Xbal sites of
plasmid pcDNA6/V5-HisB, thus creating construct pcDNA6-RAGE, which can be used for

expression of an untagged human RAGE protein.
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pcDNA6-RAGE-AC

The cytoplasmic domain deleted mutant RAGE-ACYT (367-404 amino acid) was generated from
pcDNA6-RAGE by PCR using primer RAGE_for and primer RAGE-AC. The PCR product was
then subcloned into the pcDNA6/V5/HisB vector, thus creating pcDNA6-RAGE-AC, which can
be used for expression of an untagged C-terminal truncated human RAGE protein.
pcDNA6-RAGE-P328E

The pupative MMP9 cleavage consensus sequence PTAGS (Pro-X-X-Hydrophob-Ser/Thr) is
mutated into ETAGS (point mutation).

With the plasmid pcDNA6-RAGE as template three PCRs were performed using primer pairs
RAGE_for and pcDNA3_seq_rev, RAGE_P342E_Down and pcDNA3_seq_rev, and RAGE_for
and RAGE_P342E_Up respectively. Three different PCR products of 1579 bp, 586 bp and 993 bp
were purified from a gel. Then the 1579 bp product was used as template and the other two
products (586 bp and 993 bp) were used as “Mega-primer” for a subsequent PCR. The newly
generated PCR product (size is also 1579 bp) contained the mutation and a newly introduced
Pvull site for screening of mutants. The 1579 bp PCR product was cut with Eco911 (cuts off a
582 bp fragment) and Xhol (cuts off a 140 bp fragment) and then the 857 bp fragment was
purified from a gel and ligated with Eco911/Xhol cut pcDNA6-RAGE vector to create construct
pcDNA6-RAGE-P328E.

pcDNAG6-RAGE-APTAGS

The putative MMP9 cleavage consensus sequence PTAGS (Pro-X-X-Hydrophob-Ser/Thr) was
mutated into AAGEG. With the plasmid pcDNA6-RAGE as template two PCRs were performed
using primer pairs RAGE_for and RAGE-dPTAGS-rev as well as pcDNA3_seq_rev, and
RAGE_for respectively. The two gel isolated PCR products were combined into a single PCR
with primer pair RAGE_for and pcDNA-Seq_rev. The 1579 bp PCR product was cut with Eco911
(cuts off a 582 bp fragment) and Xhol (cuts off a 140 bp fragment) and the 857 bp fragment was
purified from a gel and ligated with Eco911/Xhol cut pcDNA6-RAGE vector to create construct
pcDNAG6-RAGE-APTAGS.

pSG5-bADAM10-HA

From Kristina Endres, Institute for Biochemistry, Johannes Gutenberg-University, Mainz. The
construct is used for expression of bovine ADAM10 with a hemagglutinin epitope tag at the C
terminal end.

pSGS5-DN-bADAM10-HA

From Annette Roth, Institute for Biochemistry, Johannes Gutenberg-University, Mainz. The

construct can be used for expression of bovine ADAMI10 with the E384 A point mutation in the
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Zinc-binding region of ADAMI10 and with hemagglutinin epitope tag at the C terminal end.
pSG5-mADAM17-HA

From Kristina Endres, Institute for Biochemistry, Johannes Gutenberg-University, Mainz. The
construct can be used for expression of murine ADAM17 with hemagglutinin epitope tag at C
terminal end.

pcDNAS/FRT-mTACE-HA

Construct pcDNAS/FRT-mTACE-HA was subcloned from plasmid 162a.1 (from Rolf Postina)
into the Kpnl/ Bsp1201 sites of the vector pcDNAS/FRT. It encodes the mouse TACE cDNA.
pcDNAS/FRT-mTACE-DN-HA

This is the putative dominant negative mutant E406A of mTACE.

With the plasmid pcDNA3-mTACE-HA as template two PCRs were performed using primer
pairs pcDNA3_seq and mTACE_E406A_rev as well as mTACE_E406A_for and
mTACE-X828Nrul_R respectively. The two gel isolated PCR products were combined into a
single PCR with primer pair pcDNA_seq and mTACE-X828Nrul_R.The 2580 bp PCR product
was cut with Smal and Clal and the 773 bp fragment was purified from a gel and ligated with the
6764bp Clal/Smal cut pcDNAS/FRT-mTACE-HA vector to create construct
pcDNAS/FRT-mTACE-DN-HA.

pIRESneo2-hMMP9

Expression plasmid for human MMP9. The 2373bp fragment containing the MMP9 cDNA was
subcloned from the human MMPY9 containing plasmid pOTB7-MMP9 (RZPD clone
IRALp962P0118Q) into the vector pIRESneo2 between BamHI and EcoRI sites.

pSG5-hMMP9

Expression plasmid for human MMP9. The human MMP9 cDNA was subcloned from the human
MMP9 containing plasmid pOTB7-MMP9 (RZPD clone IRALp962P0118Q) into the vector
pSGS between BamHI and EcoRI sites.

pIRESneo2-MMP2

Expression plasmid for human MMP2. The human MMP2 cDNA was subcloned from the human
MMP2 containing plasmid pOTB7-MMP2 (RZPD clone IRAUp969F048D) into the vector
pIRESneo?2 between BamHI and EcoRI sites.

pCR3.1-MT1-MMP

A gift from Prof. Stephen Weiss (University of Michigan Health System,USA). HA-tagged
MT1-MMP cDNA, cloned into pCR3.1 vector (invitrogen)
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3.1.8 Oligonucleotides

The sequences of all oligonucleotides are in 5' - 3' direction as specified.

RAGE_myc_for

5’-GAAGAACAGAAGCTGATATCTGAAGAAGATTTGTTAGGCGCCCAAAACA

EcorV

Narl

TCACAGCCCGGATTGGCGAG-3’

RAGE_myc_rev

5"-GGCGCCTAACAAATCTTCTTCAGATATCAGCTTCTGTTCTTCGGCGCCTAC
Narl EcorV

Narl

TACTGCCCCCCACAGACTGAG-3’

RAGE_for

5-AAAGAAGGTACCATGGCAGCCGGAACAGCAGTTGGAGCCTG-3"
Kpnl

RAGE_rev

5’-CAACAACCGCGGCCCTCCAGTACTACTCTCGCCTGC-3’
Sacll

RAGE-delta C
5"-CACACCCTCAGGTTAACGCCTTTGCCACAAGATGACCCCAATG-3"
RAGE_P342E_Up
5’-GCCAGCTGT CTCCCCCTCCTCGCCTGG TTCGATG-3’

Pvull
RAGE_P342E_Down
5’-TCTGTGGGAGGATCAGGGCTGGGAACTCTA-3’
RAGE-dPTAGS_rev
5-CACTCCCTCTCCCGCGGCCCCCTCCTCGCCTGGTTCGATGATGC-3"
RAGE-dPTAGS_for
5"-GGGGGCCGCGGGAGAGGGAGTGGGAGGATCAGGGCTGGG-3
pcDNA3_seq
5-AGCAGAGCTCTCTGGCTA-3"
pcDNA3_Seq_rev
5"-ACTAGA AGGCACAGTCGAG-3~

32



Materials amd Methods

mTACE_E406A_for
5"-GGTTACAACTCACGCGTTGGGACACAATTTTGGAG-3"
mTACE_E406A_rev
5"-CTCCAAAATTGTGTCCCAACGCGTGAGTTGTAACC-3"
MMP?9 stealth RNAI oligonucleotide duplexes

RNAi-624

5"-AAGAUGUUCACGUUGCAGGCAUCGU-3"
3"-UUCUACAAGUGCAACGUCCGUAGCA-5"

RNAi-625

5"-AAUACAGCUGGUUCCCAAUCUCCGC-3"
3"-UUAUGUCGACCAAGGGUUAGAGGCG-5’

3.1.9 Inhibitors and Activators

PMA (Phorbol-12-Myristat-13-Acetat) Sigma, Deisenhofen

APMA (P-aminophenylmercuric acetate) Sigma, Deisenhofen

E64 Calbiochem, San Diego, USA

Pefabloc-SC Calbiochem, San Diego, USA

Pepstatin Calbiochem, San Diego, USA

DL-thiophran Calbiochem, San Diego, USA

GM6001 Calbiochem, San Diego, USA

GI254023X Dr. I. Hussain, Glaxo SmithKline,
Harlow (UK)

GW280264X Dr. I. Hussain, Glaxo SmithKline,
Harlow (UK)

PD98059 Sigma, Deisenhofen

Chelerythrine Sigma, Deisenhofen

A23187 (calcimycin) Calbiochem, San Diego, USA
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3.2 Methods

3.2.1 Molecular biology

3.2.1.1 Maintenance of bacterial strains

Strains were stored as glycerol stocks (LB-medium, 25% (v/v) glycerol) at —=70°C.

An aliquot of the stock was crossed out on LB-plate containing the appropriate antibiotics and

incubated overnight at 37°C. Plates were stored up to 6 weeks at 4°C.

3.2.1.2 Preparation of competent bacteria

Calcium chlorid-method (Dagert and Ehrlich 1979)

A single colony was inoculated into 2 ml LB medium and incubated overnight on a shaker at
37°C. 1 ml overnight culture was inoculated into 400 ml of LB medium and incubated on a shaker
at 37°C for 3-4 hours until ODgy,=0.4-0.6. The culture was transferred to sterile centrifuge tubes
and centrifuged 5000 rpm (Rotor JA-14), 10 min at 4°C. The supernatant was poured off and the
cells were kept on ice. Then the cell pellet was resuspended in 100 ml of ice cold sterile 50 mM
CaCl, and incubated for 15 min on ice. After centrifugation 6000 rpm (Rotor JA-14), 10 min at
4°C the cells were resuspended in 20 ml of ice cold 50 mM CaCl, containing 10% Glycerol.
Aliquot of 100 pl were incubated in micorcentrifuge tubes for 2 h on ice. Subsequently, the

suspension was frozen in liquid nitrogen and stored at —70°C.

3.2.1.3 Transformation of E. coli

To 100 pl of competent DHS5a cells either 50-100 ng of plasmid DNA or 10 pl of ligation mixture
were added and incubated for 20 min on ice. After a heat shock (1.5 min, 42°C) and successive
incubation on ice (3 min), 800 ul of LB-medium with 20 mM glucose were added to the bacteria
and incubated at 37°C for 60 min with gently shaking. Cells were plated on LB plates containing

the appropriate antibiotics. Plates were incubated at 37°C overnight.

3.2.1.4 Plasmid Minipreparation

3.2.1.4.1 Isolation of plasmid DNA from E.coli by the rapid boiling method

A single colony was inoculated into 3-5 ml of LB media in a 15 ml sterile culture tube with
appropriate antibiotics and incubated at 37°C overnight. After centrifugation and removal of the
supernatant, the cells were resuspended in 0.35 ml of STET buffer by vortexing. Then 25 ul of 20
mg/ml lysozyme were added and incubated at room temperature for 5 min. Then samples were

boiled for 50 seconds and then centroguged (14000 rpm for 20 min). After removal of the pellet,
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38ul of 3 M potassium acetate were added to each sample, and after mixing by inversion,
400 pl of isopropanol were added. The sample was centrifuged at 14000 rpm for 15 min at room
temperature. After removal of the supernatant and washing with 75% ethanol the nucleic acids

were dried at room temperature. Subsequently the DNA was dissolved in 50 ul of H,O.

3.2.1.4.2 Isolation of plasmid DNA from E.coli by Silica columns

To obtain high purity and quality plasmid DNA for cloning, transfection and sequencing,
QIAprep Spin Miniprep Kit (Qiagen, Germany) was used for preparation of small scales of

plasmid DNA (Miniprep) according to the manufacture’s protocol.

3.2.1.5 Plasmid Maxipreparation

A single colony was inoculated in 2 ml of LB/amp (100 pg ampicillin/ml LB) medium and grown
at 37°C for 8 h with constant agitation. Afterwards, this culture was added to 400 ml of LB/amp
medium and the culture was incubated at 37°C with constant agitation overnight. Cells were
pelleted in a Beckmann centrifuge (4000 rpm, 10 min, and 4 °C) and suspended with 8 ml of
buffer P1 and incubated for 5 min at room temperature. Then 8 ml of buffer P2 was added, mixed
thoroughly and incubated for 7 min at room temperature. Then 8 ml of buffer P3 was added,
mixed thoroughly and incubated on ice for 5 min. After centrifugation (15000 rpm, 30 min, 4°C),
the supernatant was transferred to a fresh centrifuge tube, mixed thoroughly with 17 ml
isopropanol and incubated for 10 min at room temperature. Then after centrifugation (15000 rpm,
20 min, 4°C), the supernatant was removed and 3 ml 75% ethanol was added. After
centrifugation (15000 rpm, 5 min, 4°C), the ethanol was removed and the pellet was dissolved in
6 ml H,O. Then 5 ml of 10 M NH4AC was added, mixed thoroughly and incubated on ice for 20
min. After centrifugation (15000 rpm, 20 min, 4°C), the supernatant was transferred into a fresh
glass centrifuge tube and 7 ml of isopropanol were added, mixed thoroughly and incubated on ice
for 20 min. The supernatant was removed after centrifugation (11000 rpm, 20 min, 4°C) and 3 ml
75% ethanol was added to wash the pellet. The ethanol was removed after centrifugation (11000
rpm, 5 min, 4°C) and the pellet was dried under laminar air flow.

Then the nucleic acid pellet was dissolved in 800 ul H,O and transferred into a 2 ml Eppendorf
tube. 6 ul RNaseA were added and incubated at 37 °C for 30 min. Then 800 ul PEG-solution
were added, mixed and incubated on ice for 20 min. After centrifugation (7000 rpm, 20 min,
room temperature), the supernatant was removed and 1 ml 75% ethanol was added to wash the
DNA pellet. The ethanol was removed after centrifugation (14000 rpm, 5 min, room temperature)

and then the pellet was dried.

35



Materials amd Methods

Then the DNA pellet was dissolved with 500 ul H,O. Proteins were extracted from the plasmid
DNA with 1X 600 pul Phenol (pH 7.5) and 4X 600 pl PCI (phenol/chloroform/isoamyl alcohol)
by centrifugation (14000 rpm, 3 min, room temperature). After each centrifugation, the upper
aqueous layer containing the plasmid DNA was transfered carefully into a fresh Eppendorf tube.
Finally the DNA solution was extracted twice with 1 ml diethylether. After centrifugation (14000
rpm, 3 min, room temperature) and the upper ether phase was removed. Then the rest of ether in
this DNA solution was evaporated under the sterile bench for 10 min.

The DNA was mixed with 50 pl 3 M potassium acetate (pH 4.8), then 1500 pl 100% ethanol
were added, mixed and incubated at -20 °C for 1h. After centrifugation (14000 rpm, 20 min,
room temperature) the supernatant was removed and 1 ml 75% ethanol was added. The
supernatant was removed after centrifugation (14000 rpm, 5 min, room temperature) and the
DNA pellet was dried at room temperature.

Finally the DNA pellet was dissolved in 1000 pul H,O. This is the final stock of plasmid DNA
which is suitable for transfection and long term storage. The concentration of the plasmid DNA

was determined photometrically.

3.2.1.6 Enzymatic modification of DNA

3.2.1.6.1 Digestion of DNA by restriction endonucleases

For digestion, the DNA was incubated with the recommended amount of appropriate enzymes in
the recommended buffer for 2 h at recommended temperature according to the manufacturer’s
protocol. The DNA was purified between the two digestions using the QIAquick PCR

Purification Kit.

3.2.1.6.2 Generation of blunt-end DNA fragments

A reaction mixture was made containing DNA, 1 x T4 DNA polymerase reaction buffer and 20
UM of each dNTP. Then 1 unit of T4 DNA polymerase was added and incubated at 15 °C for 30

min. Then the reaction was stopped by heating at 75 °C for 10 min.

3.2.1.6.3 Dephosphorylation of plasmid DNA

Alkaline phosphatases (AP) catalyze the removal of 5' phosphate groups from DNA, RNA, ribo-
and deoxyribonucleoside triphosphates. So AP can remove 5' phosphates from plasmid vectors
that have been cut with a restriction enzyme. In subsequent ligation reactions, this treatment
prevents self-ligation of the vector and thereby greatly facilitates ligation of other DNA fragments

into the vector. After restriction the plasmid DNA was purified by using the QIAquick PCR
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purification kit. Then SAP buffer (Boehringer Ingelheim) and 1 unit of SAP (scrimps alkine
phosphatase) per 100 ng plasmid DNA were added. The reaction was incubated at 37 °C for 2 h
and terminated by incubation at 70 °C for 10 min. The plasmid DNA was used for ligation

without further purification.

3.2.1.6.4 Ligation of DNA fragments

Ligation of DNA fragments was performed by mixing 50 ng vector DNA with fivefold to
eightfold molar excess of insert DNA. 1 pl of T4 DNA ligase (5 weiss unit/ul) and 2 pl of 10x
ligation buffer (both from MBI Fermentas) were added and the reaction mix was brought to a
final volume of 20 pl. The reaction was incubated for overnight at 12 °C. The reaction mixture

was used directly for transformation without any further purification.

3.2.1.7 DNA electrophoresis

DNA fragments were separated in horizontal electrophoresis cambers using agarose gels.
Depending on the size of DNA fragments, agarose gels were prepared by heating 1-1.5 % (w/v)
agarose (Gibco) in 1x TAE buffer,. After agarose was dissolved completely, ethidium bromide
was added. The gel was covered with 1x TAE buffer and the DNA samples were mixed with
sample buffer and pipetted in the sample pockets. The gel was run at constant voltage (10 V/cm
gel length) until the bromphenol blue dye had reached the end of the gel. Finally gels were

documented using a UV-light imaging system.
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3.2.1.8 DNA purification
3.2.1.8.1 Purification of DNA fragments
For purification of DNA fragments the QIAquick PCR Purification Kit (Qiagen GmbH, Germany)

was used according to the manufacture’s protocol.

3.2.1.8.2 Extraction of DNA fragments from agarose gels

The QIAquick Gel Extraction Kit (Qiagen GmbH, Germany) was used for isolation and
purification of DNA fragments from agarose gels. Ethidium bromide-stained gels were
illuminated with UV-light and the appropriate DNA band was excised from the gel with a clean
scalpel and transferred into an Eppendorf tube. The DNA fragment was purified following the

manufacture’s protocol.

3.2.1.8.3 Determination of DNA concentration

DNA concentration was determined spectroscopically using a photometer from Eppendorf. DNA
samples were usually diluted 1:20 with water. Concentration was determined by measuring the
absorbance at 260 nm, 280 nm and 320 nm. Absorbance at 260 nm should be higher than 0.1 but

less than 0.6 for reliable determinations. A ratio of A2 60/A280 between 1.8 and 2 monitored a

sufficient purity of the DNA preparation.

3.2.1.9 DNA Sequencing

DNA sequencing was performed by the Genterprise company (Genterprise, Mainz, Germany).

3.2.1.10 Polymerase Chain Reaction (PCR)

Polymerase chain reaction (PCR) employs multiple cycles of template denaturation, primer
annealing, and primer elongation to amplify DNA. PCR is an exponential process and a highly
sensitive technique for DNA amplification. Plasmid DNA was used as template. Several reaction
components are incorporated in PCR (Table 5). The template can be genomic or plasmid DNA.
The primers determine the sequence and the length of the amplified product. The most frequently
used thermostable polymerase is Tag DNA Polymerase. This enzyme is appropriate for routine
applications, but the use of other thermostable proof-reading DNA polymerases can improve

products of PCR.
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Table 5. Reaction Components of PCR

Component Final Concentration

Template 10-100 ng plamid DNA or cDNA
Primer forward 0.1-0.5 uM

Primer reverse 0.1-0.5 uM

10x Reaction buffer 1x

Magnesium 1.0-3.0 mM

dNTP mix 200 uM each dNTP
Thermostable DNA polymerase 1 unit/100 yul reaction

PCR was carried out using an automated thermal cycler (Biometra). The following standard

protocol was adjusted to each specific application:

3 min 95°C (initial denaturation)
30 cycles:

1 min 95°C (denaturation)

1 min 46-70°C (annealing)

1.5 min/kb 72°C (extension)

10 min 72°C (final extension)

PCR products were either separated by agarose gel electrophoresis, excised and subsequently
purified with the QIAquick Gel Extraction kit or directly purified with the PCR Purification Kit.

Purified PCR products were ready to use for downstream work.
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3.2.2 Protein biochemical methods

3.2.2.1 Determination of protein concentration (Bradford assay)

To determine the total protein concentration of e.g. cell lysates, the Bradford assay (Bradford,
1976) was used. The assay is based on the observation that the absorbance maximum for an
acidic solution of Coomassie Brilliant Blue G-250 shifts from 465 nm to 595 nm when binding to
protein occurs. Both hydrophobic and ionic interactions stabilize the anionic form of the dye,
causing a visible color change. Within the linear range of the assay (~5-25 pg/ml), the more
protein present, the more Coomassie binds.

The BSA standard dilution series as described in Table 6 was prepared in a 1.5 ml Eppendorf tube
and 50 pl of 100% formic acid were added. Then the unknown sample was diluted in 50% formic
acid to an appropriate concentration to be within the linear range of the BSA standard line. To
100 pl BSA standard or 100 ul diluted sample (each in 50% formic acid) 900 ul Roti-Quant
(Roth) which was previously diluted 1:5 with water were added. After being mixed by inverting
and incubation for 20 min at RT, the samples were measured at 595 nm.

Table 6. Preparation of BSA standard series

BSA (0.5 mg/ml) H,O Concentration
Opl 50 ul 0 pg/ml

4 ul 46 pl 2 pg/ml

8 ul 42 ul 4 pg/ml

12 ul 38 ul 6 ug/ml

16 ul 34 ul 8 ug/ml

20 pl 30 pul 10 pg/ml

3.2.2.2 TCA precipitation of proteins

TCA precipitation was used to concentrate proteins from cell supernatants for further analysis.
Supernatants were collected and centrifuged at 1500 rpm for 10 min to remove cell debris, and
then subjected to TCA precipitation. Briefly, samples were mixed with 11.11% volumes of 6.1 M
TCA (the final TCA concentration is 10%), incubated on ice for 2 min, centrifuged at 13,000 g
for 5 min, and then supernatants were carefully removed. The pellets were washed twice with
ice-cold acetone by centrifugation at 13,000 g for 5 min, subsequently dried, and then dissolved

in SDS-PAGE loading buffer and heated at 95°C for 10 min.
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3.2.2.3 Chloroform-Methanol precipitation of proteins

The method can be used to purify proteins from lipids, detergents and salts.

400 pl methanol was added to 50 pl solubilized protein and mixed by vortexing. Then 100 pl
chloroform was added and mixed by vortexing. Next, 300 ul H,O was added and mixed.
Subsequently the samples were centrifuged at 14,000 rpm (2 min, room temperature); proteins
accumulate at the border-line, between the water phase and the organic phase. After that, the
supernatant was removed completely without losing any protein, and then 400 ul methanol was
added and mixed by vortexing.

By centrifugation at 14,000 rpm (2 min, RT), the proteins were precipitated. After removal of the
supernatant the protein pellet was dried and could be used for gel electrophoresis or for protein
quantification.

If gel electrophoresis should be carried out, the pellet was dissolved in an appropriate protein
sample buffer.

If the amount of proteins should be determined, the protein pellet was dissolved in formic acid

and subjected to the Bradford assay.

3.2.2.4 SDS-polyacrylamide gel electrophoresis

Separation of proteins was performed by means of the discontinuous SDS-polyacrylamide gel
electrophoresis (SDS-PAGE) using the Mini-Protean III system (BioRad). The size of the running
and stacking gel was as follows:

Separation gel: height ~8 cm, thickness 1 mm

10 %(v/v) acrylamide

Stacking gel: height ~2 cm, thickness 1 mm

5% (v/v) acrylamide

10 or 15-well combs

After complete polymerization of the gel, the chamber was assembled as described by the
manufacture’s protocol. Samples were loaded in the pockets and the gel was run at constant
current at 10 mA for the stacking gel and then for the separation gel at 20 mA. The gel run was
stopped when the bromphenol blue dye had reached the end of the gel. Gels were then either

stained or subjected to Western Blotting.
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3.2.2.5 Western Blot

3.2.2.5.1 Electrophoretic transfer

Proteins were transferred from the SDS-gel onto a nitrocellulose membrane (Amersham) using a
Semi-Dry-Blot instrument (Biometra, Géttingen). After equilibration of the nitrocellulose
membrane in blot buffer for 5 min, the blotting sandwich was assembled as described in the
manufacture’s protocol. Proteins were transferred at room temperature at constant voltage (10 V
for 30 min). The prestained marker See Blue plus (Invitrogen) was used as molecular weight

marker and to monitor the transfer.

3.2.2.5.2 Immunological detection of proteins on nitrocellulose membranes

After electrophoretic transfer, the membranes were removed from the sandwich and placed
protein-binding side up in plastic dishes. Membranes were washed once in PBS-T and then
incubated in blocking buffer for 1 h at room temperature with gently shaking. Afterwards, the
primary antibody was added in an appropriate dilution and incubated either for 1 h at RT or
overnight at 4°C. The primary antibody was removed and the membrane was washed 3x 5 min
then 2x 10 min with PBS-T. The appropriate secondary antibody was then applied for 1 h at RT.
The membrane was washed again 3x 5 min with PBS-T followed by two short washing steps with
PBS. And then immunoreactive proteins were visualized using the enhanced chemiluminescence

detection reagent (ECL).

3.2.2.5.3 Immunological detection using enhanced chemiluminescence

The antibody bound to the membrane was detected by using the enhanced chemiluminescence
detection reagent (100 mM Tris/HCI pH 8.5; 1.25 mM Luminol; 0.2 mM p-Cumaric acid; 0.01 %
(v/v) HOy).

The membrane was incubated for 5 min in detection reagent. Then the solution was removed and
the blot was dried and placed between two saran warp foils. The membrane was either exposed to
X-ray film (Biomax-MR, Kodak) for several time periods, starting with a 5 min exposure, or
signals were detected and quantified with the VersaDoc imaging systems (Model 3000, Biorad,
Miinchen) by the quantity one program.

42



Materials amd Methods

3.2.2.6 Coomassie staining of polyacrylamide gels

The colloidal Coomassie staining of polyacrylamide gels was performed with the Roti-Blue kit
(Carl Roth GmbH). After SDS-PAGE, the gels were incubated with Roti-Blue staining solution
for 2-15 h with constant agitation. The gels were then incubated in destaining solution until the

background of the gels appeared nearly transparent.

3.2.2.7 Biotinylation of cell surface proteins
Cell surface proteins were biotinylated using the water soluble cell membrane-imperviable
biotinylation reagent Sulfo-NHS-Biotin (Pierce) following manufacture’s instruction.

3.2.2.7.1 Biotin labeling and induction of shedding

The adherent cells were washed twice with 3 ml of PBS, and then 1 ml PBS was added to each
well. Sulfo-NHS-LC-Biotin was equilibrated to room temperature. Immediately before use, a 10
mM Sulfo-NHS-LC-Biotin solution was prepared by adding 1.65 mg to 300 pl of ultrapure water.
Then this solution was transferred completely into 15 ml PBS and mixed carefully. Then, 1 ml of
the Sulfo-NHS-LC-Biotin/PBS solution was added to each well and mixed carefully followed by
incubation at room temperature for 30 min. After incubation, cells were washed once with about
4 ml of TBS pH 7.4. Then 1.5 ml of preheated secretion medium (DMEM with 2 mM glutamine
and 10 pg/ml fatty acid-free BSA) was added together with either 1 uM PMA, 142 uM APMA or
DMSO (negative control). The cells were then incubated with PMA and DMSO for 1.5h but were
incubated with AMPA only for 15 min.

Then the supernatant was collected by transfering the secretion medium (1.5 ml) into a 1.5 ml
Eppendorf tube. After centrifugation for 5 min at 2500 rpm, 1.3 ml supernatant was transferred
into a fresh 1.5 ml Eppendorf tube. The samples were then frozen at -20°C before the biotinylated

proteins were captured.

At the same time the cells were collected and solubilized with 300 ul 5% SDS (dissolved in
water). The samples were then frozen at -20°C before denaturation at 95°C for 10 min. During the

denatutation step the samples were vortexed vigorously every 2 min.

3.2.2.7.2 Capturing of biotinylated proteins

After the frozen supernatant being thawed, 26 pl of 5% SDS was added to 1.3 ml of supernatant
(secretion medium) and then 35 pl of well mixed NeutrAvidin Biotin binding agarose (Pierce)
was added. After denaturation, 1274 ul of PBS was added to 26 pl of SDS-solubilized cells and

then 35 pl of well mixed NeutrAvidin Biotin binding agarose (Pierce) was added.

43



Materials amd Methods

Subsequently, all samples were incubated by rotating for 1.5-2 h at 4°C. After incubation, the
agarose beads were spun down by centrifugation at 2500 g (7 min, RT). Next, the agarose beads
were washed at least 2 times with 0.8 ml PBS/0.1% SDS followed by rotating for 3 min for
mixing, and then the agarose beads were spun down at 2500 g (7 min and RT). After that, the
final wash was removed and 30 pl of 2x Laemmli buffer including 100 mM DTT were added and
then the samples were boiled for 10 min at 85°C with frequent vortexing. After denaturation the
samples were incubated for 10 min at RT followed by centrifugation at 6000 rpm (10 min, RT).
Then 20 pl of the supernatant was transferred very carefully into a fresh Eppendorf tube for

Western blot analysis.

3.2.2.8 Gelatin zymography assay

MMPO activity was analyzed by 10% SDS-PAGE containing 0.1% gelatin as described
(Woessner, Jr. 1995). Briefly, after electrophoresis, gels were washed in 2.5% Triton X-100 at
room temperature for 1 h and then incubated for 16 h at 37°C in reaction buffer (100 mM
Tris-HCI pH 7.5, 10 mM CaCl,). The gels were then stained with Coomassie Brillliant Blue R250
for 2-12 h followed by washing with 25% methanol overnight. The clear bands represented

glatinase activity.

3.2.3 Cell biology methods

3.2.3.1 Cell culture

All culture incubations were performed in a humidified 37°C, 5% CO, incubator unless otherwise
specified. Flp-In 293 cells and COS-7 cells were cultured in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10% fetal calf serum, 2 mM glutamine, 100 U/ml penicillin
and 100 mg/ml streptomycin.

3.2.3.2 Trypsinizing adhesive cells

All medium from cultured cells was removed with a sterile Pasteur pipette. Adhering cells were
washed once with 5 ml PBS then 5 ml Trypsin/EDTA solution was added to cover the cell layer.
The cells were released from the bottom of the culture dish using a 5 ml pipette. The cells were
pipetted gently up and down to disrupt cell clumps and then transferred into a sterile 15 ml
centrifuge tube filled with 5 ml DMEM-Complete medium. The cells were spun down by
centrifugation at 1000 rpm for 5 min. After aspiration of the supernatant the cell pellet can be

used as required.
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3.2.3.3 Subculture adhesive cells
After harvesting the cells by trypsinization (3.3.3.2), the cells were resuspended in an appropriate
volume of prewarmed growth medium (DMEM-Complete medium) and plated on cell culture

dishes.

3.2.3.4 Freezing cells

After harvesting the cells by trypsinization (3.3.3.2), the cells were resuspended in an appropriate
volume of freezing medium (DMEM-Complete medium with 10% DMSO) at a density of 3-5 x
10° cells/ml. 1.5 ml of cell suspension was transferred into each freezing vial. Then the vials were
put on ice in a closed styropor box, incubated at -80°C overnight and then stored in liquid

nitrogen.

3.2.3.5 Thawing cells
Prewarmed growth medium was added to an appropriately sized cell culture dish. Then a vial of
frozen cells was removed from liquid nitrogen. Subsequently, the thawed cell suspension was

transferred into a cell culture dish containing prewarmed growth medium.

3.2.3.6 Transfection of cells with lipofectamine 2000

The day before transfection, the cells were plated in 5 ml of growth medium containing serum but
no antibiotics in 35 mm dishes so that they were 90-95% confluent on the day of transfection. For
each plate of cells to be transfected, 10 ug of DNA was diluted in 300 pl of MEM-medium
(without serum etc.) and 25 pl of Lipofectamine 2000 (LF2000 for abbreviation) reagent was
diluted in 300 ul MEM-Medium (without serum etc.). Then the diluted LF2000 was incubated for
5 min at room temperature. Once the LF2000 reagent is diluted, it must be combined with the
DNA within 30 min and then incubated at room temperature for 20 min to allow DNA-LF2000
reagent complexes to form.

While the DNA-LF2000 reagent complexes were incubated, the cells were washed once carefully
with MEM-medium (without serum etc.). Then the DNA-LF2000 reagent complexes (600 pl)
were added directly to each plate and mixed gently by rocking the plate. After that, the cells were
incubated at 37°C in a CO, incubator for 4-6 h. Then growth medium was added and incubation

proceeded until the cells were used for further experiments.
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3.2.3.7 Transfection of cells with DEAE-Dextran reagent

3.2.3.7.1 Prepare transfection mixtures

Immediately before transfection, transfection mixtures were prepared as following (indicated
volumes are sufficient for one 10 cm cell culture dish):

400 ul DEAE-Dextran (10x Stock) and 5 pl Chloroquine (1000x Stock) were added to 4.6 ml
DMEM-Incomplete (DMEM containing 7% Serum PlusTM, 2 mM glutamine) and mixed by
shaking. Then 10 pg of plasmid DNA was added and mixed.

3.2.3.7.2 Transfection

The day before the transfection, COS cells were plated on 10 cm plates so that they were 70%
confluent on the next day. Then the culture medium was soaked off and the cells were washed
carefully once with 6 ml DMEM (without serum etc.). Subsequently, 5 ml of transfection
mixtures were added to each plate and the cells were incubated for 4.5 h at 37°C/5% CO,. After
that, the transfection mixtures were soaked off and 6 ml of PBS/10% DMSO was added to the
cells and incubated for 3 min at RT. Then the PBS/DMSO solution was soaked off and the cells
were washed carefully once with 6 ml of DMEM. Finally the DMEM was soaked off and 10 ml
of DMEM complete medium was added and then the cells were incubated for 2-3 additional days.

3.2.3.8 Selection of stably transfected cells

Cells were transfected with plasmid containing the gene of interest by Lipofectamine 2000 in 35
mm cell culture dishes. 24 h after transfection, the cells were subcultured in 60 mm cell culture
dishes without antibiotic selection. The next day the medium was exchanged against selection
medium with appropriate antibiotics. The cells grown during 2-3 weeks in selection medium,
which was changed every 2-3 days, were considered as stably transfected cells. Individual cell

clones were isolated by seeding different dilutions of cells on 96 well plates.

3.2.4 Methods for analysis of ectodomain shedding

3.2.4.1 General procedures

Cells were seeded on poly-L-Lysin coated cell culture dishes and incubated at 37°C overnight so
that the next day the cells were 90-95% confluent. The cells were then washed carefully twice
with washing medium (serum free DMEM), then secretion medium (serum free DMEM with 2
mM glutamine) containing different chemicals was added and the cells were incubated at 37 °C
for indicated time points according to individual experiments. For experiment with protease

inhibitors or other inhibitors, the cells were preincubated with growth medium containing
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indicated concentration of inhibitors for 30 min and then the medium was replaced by secretion

medium containing the same concentration of fresh inhibitors followed by incubation at 37°C for

indicated periods according to individual experiments. All information about the chemicals used

and incubation times in different experiments is summarized in Table 7.

Table 7. Summary of inhibitors and activators used for analysis of shedding of RAGE
Preincubation Incubation

Chemical

PMA

(Phorbol-12-Myristat-13-Acetat)
APMA (P-aminophenylmercuric

acetate)

E64

Pefabloc-SC

Pepstatin

DL-thiophran

GM6001

GI254023X

GW280264X

PD98059
Chelerythrine

A23187 (calcimycin)

Character

phorbol ester

mercuric
metalloproteinase
activator
Cysteinproteases
inhibitor
Serinproteases

Aspartatproteases

Neprylisin
inhibitor
Metalloproteinases
inhibitor
Metalloproteinases
inhibitor
Metalloproteinases
inhibitor

MEK inhibitor
PKC inhibitor
Calcium

ionophore

47

Final

concentration

1 uM

70-350 uM

1.4 uM

1 mM
1.4 uM

1 mM

10 uM or 50
uM

10 uM

10 uM

25 uM

S5uM
2 uM

time

No

30 minutes

30 minutes

30 minutes

munites

30 minutes

30 minutes

30 minutes

30 minutes

30 minutes

30 minutes

No

time

1.5-4 hours

15 minutes

1.5 hours

1.5 hours
1.5 hours

1.5 hours

1.5 hours

1.5 hours

1.5 hours

1.5 hours

1.5 hours

1.5 hours or

4 hours
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3.2.4.2 Handling of the secretion medium
After incubation for indicated periods, secretion medium was collected and centrifuged at 1500

rpm for 10 min to remove cell debris. Proteins in secretion medium were precipitated with 10%

TCA as described in 3.2.2.2.
3.2.4.3 Handling of cells
Cells were washed with PBS and were dissolved with protein sample buffer (Laemmli buffer or

NuPAGE buffer). Then the cell lysates were stored at -20°C until use.

3.3 Data analysis

The western blot analysis was quantified with the VersaDoc imaging software Quantity one
(Biorad, Miinchen).

The software Sigmaplot 9.0 (Systat Software Inc., USA) was used for statistical analysis. All
data are present as mean* SD. The unpaired one-tailed student’s t-test was used for comparison

of differences between two groups. Results were termed significance for p < 0.05.
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4. Result

4.1 Overexpression of myc-RAGE or wild-type RAGE in Flp-In 293 cells as
well as COS-7 cells

The human RAGE receptor gene encodes a protein of 404 amino acids with an expected
molecular weight about 55 kDa. Both wild-type and myc-tagged human RAGE cDNAs were
cloned into the pcDNA6/V5/HisB vector. The obtained pcDNA6-RAGE and
pcDNA6-myc-RAGE/V5/His constructs were stably transfected into Flp-In 293 cells. In addition,
pcDNA6-myc-RAGE/V5/His was also stably transfected into COS-7 cells. To confirm that both
constructs are expressed, western blot analysis was performed with lysates from
myc-RAGE/V5/His-Flp-In 293 cells, RAGE-Flp-In 293 cells and myc-RAGE/V5/His-COS-7
cells. A monoclonal anti-RAGE N-terminal antibody was used as primary antibody for wild-type
RAGE and an anti-myc antibody (9E10) was used as primary antibody for myc-tagged RAGE. A
55 kDa band was detected in lysates from all three cell lines, while no signal was detected in
mock transfected control Flp-In 293 cells (Figure 7). Furthermore, the myc-tagged RAGE protein

showed no significant difference from wilde-type RAGE in its molecular weight.
A B C
Flp-In 293 cell Flp-In 293 cell COS-7 cell

— - o
& & & &
& & fj éf

¢

&

55kDa

Figure 7. Expression of either myc-tagged RAGE or wild-type RAGE in Flp-In 293 cells and COS-7
cells.

Cell lysates of Flp-In 293 cells or COS-7 cells stably expressing myc-tagged RAGE or wild-type
RAGE were separated by SDS-PAGE and blotted onto nitrocellulose membranes. The proteins were
detected with mouse anti-myc antibody (9E10) and monoclonal anti-RAGE N-terminal antibody
respectively. Myc-RAGE: myc-tagged RAGE. wtRAGE: wild-type RAGE. Mock: control vector.
(A) and (B): Flp-In-293 cells. (C): COS-7 cells.
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4.2 Human soluble RAGE is released from the cell membrane

4.2.1 Cleavage products of full-length RAGE

To investigate whether the extracellular domain of full-length RAGE is released from the cell
membrane into the cell culture medium, myc-RAGE/V5/His-Flp-In 293 cell were grown to 95%
confluence and incubated with serum-free DMEM containing 1% Glutamine (Secretion medium,
SM) for 4 hours, the cell lysates as well as the precipitated protein from SM were analyzed by
immunoblots as described in “Materials and Methods”.

As shown in Figure 8A lane 1, two close bands of about 48 kDa and 45 kDa were detected in SM
by the 9E10 antibody, while an antibody against the C-terminal part of RAGE detected a 14 kDa
fragment in cell lysates in addition to full-length RAGE (Figure 8B Lane 1). These data indicated
that RAGE undergoes proteolytic cleavage.

RAGE + + — 4+ RAGET —

kDa
PNGaseF — 4+ — — 62>
— Full-I th RAGE
kDa 49> urend
64> 38>
50> 28>
—— —
” 14> RAGE-CTF
=
1 1
Fig8 4 ? A

Fig.8 B
Figure 8. Cleavage of epitope-tagged RAGE and glycosylation of sSRAGE.

Flp-In 293 cells stably expressing myc-tagged RAGE were incubated at 37°C for 4 hours with SM.
Proteins in SM were precipitated with 10% TCA and cells were lysed in 2X Laemmli buffer. The cell
lysates and the precipitated SM proteins were subjected to western blot analysis. Mouse anti-myc
antibody (9E10) and mouse anti-V5 antibody were used as primary antibody for proteins in SM and cell
lysates respectively. (A) Lane 1: SRAGE of about 48 kDa and 45 kDa detected in SM are N-terminal
cleavage product of RAGE. Lane 2: unglycosylated SRAGE resulting from PNGaseF treatment. Lane 3:
SM from mock transfected controls. Lane 4: full-length RAGE from cell lysates. (B) Lane 1: full-length
(upper band) and cleaved C-terminal fragment (CTF, lower band) of myc-RAGE/V5/His in cell lysate.
Lane 2: cell lysate from mock-transfected control cells.

50



Results

4.2.2 Glycosylation of secreted RAGE (sRAGE)

Furthermore, to examine whether the two detected isoforms of secreted RAGE are either
differently glycosylated or result from two distinct proteolytic steps, we treated SM from
myc-RAGE/V5/His -Flp-In 293 cells with PNGase F and then detected only the low molecular
weight band (Figure 8A lane 2). This demonstrates that the two forms of SRAGE result from
different glycosylation rather than from different proteolytic cleavage. In fact, it has been
suggested that the first Ig-like domain of RAGE (V-domain) contains two potential N-linked
glycosylation sites (Neeper et al. 1992). The importance of RAGE glycosylation has been
demonstrated recently (Srikrishna et al. 2002). Presumably, N-linked glycosylation of SRAGE is
of importance because SRAGE has the same ligand specificity as full-length RAGE. Actually, it
was recently reported that SRAGE purified from mouse lung contains two potential
N-glycosylation sites (Hanford e al. 2004). Thus the finding that human RAGE secreted from
cultured cells appears as two different N-glycosylated forms is consistent with results of other

reports.

4.2.3 Full-length human RAGE is cell surface associated and the cleavage of RAGE
occurs at the plasma membrane

Cell surface biotinylation has been considered as an important method to study the expression and
regulation of receptors and transporters, and for differentiation of plasma membrane proteins
from those localized to organelle membranes (Daniels and Amara 1998). The specificity of the
Sulfo-NHS-Biotin reagents for cell surface labeling has been demonstrated in these applications
(Liaw et al. 2001; Borroto et al. 2003). Because these molecules cannot penetrate the cell
membrane, as long as the cell remains intact, only primary amines exposed on the cell surface

will be biotinylated with the Sulfo-NHS-Biotin reagents.

To confirm the membrane localization of overexpressed RAGE in Flp-In-293 cells, cell surface
biotinylation was performed as described in “Materials and Methods”. For biotinylation, cells
were washed carefully twice with PBS and then incubated with SmM Sulfo-NHS-Biotin reagents
at room temperature for 30 min. Then cells were washed with TBS to stop the biotinylation. After
washing, cells were incubated with SM containing either 1 uM PMA, or 142 uM APMA or equal
amounts of DMSO for indicated time points (Figure 9). SM and cells were collected respectively
and the biotinylated proteins were isolated with steptavidin-agarose beads. Biotinylated proteins
in SM and cell lysates were analyzed by western blotting with the anti-RAGE N-terminal
antibody. The results showed that full-length RAGE in cell lysates and secreted RAGE in SM
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were biotinylated. In conclusion, this demonstrates that the RAGE receptor is located on the cell
plasma membrane and moreover, that the cleavage of RAGE occurs at the plasma membrane

(Figure 9).

RAGE in SM Cell-bound RAGE
TaggedRAGE Wt RAGE Tagged RAGE Wt RAGE
I | I I I? l
Secreted RAGE - - - g W =m mu™® == mm Full-length RAGE
1 2 3 4 5 6 7 89101112

Figure 9. RAGE is cell surface associated and the cleavage of RAGE occurs at the plasma
membrane.

myc-RAGE/V5/His-Flp-In-293 cells (lanes 1-3 and lanes 7-9) or RAGE-FlIp-In-293 cells (lanes 4-6 and
lanes 10-12) were biotinylated. After washing, cells were incubated with SM containing either 1 uM
PMA or equal amounts of DMSO for 2 hours, or 142 uM APMA for 15 min. SM and cells were
collected respectively and the biotinylated proteins were isolated with steptavidin-agarose beads.
Biotinylated proteins in SM (lanes 1-6) and cell lysates (lanes 7-12) were analyzed by western blotting
with the anti-RAGE N-terminal antibody.

4.3 Proteolysis of RAGE is both constitutive and regulated

Ectodomain shedding by proteolysis occurs in a constitutive as well as a regulated way. The most
widely studied inducer of shedding is phorbol 12-myristate 13-acetate (PMA), which activates
protein kinase C (PKC) (Schlondorff and Blobel 1999). Calcium ionophores, cytokines, growth
factors and chemotactic peptides also induce shedding (Hooper et al. 1997). To test whether
proteolysis of RAGE is also regulated, myc-RAGE/V5/His-Flp-In 293 cells or RAGE-Flp-In 293
cells were incubated with SM containing: PMA, calcium ionophore A23187, PKC inhibitor
chelerythrin chloride, MAP kinase (MAPK) inhibitor PD98059, APMA or equal volumes of

DMSO as control for indicated time as described in “Materials and Methods”.
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4.3.1 Constitutive and PMA stimulated shedding of RAGE
In myc-RAGE/VS5/His-Flp-In 293 cells and RAGE-Flp-In 293 cells, there was a certain level of

constitutive shedding, which was increased upon stimulation with PMA (1 pM) for 2 hours
(Figure 10A). Similar experiments were performed with COS-7 cells transiently transfected with
myc-tagged RAGE or wild-type RAGE expression constructs. Also in COS-7 cells shedding of
RAGE was constitutive and PMA-inducible (Figure 10B).

Based on these results, one can conclude that shedding of RAGE is both constitutive and

stimulated, which is common to most reported shedding events.

A Flp-In 293 sRAGE B COS-7 sRAGE

PMA - - + - + PMA - + - + -

<«— 50kD —»

LJ\ ) \ ) LJ \ A )

Mock myc-RAGE Mock myc-RAGE
wtRAGE wiRAGE

o

myc-RAGE wtRAGE

o [ control
T [1PMA

S
o
o

300 -

200 1

100 T T

Secreted RAGE (% of control)

o

Figure 10. Constitutive and PMA -stimulated shedding of RAGE.

(A) myc-RAGE/V5/His-Flp-In 293 cells or RAGE-Flp-In 293 cells were incubated with 1 uM PMA or
an equal volume of DMSO for 2 hours. Proteins in secretion medium were precipitated with 10% TCA
and then subjected to 10% SDS-PAGE followed by immunoblotting. The proteins were detected with
either the mouse anti-myc antibody (9E10) or monoclonal anti-RAGE N-terminal antibody respectively.
myc-RAGE: myc-tagged human RAGE. wtRAGE: wild type RAGE. Mock: negative control. (B)
COS-7 cells transiently transfected with myc-tagged RAGE or wild-type RAGE were incubated with
SM containing 1 uM PMA or an equal volume of DMSO for 2 hours. Secreted RAGE in secretion
medium was detected in the same way as in (A). (C) Graphic representation of density evaluation of
immunoblotting from experiments showed in (A). The experiments were performed in triplicates for 3
times. The mean effect + SD were shown here and analyzed by unpaired student’s t-Test: * p < 0.05,
**p<0.01.

4.3.2 APMA stimulated shedding of RAGE
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P-aminophenylmercuric acetate (APMA), a mercuric metalloproteinase activator, is known to
activate MMPs as well as ADAMs (Tsakadze et al. 2006). APMA can activate latent
metalloproteinases by inducing the removal of the enzyme propeptide inhibitory region. To
examine whether APMA can stimulate shedding of RAGE, myc-RAGE/V5/His-COS-7 cells were
incubated with secretion medium containing different concentration of APMA up to 350 uM for
15 min. secreted RAGE was analyzed in secretion medium by immunoblotting. As shown in
Figure 11, APMA up-regulated the cleavage of RAGE. The increase of secreted RAGE in
secretion meidum corresponded to the gradient increase of APMA concentration. However, the
amount of secreted RAGE in secretion medium reached to a maximum when 142 uM APMA

were added to secretion medium..

In conclusion, APMA could stimulate shedding of RAGE which suggests that shedding of RAGE

may be mediated by metalloproteinases.

APMA (uM) 0 0 70 70 142 142 350 350
Secreted <50kDa
RAGE L
Lane 1 2 3 4 5 6 7 8 9

Figure 11. Shedding of RAGE stimulated by APMA.

Myc-RAGE/V5/His—COS-7 cells were incubated with secretion medium containing DMSO or
indicated concentration of APMA for 15 min. Proteins in secretion medium were precipitated with
10% TCA and then subjected to 10% SDS-PAGE followed by immunoblotting. The proteins were
detected with the mouse anti-myc antibody (9E10). Lanes 1-8: myc-RAGE/V5/His-COS-7 cell
supernatant. Lane 9: supernatant of COS-7 cell transfected with the control vector
pcDNAG6/V5/HisB. This experiment was done with duplicates and repeated for at least 3 times.

4.3.3 Calcium ionophore stimulated shedding of RAGE

Calcium ionophores such as calcimycin (A23187) lead to a calcium influx into cells, resulting in
the activation of a variety of cell signaling pathways that can be involved in shedding activation
(Sanderson et al. 2005). To investigate whether A23187 have similar stimulatory effects as PMA
on shedding of RAGE, RAGE-Flp-In 293 cells seeded in triplicate on poly-lysine coated 6-well
plates. On the next day the cells were incubated with secretion medium containing either 2 pM
A23187 or 1 pM PMA for 1.5 hours and 4 hours respectively, equal volumes of DMSO was used

as negative control. SRAGE was analyzed in secretion medium by immunoblotting. Similar to
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PMA, treatment with A23187 increased the level of SRAGE in secretion medium (Figure 12).
Therefore calcium ionophores also stimulated shedding of RAGE, which suggests that calcium is

implicated in the regulation of shedding of RAGE.
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Figure 12. Shedding of RAGE stimulated by a calcium ionophore.

(A) RAGE-Flp-In 293 cells were incubated with secretion medium containing either 2 pM of
A23187 or 1 uM PMA for indicated periods. Proteins in secretion meidum were precipitated with
10% TCA and then subjected to 10% SDS-PAGE followed by immunoblotting. SRAGE in
secretion medium was detected with the mouse anti-RAGE N-terminal antibody. (B) Graphic
representation of density evaluation of immunoblotting from experiments showed in (A). The
experiments were performed in triplicates for 3 times. The mean effect + SD were shown here
and analyzed by unpaired student’s t-Test: * p < 0.01, ** p < 0.001.
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4.3.4 PD98059 does not affect shedding of RAGE whereas Chelerythrine enhances
shedding of RAGE

The mechanism by which PMA stimulates shedding of transmembrane proteins remains largely
unclear. Several reports have shown that PMA activated shedding is PKC-dependent (Hahn et al.
2003; Le Gall et al. 2003) while others have controversial results (Racchi et al. 1999). To test
whether PKC or MAPK signaling pathways are involved in shedding of RAGE, RAGE-Flp-In
293 cells were treated with either chelerythrine (PKC inhibitor), or PD98059 (MEK inhibitor
that blocks the MAPK/ERK pathway) alone or together with PMA as described in “Material and
Methods”. Both inhibitors had no inhibitory effect on constitutive and PMA stimulated shedding
of RAGE. On the contrary, to our surprise, chelerythrime enhanced the release of sSRAGE in

secretion medium under both constitutive and PMA stimulated conditions (Figure 13).
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Figure 13. Effects of chelerythrine and PD98059 on RAGE shedding.

(A) RAGE-Flp-In 293 cells were treated with either chelerythrine (5 uM), or PD98059 (25 uM) alone
or together with PMA for 1.5 hours. Proteins in secretion medium were precipitated with 10% TCA
and then subjected to 10% SDS-PAGE followed by immunoblotting. Secreted RAGE in secretion
medium was detected with the mouse anti-RAGE N-terminal antibody. (B) Graphic representation of
density evaluation of immunoblotting from experiments showed in (A). The experiments were
performed in triplicates for 3 times. The mean effect + SD were shown here and analyzed by

Singeithe sAMARK t{Tathway >iolobitorp RIDAKIS9 (25 uM) had no effects on constitutive and
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stimulated shedding of RAGE, the MAPK pathway is unlikely to play a role in shedding of
RAGE. Based on the data that the PKC inhibitor chelerythrine could not inhibit PMA-stimulated
shedding, one can assume that PMA-stimulated shedding can take place independently from
activation of PKC. Interestingly, chelerythrine induced shedding has been demonstrated in a
recent report where chelerythrine stimulated proteolytic processing of HB-EGF through a reactive
oxygen species (ROS) dependent way (Kim et al. 2005). In this line, although chelerythrine is a
potent PKC inhibitor, it was shown to induce intracellular ROS (Yu et al. 2000). The mechanism
by which chelerythrine induces shedding of RAGE remains to be investigated, but it is likely that
ROS induced by chelerythrine are involved in regulation of RAGE shedding.

4.4 The cleavage of RAGE is unaffected by several different proteases
inhibitors

To characterize which class of protease(s) might be involved in proteolysis of RAGE, the effects
of various protease inhibitors were analyzed. The protease inhibitors used in the experiments are

listed in Table 8.

Table 8. Protease inhibitors, inhibition profile and experimental concentration

Name Specificity Concentration
E-64 Cysteine Proteases 1.4 uM
DL-Thiorphan Neprilysin 1 mM

Pepstatin Aspartic Proteases 1.4 uM
Pefabloc SC Serine Proteases 1 mM

RAGE-FlIp-In 293 cells were preincubated with growth medium containing indicated inhibitors
for 30 min and then the medium was change to secretion medium containing indicated
concentration of different inhibitors. After 1.5 hours secretion medium was collected. The amount
of secreted RAGE was measured by Western blot analysis with the mouse anti-RAGE N-terminal
antibody (Figure 14 A-D). None of the inhibitors employed here had significant inhibitory effect
on constitutive and PMA-stimulated cleavage of RAGE. Correspondingly, proteases inhibited by
these inhibitors were excluded to be responsible for shedding of RAGE. These proteases include

aspartic proteases, cysteine proteases, serine proteases and neprilysin.

57



Results

Secreted RAGE e L0 S

Pefabloc - +

- +
PAAA

Secreted RAGE =

E64 - +
PMA - +

Secreted RAGE ( % of control)

58

Secreted RAGE ( % of control)

[ 1 Pefabloc
[ Control

DMSO

PMA

160 - \
140 |
120 -

100 - = T

80 -
60 -
40 -
20 -

[ ] E64
[ Control

DMSO

PMA

180 4 ‘
160 -
140 -
120 -
100 - T

80 T
60
40
20




Results

C
1 Pepstatin
1 Control
DMSO PMA
180 - - |
g 160 - ] T
§ 140 -
S 120
S [
- — 100 -
Secreted RAGE o — 2 g0
Pepstatin - + - + § 60 -
PMA - - + + B
o 40
g
@ 20
0
D [ ] Thiorphan
1 control
120 -

-
o
o
L
—

<]
o
L

Secreted RAGE M

Thiorphan -

B
o
!

N
o
L

Secreted RAGE ( % of control)
o
o

o

Figure 14. Proteolysis of RAGE is unaffected by several protease inhibitors.

RAGE-FIp-In 293 cells were preincubated with growth medium containing indicated inhibitors for
30 min and then treated with secretion medium containing indicated inhibitors for 90 min at 37°C.
Secretion medium was analyzed by immunoblotting with the anti-RAGE N-terminal antibody. (A) 1
mM Pefabloc with or without PMA (1 uM). (B) 1.4 uM E64 with or without PMA (1 uM). (C) 1.4
uM Pepstatin with or without PMA. (D) 1 mM DL-Thiorphan. Graphic representations of density
evaluation from immunoblotting presented here are shown in the right. The experiments were
performed in triplicates for 3 times. The mean effect + SD were shown here and analyzed by
unpaired student’s t-Test. All inhibitors presented here showed no effect on cleavage of RAGE.
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4.5 Shedding of RAGE is inhibited by metalloproteinase inhibitors

The majority of the shedding events are mediated by metalloproteinase including MMPs and
ADAMs. Hydroxamic acid-based inhibitors, which bind the essential zinc ion at the active site of
the protease, were originally designed as inhibitors of zinc-dependent matrix metalloproteinase.
In addition, these inhibitors have been shown to inhibit protein ectodomain shedding of several
different types of membrane proteins such as pro-EGF (Le Gall et al. 2003), pro-TGF-a. (Arribas
and Massague 1995), betacellulin (Sanderson et al. 2005), Fas ligand (Ethell et al. 2002), ACE2
(Lambert et al. 2005), and APP (Arribas et al. 1996; Parkin et al. 2002).

In order to identify which protease is involved in the cleavage of RAGE, the effects of three
different hydroxamic acid-based metalloproteinase inhibitors were investigated as described in
“Materials and Methods”. The amount of SRAGE in secretion medium was measured by western
blot analysis. As shown in Figures 15-17, all three inhibitors GM6001, GW280264X, and
GI254023X exhibited strong inhibitory effects on constitutive and stimulated shedding of RAGE

without obvious differences among the three inhibitors at a concentration of 10 uM.
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Figure 15. Shedding ot KAGE 1nhibited by the metalloproteinase ihibitor G1254023X.

(A) myc-RAGE/V5/His-Flp-In-293 cells were preincubated with 10 uM GI254023X or control solvent
DMSO at 37°C for 30 min, then the medium was changed to secretion medium containing fresh 10 uM
GI254023X alone or together with PMA (1 uM) or control solvent. Subsequently the samples were
incubated at 37°C for 1.5 hour and then the release of secreted RAGE was detected by western blot analysis
with the mouse anti-myc antibody (9E10). (B) Graphic representation of density evaluation from
immunoblotting shown in (A). The experiments were performed in triplicates for 3 times. The mean effect
+ SD were shown here and analyzed by unpaired student’s t-Test: * p < 0.05, ** p < 0.01.
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Figure 16. Shedding ot KAGE mhibited by the metalloproteinase inhibitor G w230264X.

(A) myc-RAGE/V5/His-Flp-In-293 cells were preincubated with 10 uM GW280264X or
control solvent DMSO at 37°C for 30 min, then the medium was changed to secretion medium
containing fresh 10 uM GW280264X alone or together with PMA (1 uM) or control solvent.
Subsequently the samples were incubated at 37°C for 1.5 hour and then the release of SRAGE
was detected by western blot analysis with the mouse anti-myc antibody (9E10). (B) Graphic
representation of density evaluation from immunoblotting shown in (A). The experiments were
performed in triplicates for 3 times. The mean effect + SD were shown here and analyzed by
unpaired student’s t-Test: * p < 0.05, ** p < 0.01.
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Figure 17. Shedding of RAGE inhibited by the metalloproteinase inhibitor GM6001.

(A) myc-RAGE/V5/His-Flp-In-293 cells were preincubated with 10 uM GM6001 or control solvent
DMSO at 37°C for 30 min, then the medium was changed to secretion medium containing fresh 10 uM
GM6001 alone or together with PMA or control solvent. Subsequently the samples were incubated at 37°C
for 1.5 hours and then the release of SRAGE was detected by western blot analysis with the mouse
anti-myc antibody (9E10). (B) Graphic representation of density evaluation from immunoblotting shown
in (A) . The experiments were performed in triplicates for 3 times. The mean effect + SD were shown
here and analyzed by unpaired student’s t-Test: * p < 0.01, ** p < 0.05. (C) myc-RAGE/V5/His-Flp-In 293
cells were preincubated with 50 uM GM6001 or control solvent DMSO at 37°C for 30 min, then the
medium was changed to secretion medium containing fresh 50 uM GM6001 alone or together with 142
UM APMA or control solvent. Subsequently the samples were incubated at 37°C for 1.5 hours and then the
release of SRAGE in secretion medium was detected by western blot analysis with the mouse anti-myc
antibody (9E10). (D) Graphic representation of density evaluation from immunoblotting shown in (C). The
experiments were performed in triplicates for 3 times. The mean effect + SD were shown here and
analyzed by unpaired student’s t-Test: * p < 0.05, ** p < 0.001.

shown 1n Figure 1/C, at higher concentration, GM6UU1 (50 uM) completely mhibited the release
of RAGE into the secretion medium, and furthermore, APMA-stimulated shedding of RAGE was
almost completely inhibited.

Among the tested inhibitors, GM6001 inhibits a broad spectrum of MMPs as well as ADAMs,
while GW280264X and GI254023X differ in their ability to inhibit TACE and ADAMIO0.
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GW280264X blocks both TACE and ADAMI10, whereas GI2254023X has potent ADAMI10
inhibitory activity with minimal activity on TACE. In addition to TACE and ADAMIO,
GW280264X and GI254023X also have potent inhibitory effect on other MMPs such as MMP1,
MMP3, MMP9 and MMP13. The IC50 values (Table 9) for GW280264X and GI2254023X were
recently tested (Ludwig et al. 2005).

Table 9. IC50 values of two metalloproteinase inhibitors for recombinant metalloproteinases

Compound MMP1 MMP3 MMP9 MMP13 ADAMI10 ADAM17
GW280264X  94* 17 10 4 12 8
GI2254023X 108 187 2.5 1.1 5.3 541

* The inhibitor concentration required for half maximal inhibition was calculated from the inhibition

kinetics and are given in nM. (Adapted from Ludwig et al., 2005)

The above data provide strong evidence that the cleavage of RAGE is mediated by
metalloproteinase. However, as all three inhibitors used here have similar inhibition effect on
shedding of RAGE, it remains to be determined which metalloproteinases mediate the cleavage of

RAGE.

4.6 ADAM10 and ADAM17 are not essential for constitutive or stimulated

shedding of RAGE

Two related ADAMs termed ADAM10 and ADAMI17 have been implicated in a number of
shedding events. ADAM17 (also known as TACE) was the first protease shown to be responsible
for shedding of pro-TNF-a (Black et al. 1997). Furthermore, numerous reports indicated that
ADAM17 is a common protease required for the shedding of many more proteins (Moss and
Lambert 2002; Zheng et al. 2004). ADAM10 shares higher homology in the catalytic domain to
ADAM17 than to any other protease of the ADAM family. ADAMI10 was first to be confirmed as
a-secretase of APP (Lammich et al. 1999). Later on, several other membrane proteins were found
to be cleaved by ADAMI0 (Schafer et al. 2004; Gough et al. 2004; Yan et al. 2002; Matthews et
al. 2003).

To determine whether ADAM10 or ADAMI17 is involved in shedding of RAGE, a gain of
function approach was used to examine whether overexpression of either ADAM10 or ADAM17
leads to increased shedding of RAGE. To this end, COS-7 cells were transiently co-transfected
with pcDNA6-myc-RAGE-V5/His and HA-tagged ADAM10 or ADAM17 expression vectors. 48

hours after transfection, cells were incubated with secretion medium containing DMSO or PMA
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at 37°C for indicated periods (See Figures 18-19). The amount of secreted RAGE in secretion
medium was detected by western blot analysis with the anti-myc antibody. The expression of
ADAMs was analyzed in cell lysates with an anti-HA antibody respectively (refer to “Materials
and Methods”).
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(A) COS-7 cells were transiently co-transfected with RAGE and ADAMI10 or dominant negative
ADAM10 (ADAMI10-DN) expression vectors. 48 hours post-transfection, cells were incubated with
secretion medium for 4 hours or with secretion medium containing 1 uM PMA for 2 hours. Proteins
in secretion medium were precipitated with 10% TCA and cells were harvested as described in
Materials and Methods. Secreted RAGE in secretion medium was detected by western blotting
with the mouse anti-myc antibody (9E10). The expression of ADAM10 and ADAMI10-DN was
detected in cell lysates with an anti-HA antibody. (B) Graphic representation of density evaluation
from such experiments presented in (A). The experiments were performed in triplicates for 3 times.
The mean effect + SD were shown here and analyzed by unpaired student’s t-Test: * P>0.05
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Figure 19. Shedding of RAGE is unaffected by ADAM17.

COS-7 cells were transiently co-transfected with RAGE and ADAMI17 or putative dominant
negative ADAMI17 (ADAMI17-DN) expression vectors. 48 hours post-transfection, cells were
incubated with secretion medium for 4 hours or with secretion medium containing 1 pM PMA for 2
hours. (A) Proteins in secretion medium were precipitated with 10% TCA and cells were harvested
as described in Materials and Methods. Secreted RAGE in secretion medium was detected by
western blotting with the mouse anti-myc antibody (9E10). The expression of ADAMI17 and
ADAMI17-DN was detected in cell lysates with anti-HA antibody. (B) Graphic representation of
density evaluation from such experiments presented in (A). The experiments were performed in
triplicates for 3 times. The mean effect + SD were shown here and analyzed by unpaired student’s
t-Test: * P >0.05
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difference in the amount of secreted RAGE derived from constitutive shedding or PMA

stimulated shedding in secretion medium from cells overexpressing both RAGE and ADAMI10

compared to that of cells overexpressing only RAGE was observed. Similarly, ADAM17 was

expressed (Figure 19) and also had no observable effects on the amount of secreted RAGE
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derived from either constitutive shedding or PMA stimulated shedding. Based on these data, it is
likely to conclude that neither ADAMI10 nor ADAMI17 have any effects on constitutive and
stimulated shedding of RAGE.

To further confirm this conclusion, dominant negative (DN) mutants of ADAMI10 or ADAM17
were used to block endogenous ADAM10 or ADAM17 activity. If ADAM10 or ADAM17 indeed
is involved in shedding of RAGE, then their dominant negative mutants should inhibit shedding
of RAGE. Therefore, COS-7 cells were transiently co-transfected  with
pcDNA6-myc-RAGE-V5/His and ADAM10-DN (catalytically inactive by mutation of its 384th
residue from Glu to Ala) or ADAMI17-DN (catalytically inactive by mutation of its 406th residue
from Glu to Ala) expression vectors. 48 hours after transfection, cells were incubated with
secretion medium containing DMSO or PMA at 37° C for indicated periods. The amount of

secreted RAGE in secretion medium was detected by western blot with anti-myc antibody.

ADAMI10-DN and ADAMI17-DN had no detectable effects on the amount of secreted RAGE
derived from constitutive and PMA stimulated shedding. Thus neither ADAMI10-DN nor
ADAM17-DN has an effect on shedding of RAGE. However, the ADAM17-DN mutant does not
act in a dominant negative way on shedding of APP (personal information from Kristina Endres).
Therefore the results obtained with ADAM17-DN and RAGE have to be considered with caution.
In the case of ADAMIO a specific knockdown of ADAMI10 with siRNA had no effect on
shedding of RAGE (see results part 4.8.3.2, Figure 26.)

Taken together, the results from two complementary experimental approaches strongly support
the argument that ADAMI10 and ADAMI17 are not essential for constitutive or stimulated
shedding of RAGE.
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4.7 Overexpression of MT1-MMP does not affect constitutive and stimulated
shedding of RAGE

Membrane-type metalloproteinase, MTI-MMP (also known as MMP14) is responsible for
cleavage of several transmembrane proteins such as CD44 (Kajita et al. 2001), TRANCE
(Schlondorff et al. 2001), TGF-p (Karsdal et al. 2002; Mu et al. 2002), syndecan-1(Endo et al.
2003). Most recently, MT1-MMP was reported to mediate shedding of MUCI, a transmembrane
mucin (Thathiah and Carson 2004). To address whether MT1-MMP plays a role in cleavage of
RAGE, COS-7 cells were transiently co-transfected with pcDNA6-RAGE/V5/His and a vector
encoding HA-tagged MT1-MMP. 48 hours after transfection, cells were incubated with secretion
medium containing 1 uM PMA for 2 hours or an equal volume of DMSO for 4 hours at 37° C.
Secreted RAGE was detected by western blot analysis with the anti-RAGE N-terminal antibody
and the expression of MT1-MMP was analyzed in cell lysates with an anti-HA antibody.
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Figure 20. Overexpression of MT1-MMP does not influence shedding of RAGE.

COS-7 cells were transiently co-transfected with expression vectors encoding RAGE and
MT1-MMP. 48 hours post-transfection, cells were incubated with secretion medium for 4 hours or
with 1 uM PMA for 2 hours. (A) Proteins in secretion medium were precipitated with 10% TCA,
and then separated by SDS-PAGE. Subsequently, western blot analysis for detection of secreted
RAGE with the anti-RAGE N-terminal antibody was performed. (B) Cells were harvested and
lysed. Expression of MT1-MMP was detected in cell lysates with an anti-HA antibody.

As shown 1n rigure ZU, the data gave no evidence that overexpresson or M1 1-MIMFE has an

impact on constitutive and PMA stimulated shedding of RAGE.
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4.8 Shedding of RAGE by MMP9

Having excluded ADAM10, ADAM17 and MT1-MMP as metalloproteinases responsible for
shedding of RAGE, other metalloproteinase candidates were considered. Recent evidence
indicated that soluble RAGE purified from mouse lung may be generated as the result of protein
cleavage instead of mRNA splicing (Hanford et al. 2004). In this line, it is interesting to note that
MMPO9 has been suggested to cause murine pulmonary epithelial cells to shed RAGE into the
culture medium (Devaux et al. 2004). Therefore, it was investigated whether human MMP9 is
indeed involved in cleavage of human RAGE. To achieve this, suitable cell models for MMP9
expression were established and furthermore, methods to assess the activity of expressed MMP9

were optimized.

4.8.1 MMP9 zymography assay

COS cells serve as an ideal model to study MMPs because these cells constitutively express only
small amounts of endogenous MMPs while express high level of proteins in response to
transfection with cDNAs (Cao et al. 2005). To assess if MMP9 is a specific metalloproteinase
responsible for the shedding of human RAGE, firstly a COS-7 cell line stably overexpressing
human MMP9 was established (designated as MMP9-COS cells). To this end, COS-7 cells were
transfected with plasmid pIRESneo2-hMMP9 and subsequently selected by G418 to get a stable
cell line overexpressing human MMP9 (see “Materials and Methods). The MMP9-COS cells
were grown to 90% confluence and then the growth medium was replaced by secretion medium
followed by incubation for 18 hours at 37° C. At the end of incubation, secretion medium was
collected and centrifuged to sediment the cell debris. MMP9 expression as well as activity in
secretion medium was analyzed by gelatine zymography as described in “Materials and Methods”.
After staining the gel with Coomassie Brilliant Blue R250, clear areas represent gelatinase
acitivity of MMP9 (Figure 21 lanes 1, 3-6). In addition, the shedding activators PMA (Figure 21
lanes 3-4) and APMA (Figure 21 lanes 5-6) were tested for their possible effects on expression
and/or activity of MMP9 with similar methods.
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92kD

Figure 21. Expression and activity of human MMP?9 in secretion medium from COS-7 cells.

Lane 1-2: Secretion medium from MMP9-COS cells was tested by gelatine zymography assay. COS-7 cells
stably transfected with control vector pIRESneo2 were used as negative control. Lane 3-4: MMP9-COS cells
and control cells were incubated with secretion medium containing 1 uM PMA for 18 hours. Secretion medium
was collected and subjected to gelatine zymography assay. Lane 5-6: MMP9-COS cells were incubated
with secretion medium for 18 hours. Then APMA to a final concentration of 142 uM or a same volume of
DMSO was added and incubated for another 30 min. Secretion medium was collected and subjected to the
gelatine zymography assay.

As expected, a 92 kDa clear band was revealed in MMP9-COS cells (Figure 21 lane 1). In
contrast, there was no detectable MMP9 activity in control COS-7 cells (Figure 21 lane 2). Under
unstimulated conditions, secretion medium from MMP9-COS cells had higher gelatinase activity
compared to control COS-7 cells which had nearly no gelatinase activity (compare Figure 21 lane
1 to lane 2). Importantly, under PMA stimulation, the MMP9 gelatinase activity could be
observed even in control COS-7 cells and was significantly increased in MMP9-COS cells

(Figure 21 Lanes 3-4).

How can PMA increase endogenous MMP9 activity? Up to now, several mechanisms have been
postulated on the regulation of MMP9 activity: (1) MMP9 gene transcription; (2) MMP9
proenzyme activation and (3) inhibition by endogenous inhibitor such as tissue inhibitors of
metalloproteinase (TIMPs) (Chakraborti et al. 2003). Inducers of MMP9 gene transcription range
from oncogenic proteins, cytokines, mitogens to phorbol esters (Woo et al. 2005). Indeed, it has
been reported that PMA can trigger two independent signaling pathways in endothelial cells
leading to MMP9 expression, one being the PKC/Raf/MEK/ERK cascade, and the other
involving Ras but not ending in ERK activation (Genersch et al. 2000). So it is likely that PMA
induces MMP9 mRNA transcription resulting in an increase of MMP9 activity as observed here.

Moreover, APMA increased gelatinase activity of secretion medium from MMP9-COS cells
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(Figure 21 lanes 5-6). APMA causes the cysteine of the MMP9 prodomain to become dissociated
from the zinc ion of the catalytic core; consequently, the proteinase undergoes autocatalytic
cleavage resulting in activation of the enzyme. This is called as “cysteine switch” mechanism for
activation (Springman et al. 1990). Therefore the “cysteine switch” mechanism may explain the

observation that APMA increases MMP9 activity.

4.8.2 Enhancement of shedding of RAGE via overexpression of MMP9

To further examine the involvement of MMP9 in RAGE shedding, COS-7 cells were transiently
co-transfected with MMP9 and wild-type RAGE expression plasmids. Successful overexpression
of MMP9 was confirmed by the gelatine zymography assay with secretion medium from MMP9
overexpressing cells. 48 hours after transfection, cells were treated with secretion medium with or
without PMA for indicated periods (See Figure 22). Then secretion medium and cells were
collected and secretion medium was subjected to 10% TCA precipitation followed by 10%
SDS-PAGE. Analysis of secreted RAGE in secretion medium by western blot analysis with
anti-RAGE N-terminal antibody revealed that overexpression of MMPY increased constitutive
and PMA simulated shedding of RAGE compared to mock transfected cells (Figure 22A left). All
overexpression experiments were repeated at least 3 times and each time in triplicate. A
representative result is shown here. Obviously, overexpression of MMP9 could increase secreted
RAGE levels in secretion medium compare to mock transfected cells. Furthermore, the increased
shedding of RAGE corresponded well with the increased activity of MMP9 in secretion medium
as revealed by gelatine zymography (Figure 22B). Cell lysates were also analyzed to confirm that
overexpression of MMP9 had no effect on expression levels of full-length RAGE (Figure 22A
right).

In additional experiments, myc-RAGE/V5/His-COS cells were treated with conditioned medium
(CM) collected from stable MMP9-COS cells in the presence or absence of PMA (1 uM) as
described in “Materials and Methods”, and then secreted RAGE in secretion medium from
myc-RAGE/V5/His-COS-7 cells was analyzed. As expected, compared with CM from
pIRESneo2-COS cells (negative control), CM from MMP9-COS cells increased secretion of
secreted RAGE from myc-RAGE/V5/His-COS-7 cells (Figure 22C). Taken together, these results
clearly show that MMP9 increases both constitutive and PMA-stimulated shedding of RAGE.
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transiently co-transfected with expression vectors encoding RAGE and MMP9. 48 hours
post-transfection, cells were incubated with secreted medium containing 1 uM PMA or an equal volume
of DMSO for 4 hours. Proteins in secretion medium were precipitated with 10% TCA and cells were
harvested as described in Materials and Methods. Proteins in secretion medium or cell lysates were
separated by SDS-PAGE and followed by western blot analysis for detection of secreted RAGE or
full-length RAGE.

MMP9 activity in secretion medium from COS-7 cells transiently co-transfected with expression vectors
encoding RAGE and MMP9. 48 hours post-transfection, cells were incubated with secretion medium for
18 hours and then 1 uM PMA or an equal volume of DMSO was added and incubated for further 4 hours.
Secretion medium was then collected for gelatine—substrate zymography.

myc-RAGE-COS-7 cells were treated with conditioned medium collected from stable MMP9-COS cells
or pIRESneo?2 transfected COS-7 cells in the presence or absent of PMA. Proteins in secretion medium
were precipitated with 10% TCA followed by western blot analysis for detection of secreted RAGE.
Graphic representation of density evaluation from immunoblotting presented in (C). The experiments
were performed in triplicates for 3 times. The mean effect + SD were shown here and analyzed by
unpaired student’s t-Test: * p < 0.05, ** p < 0.01.
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4.8.3 Knockdown of MMP9 expression by RNAi reduces constitutive and
PMA -stimulated shedding of RAGE

RNA interference (RNAI) is a sequence-specific, post-transcriptional gene silencing (PTGS)
process, which is mediated by double-stranded RNA (dsRNA) that is homologous in sequence to
the silenced gene (Hannon 2002). The small interfering RNAs (siRNAs) mediated RNAi pathway
is demonstrated in Figure 17. RNAI is triggered by the RNase III like nuclease Dicer, which
promotes the cleavage of long dsRNAs into 21-23-bp small interfering RNAs (siRNAs).
Subsequently, the siRNAs are incorporated into an RNA-induced silencing complex (RISC), then
the active complex recognizes and destroys the target mRNA, thereby selectively inhibiting the
expression of the target gene (Hammond et al. 2001). Recently, it has been demonstrated that
short synthetic sequence-specific siRNAs can also mediate efficient gene silencing in mammalian
cells without evoking non-specific effects (Elbashir er al. 2001). Thus RNAI represents a
powerful tool to directly evaluate the effects of a loss of function of specific genes in

mammalian cells.
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Figure 23. Scheme of the RNAi Pathway.

First, the dsRNA is degraded by a highly conserved cellular RNAse named Dicer into small oligoribonucleotides with
a length of about 21-23 bp, including 2-nucleotide long 3'-overhangs. This type of small dsRNA is called small
interfering RNA or siRNA. In a second step, siRNA binds to a multimolecular protein complex consisting of several
proteins named RISC (RNA Induced Silencing Complex). The double-stranded siRNA molecule is unwound resulting
in a ribonucleoprotein particle consisting of the RISC proteins and one siRNA strand. If a mRNA with a sequence
complementary to the siRNA moiety is encountered by this complex, the mRNA is cleaved by an RNAse named Slicer
and thereby rendered inactive (Adapted from https://www.roche-applied-science.com).
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with RNAI to suppress expression of MMP9 in myc-RAGE/V 5/His-Flp-In 293 cells was
employed and the impact on shedding of RAGE was evaluated.

4.8.3.1 Efficient suppression of MMP9 expression in MMP9-COS-7 cells as well as in
myc-RAGE-Flp-In 293 cells by a RNAi strategy

So called “Stealth RNAi” (Invitrogen) which represents modified synthetic RNA duplex with
high knockdown specificity and efficacy as well as enhanced long term stability were chosen for
the experiment. The siRNA sequence targeting human MMP9 used here had no homology with
other members of the MMP family. To examine their ability to suppress MMP9, Stealth RNAi
was first tested on MMP9-COS cell. An uneffective siRNA sequence was used as negative
control. MMP9-COS cells were transfected with 20 pmol Stealth RNAi per well in a 24-well
plate (refer to “Material and Methods”). 48 hours post-transfection, growth medium was changed
to secretion medium containing 1 uM PMA or an equal volume of DMSO and incubated
overnight. Zymography analysis of secretion medium from cells transfected with MMP9 specific
Stealth RNAI revealed barely constitutive gelatinase B activity at 92 kDa compared to control
transfected cells (Figure 24A left). Moreover, the MMP9 specific Stealth RNAi also displayed a
high knockdown efficiency on PMA-simulated MMP9 activity (Figure 24 A right).
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Figure 24. Activity of human MMP?9 inhibited by MMP9 Stealth RNA..

(A) MMP9-COS cells; (B) Myc-RAGE/V5/His-Flp-In 293 cells were transfected with
MMP?9 stealth RNAi or control RNAi. 48 hours post-transfection, the medium was replaced
by secretion medium containing 1 uM PMA or an equal amount of DMSO. Secretion
medium was collected after incubation for 18 hours and subjected to gelatine zymography

assay.
Next, 1t was tested whether myc-RAULE/ V 3/HIS-FIp-1n 2Y 5 CElls have constitutive MIMEY 9 activity

and whether MMP?9 stealth RNALI is able to deplete MMP9 in these cells. Zymography analysis
showed that there was a low level of constitutive MMP9 activity in myc-RAGE/V 5/His-Flp-In
293 cells and similar to MMP9-COS cells, MMP?9 stealth RNAi successfully suppressed
constitutive MMP9 activity in Myc-RAGE/V 5/His-Flp-In 293 cells (Figure 24B). Together, these
findings indicated that MMPO stealth RN AL efficiently inhibits MMP9 activity via suppressing
MMPO9 gene expression.

4.8.3.2 MMP?9 silencing severely reduces shedding of RAGE

To further characterize the consequence of MMP9 gene silencing on shedding of RAGE,
Myc-RAGE/V5/His-Flp-In 293 cells were transfected with MMP9 stealth RNAi. 48 hours
post-transfection, cells were incubated in secretion medium containing 1 uM PMA or an equal
volume of DMSO for 2 hours. Then secretion medium and cells were collected and secreted
RAGE was analyzed by western blot analysis with the anti-myc antibody. Compared to control
oligonucleotides, MMP?9 specific stealth RNAi reduced constitutive and PMA simulated shedding
of RAGE significantly (Figure 25).
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Figure 25. Shedding of RAGE decreased by MMP9 knockdown.

(A) myc-RAGE/V5/His-Flp-In 293 cells (50% confluent) were transfected with MMP9 stealth RNAi oligos or a
negative control sequence. 48 hours post-transfection, the medium was replaced by secretion medium containing
1 uM PMA or an equal amount of DMSO and incubated for 2 hours. After incubation, SM was analyzed by
western blotting with the mouse anti-myc antibody for detection of secreted RAGE. (B) Graphic representation
of density evaluation from immunoblotting shown in (A). The experiments were performed in triplicates for 3

times.

The mean effect + SD were shown here and analyzed by unpaired student’s t-Test: * p < 0.001.

In another separate experiment, myc-RAGE/V5/His-Flp-In 293 cells were transfected either with
MMPO stealth RNAi or ADAMI10 stealth RNAi as well as a negative control sequence. 48 hours

post-transfection, the cells were incubated with secretion medium for 4 hours. Then secretion

medium and cells were collected and SRAGE in secretion medium was analyzed by western blot

analysis with the anti-RAGE N-terminal antibody. Compared to control oligonucleotides, MMP9

specific stealth RNAI significantly reduced the amount of secreted RAGE in secretion medium
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(Figure 26B Lane 3), while the ADAMI10 specific RNAi had no influence on shedding of RAGE
(Figure 26B Lane 1). As described in Material and Methods, the cells were subjected to a
membrane protein preparation, and after performing protein quantification same amounts of
membrane proteins were analyzed by western blotting with an anti-ADAM10 antibody to confirm

the efficiency of ADAMI0 gene silencing (as shown in Figure 26A).
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Figure 26. Shedding of RAGE is decreased by MMP9 but not ADAM10 knockdown.

Myc-RAGE/V5/His-Flp-In 293 cells (50% confluence) were transfected with MMP9 or ADAMI10
stealth RNAIi oligos or a negative control sequence. 48 hours post-transfection, the medium was
replaced with secretion medium and incubated for 4 hours. (A) The same amount of protein from
membrane preparation was analyzed to confirm the efficiency of ADAMI0 gene silencing. (B)
Secretion medium was analyzed by western blot analysis for detection of SRAGE.

Taken together, the results evidently demonstrate the special requirement for MMP9 but not

ADAMI10 in shedding of RAGE.

77



Results

4.9 The cytoplasmic domain of RAGE is not essential for constitutive and

PMA stimulated shedding of RAGE

The cytoplasmic domains of transmembrane receptors play important roles in signal transduction
(Vinogradova et al. 2002; Urena et al. 1999). In addition, cytoplasmic domains have been shown
to play a role in ectodomain shedding of various transmembrane proteins such as ectoenzymes,
adhesion molecules and receptors. For instance, Arg747 in the cytoplasmic domain of APP is
essential for a-secretase cleavage of the ectodomain (Tomita et al. 1998). Deletion of the
cytoplasmic domain increases basal shedding of angiotensin-converting enzyme (Chubb et al.
2004). Nevertheless, in other cases, deletion or modification of the cytoplasmic domain has no

effects on ectodomain shedding (Brakebusch ef al. 1994; Gutwein et al. 2000).

4.9.1 Deletion of cytoplasmic domain does not abrogate ectodomain shedding of RAGE

In order to investigate whether the cytoplasmic domain of RAGE is necessary for shedding of its
ectodomain, the cytoplasmic domain (367-404 amino acids) deletion mutant pcDNA6-RAGE-AC
was constructed. Construct pcDNA6 -RAGE-AC was transfected into Flp-In 293 cells to establish
a stable cell line expressing RAGE-AC. RAGE-AC-Flp-In 293 cells were incubated in secretion
medium containing 1 uM PMA or an equal amount of DMSO for 2 hours, and secreted RAGE in
secretion medium was determined by immunoblotting with the anti-RAGE N-terminal antibody.
As shown in Figure 27, deletion of cytoplasmic domain of RAGE did not abrogate the release of
the ectodomain of RAGE in both constitutive and PMA stimulated conditions. The expression of
RAGE-AC was confirmed in cell lysates from RAGE-AC-Flp-In 293 cells. Western blot analysis
using the anti-RAGE N-terminal antibody showed a clear band of about 50 kDa representing
RAGE-AC, which is smaller than full-length RAGE as expected.

Secreted RAGE released from RAGE-AC-Flp-In 293 cells had a molecular weight of
approximately 48 kDa, which is the same size as fully glycoylated secreted RAGE relased from
RAGE-Flp-In 293 cells. Therefore, it is most likely that the cleavage occurs at the same site in
both RAGE and RAGE-AC. Furthermore, the data indicated that the cytoplasmic domain of
RAGE is not essential for constitutive and PMA stimulated shedding of RAGE. Nevertheless,
whether the cytoplasmic domain of RAGE has any regulatory effects on shedding of RAGE

remains to be elucidated.
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Figure 27. Deletion of its cytoplasmic domain does not abrogate ectodomain shedding of RAGE.

RAGE-AC-Flp-In 293 cells were incubated in secretion medium containing 1 uM PMA or an equal
amount of DMSO for 2 hours. Proteins in secretion medium were precipitated with 10% TCA and
cells were lysed in 2X Laemmli buffer. The cell lysates and the precipitated proteins from secretion
medium were subjected to western blot analysis. RAGE proteins were detected with the mouse
anti-RAGE N-terminal antibody.

In another independent experiment, RAGE-AC-Flp-In 293 cells were incubated in secretion

medium containing 142 uM APMA or an equal amount of DMSO for 15 min, secreted RAGE in
secretion medium were determined by immunoblotting with the anti-RAGE N-terminal antibody.
As shown in Figure 28, after 15 min incubation, there was no detectable secreted RAGE in
secretion medium under constitutive condition, whereas APMA strongly enhanced shedding of
RAGE-AC. These results provide further support for the conclusion that the cytoplasmic domain
of RAGE is not essential for shedding of RAGE.
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Figure 28. Deletion of its cytoplasmic domain does not abrogate APMA -stimulated shedding of
RAGE.

RAGE-AC-Flp-In 293 cells were incubated in secretion medium containing 142 uM APMA or
an equal amount of DMSO for 15 min. Proteins in secretion medium were precipitated with 10%
TCA and subjected to western blot analysis. Secreted RAGE was detected with the mouse
anti-RAGE N-terminal antibody.

4.9.2 RAGE deleted of its cytoplasmic domain is membrane-anchored and proteolysed
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at the cell surface

The cytoplasmic domain of some transmembrane proteins is essential for protein trafficking and
maturation (Urena ef al. 1999), thus truncation of cytoplasmic domains probably severely impairs
the transport of proteins to the cell surface and subsequently impairs ectodomain shedding. So it
is possible that the RAGE-AC protein expressed in RAGE-AC-Flp-In 293 cells is incorrectly
folded and not transported to the plasma membrane. Due to the lack of the cytoplasmic domain it
may be processed by the proteasome to yield protein fragments with similar size to secreted
RAGE, which is then released to the medium by some unknown mechanisms like cell death or
leakage. To exclude this possibility and prove whether secreted RAGE as detected above is
derived from ectodomain shedding of membrane-bound RAGE-AC, cell surface biotinylation
experiments were performed to demonstrate that the expressed RAGE-AC protein is cell
membrane-anchored.

RAGE-AC-Flp-In 293 cells were washed carefully twice with PBS and then incubated with 5 mM
of the Sulfo-NHS-Biotin reagent at room temperature for 30 min. Then cells were washed with
TBS to stop the biotinylation. After washing, cells were incubated in secretion medium
containing either 1 pM PMA, or 142 uM APMA or equal amounts of DMSO for indicated
periods (See Figure 29). Secretion medium and cells were collected respectively and the
biotinylated proteins were isolated with steptavidin-agarose beads. Biotinylated proteins in
secretion medium and cell lysates were analyzed by western blotting with the anti-RAGE
N-terminal antibody. Biotinylation experiments showed that both RAGE-AC in cell lysates and

secreted RAGE in secretion medium were biotinylated (Figure 29).

A B
& & & ¢ & & & g

Secreted RAGE . s wmm R - - W CounaRAGE

Secretion medium Cell lysates

Figure 29. RAGE-AC is present and cleaved at the cell surface.

RAGE-AC-Flp-In 293 cells were washed twice with PBS and then incubated with 5 mM Sulfo-NHS-Biotin
reagents at room temperature for 30 min. Then cells were washed with TBS to stop the biotinylation. After
washing, cells were incubated with secretion medium containing either 1 uM PMA, or an equal amount of
DMSO for 2 hours or 142 uM APMA for 15 min. Secretion medium and cells were collected respectively
and the biotinylated proteins were isolated with steptavidin-agarose beads. Biotinylated proteins in
secretion medium (A) and cell lysates (B) were analyzed by western blotting with the anti-RAGE
N-terminal antibody. Neg: negative control in which the secretion medium was not incubated on cells.
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Therefore, the results demonstrate that the RAGE-AC receptor is located on the plasma
membrane and suggest that delivery of RAGE to the plasma membrane is independent of its
cytoplasmic domain. Furthermore, secreted RAGE is released from the cell surface by proteolysis
of RAGE-AC. In summary, the biotinylation experiment proved that shedding of RAGE is

independent of its cytoplasmic domain.

4.10 Analysis of the RAGE cleavage site

Recently, an unbiased phage display strategy was applied to define the substrate recognition
specificity of MMP9 (Kridel ef al. 2001) and it was found that the most prevalent motif contains
the sequence Pro-X-X-Hy-(Ser/Thr) ( here X represent any residue, and Hy is a hydrophobic
residue). A sequence consistent with this motif, P-T-A-G-S, is present in the proximal ectodomain
of RAGE (Figure 30), and there is some evidence that the mouse RAGE protein is proteolytically
processed within this region (Hanford et al. 2004). Since the data provided so far indicate that
MMP9 mediates shedding of RAGE, the sequence P-T-A-G-S may serve as the putative cleavage
site in RAGE. Therefore, a point mutation replacing the proline (328th residue) against glutamic

acid was generated (RAGE-P328E) and analyzed.

wt PTAGS
P328E :ETAGS

EC J{ TH Ic

1 328 343 363 4oh

Figure 30. Schematic representation of the putative cleavage sequence of RAGE and the P328E
mutation.

EC: extracellular domain. TM: transmembrane domain. IC: intracellular domain.
When COS-7 cells were transiently transfected with the RAGE-P328E expression vector,

secreted RAGE released into secretion medium could still be detected in both constitutive and
PMA stimulated conditions (Figure 31A). Furthermore, another mutant where the putative
cleavage sequence PTAGS was replaced by AAGEG (RAGE-APTAGS) was analyzed. This
mutation also did not abrogate shedding of RAGE in COS-7 cells (Figure 31A). After testing
these mutant constructs in Flp-in 293 cells, the same results were obtained (Figure 31B).

Thus the data argue that shedding of RAGE is not sequence specific. In contrast, it is indicated

that a strict sequence specificity may not be required for the shedding machinery of RAGE.
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Figure 31. Mutation or deletion of the P-T-A-G-S motif does not abrogate ectodomain shedding
of RAGE.

COS-7 cells (A) or Flp-in-293 cells (B) were transiently transfected with RAGE-P328E or
RAGE-APTAGS expression vectors. Proteins in secretion medium were precipitated with 10% TCA
and cells were lysed in 2X Laemmli buffer. The cell lysates and the precipitated proteins were
subjected to western blot analysis. The RAGE proteins were detected with the mouse anti-RAGE
N-terminal antibody. P328 E: mutation RAGE-P328E. APTAGS: mutation: RAGEAPTAGS.
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5. Discussion

5.1 Human soluble RAGE is glycosylated and is generated by proteolysis

Soluble isoforms of RAGE have been detected in a variety of human cells and tissues such as
fetal lung (Malherbe et al. 1999), human lymphnode, myometrium, fibroblasts, breast cancer cells
(Schlueter et al. 2003), endothelium cells, pericytes (Yonekura et al. 2003) and brain (Ding and
Keller 2005b). Furthermore, the presence of soluble RAGE has been detected in human plasma.
The plasma levels of soluble RAGE have been reported to be reduced in patients with some
diseases including hypertension (Geroldi et al. 2005), Alzheimer’s disease (Emanuele et al. 2005),
rheumatoid arthritis (Pullerits et al. 2005) and coronary artery disease (Falcone et al. 2005).
Therefore, investigation of mechanisms underlying the generation of soluble RAGE is of
particular importance. To date, many lines of evidence have demonstrated that soluble RAGE is
produced through alternative splicing of the RAGE gene product (Malherbe et al. 1999; Schlueter
et al. 2003; Yonekura et al. 2003; Ding and Keller 2005b). By alternative splicing, the exon that
encodes the transmembrane and cytoplasmic domains of RAGE is excised and the resultant
mRNA is translated into proteins that only retains the ectodomain of RAGE and therefore can be
released to the extracellular space. Nevertheless, up to date, it is unknown whether a soluble

isoform of RAGE can also be released by ectodomain shedding mediated by proteases.

To determine whether soluble RAGE can be generated through ectodomain shedding of the
full-length protein, Flp-In 293 cell lines which overexpress exclusively the human cDNA for
either full-length or epitope tagged RAGE were engineered. Two cellular RAGE forms were
identified in cell lysates. A low molecular mass form (14 kDa) was detected only with the anti-V5
antibody directed against the C-terminus of recombinant RAGE, indicating that it represents the
membrane anchored cytoplasmic remnant fragment generated following ectodomain shedding.
While the high molecular mass cellular RAGE form (48 kDa) could be detected with antibodies
directed either against the C-terminus or the N-terminus. This 48 kDa isoform represents the
full-length transmembrane protein that may undergo shedding to generate the soluble
ectodomains. Accordingly, a soluble form of RAGE was detected in cell culture medium with a
specific anti-N-terminal RAGE antibody. Collectively, the results show for the first time that

soluble RAGE can be released as a consequence of proteolysis.

Generation of soluble forms of cell surface receptors via two diverse pathways including

ectodomain shedding and alternative splicing has been reported. A classic example of such events
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is the generation of soluble growth hormone receptors by proteolytic cleavage in rabbit and
human and by alternative splicing in mouse and rat (Baumbach et al. 1989; Wang et al. 2002).
Other examples include syndecan-4 (Xing et al. 2003) and Granulocyte-macrophage
colony-stimulating factor receptor alpha (Prevost et al. 2002). Previous studies have shown that
human soluble RAGE is derived from alternative splicing of RAGE mRNA. However, the present
study provides evidence that human soluble RAGE can also be derived from ectodomain
shedding, a mechanism completely different from alternative splicing. This observation is
consistent with a recent study indicating that soluble RAGE in mice may be generated as the
result of protein cleavage instead of splicing (Hanford et al. 2004). Whether the circulating
soluble RAGE found in human biological fluids such as serum and cerebral spinal fluid is derived
from mRNA splicing or ectodomain shedding is indistinguishable because specific antibodies are
not available at present. Interestingly, a novel mechanism for secretion of a receptor has recently
been identified for the full-length 55 kDa TNF receptor 1 which is released to extracelluar
compartments in exosome-like vesicles (Hawari et al. 2004). However, in this exosome-mediated
release model, a full-length membrane-bound receptor but not a receptor ectodomain is released.
So it remains unclear whether exosome-like particles may also mediate the release of human
soluble RAGE to extracellular compartment. But from our data based on cells overexpressing

RAGE, it is unlikely since full-length RAGE could not be detected in cell culture medium.

Full-length RAGE has two potential N-linked glycosylation sites, and its alternatively spliced and
secreted isoforms from human lung and brain have additional sites (Neeper et al. 1992; Malherbe
et al. 1999). The two N-linked sites on mature RAGE are within the Ig-like V-domain principally
responsible for ligand-binding (Kislinger et al. 1999). The data obtained in the present study
indicate that via proteolysis secreted soluble RAGE is also N-linked glycosylated, although the
exact glycosylation sites remain to be determined. The fact that soluble RAGE is glycosylated is
consistent with previous observations (Hanford et al. 2004; Srikrishna et al. 2002). The
importance of glycosylation for the ability of RAGE to bind its ligands has been demonstrated
(Srikrishna et al. 2002). It is highly likely that glycosylation is of the same importance for soluble
RAGE to bind its ligand. As full-length as well as shedded RAGE possess the same glycosylation
pattern, ligand binding should be indistinguishable between these two isoforms. Thus, soluble
RAGE produced in a bacterial expression system should be used extremely carefully because the
lack of glycosylation might decrease or prevent ligand binding by sSRAGE and therefore impair
the ability of SRAGE to compete with full-length RAGE for ligand binding.
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In addition, by cell surface protein biotinylation experiments, it was demonstrated that RAGE is
expressed as a full-length receptor at the cell surface of intact Flp-In 293 cells and that secreted
RAGE is also biotinylated. This experiment provides further evidence that RAGE is cleaved at

the cell surface resulting in the release of a soluble form of the RAGE receptor.

Taken together, our data clearly showed that full-length RAGE is properly glycosylated and
targeted to the cell membrane. Furthermore, it is processed at the cell surface by proteolysis by

which its ectodomain is released from the cell.

5.2 Several stimuli can stimulate the release of soluble RAGE

Similar to other shedding events, several lines of evidence presented here suggest that soluble
RAGE is released by proteolysis in both constitutive (under normal cell culture conditions) and
stimulated (under certain stimulated conditions) ways. Furthermore, various stimuli employed

here can stimulate RAGE shedding.

It has been documented that a range of proteins are released from the cell surface after stimulation
with PMA, a potent activator of PKC, by triggering a metalloproteinase-dependent ectodomain
sheddase machinery. This pathway seems to be highly conserved among multiple cell types. PMA
stimulation leads to the rapid cleavage of cell surface RAGE and the release of soluble RAGE
into the cell culture medium. In addition to RAGE, several other proteins known to be shed from
the cell surface display both constitutive and PMA-stimulated shedding, for example APP
(Lammich et al. 1999), LDL-R (low density lipoprotein receptor) (Begg et al. 2004), fractalkine
(Garton et al. 2001) and others. Currently, the mechanism of PMA-stimulated ectodomain
shedding is poorly understood. Although some reports indicated that PMA-stimulated shedding is
PKC-dependent (Hahn et al. 2003; Le Gall er al. 2003), others have controversial results (Racchi
et al. 1999).

APMA has been previously used to activate ectodomain shedding of transmembrane proteins
including TGFa and HB-EGF (Merlos-Suarez et al. 2001), ACE (Allinson et al. 2004) and
ICAM-1 (Tsakadze et al. 2006). The mercurial compound APMA has been extensively used to
activate recombinant MMPs in vitro. These metalloproteinases are synthesized as zymogens in
which an unpaired cysteine residue of the prodomain binds to the active site zinc ion. In vitro
APMA reacts with the free thiol group of the zymogen and stabilizes an active form of the

enzyme that leads to autoproteolytic processing of the propeptide (Birkedal-Hansen 1995).
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Although in the present work the mechanisms by which APMA enhances RAGE shedding was
not addressed, the known ability of APMA to activate the removal of prodomains from
metalloproteinase opens the possibility that prodomains could play a role in the regulation of the

RAGE sheddase in cells.

Ionophore-induced shedding has been observed for TGFa (Pandiella and Massague 1991),
HB-EGF (Dethlefsen et al. 1998), amphiregulin (Brown et al. 2001) and the betacellulin
precursor (Sanderson ef al. 2005). The calcium ionophore A23187 increased RAGE shedding
within 1.5 hours of treatment and more significantly after 4 hours treatment of RAGE expressing
cells. Therefore, A23187 activated RAGE shedding might be dependent on extracellular calcium
levels. Calcium ionophors can activate a range of cell signaling pathways including PKC (Eguchi
et al. 1998; Franklin et al. 2000), which may lead to activation of metalloproteinases. However, at
present, possible pathways downstream of A23187 and their role in metalloproteinase activation

and RAGE shedding are poorly understood.

In conclusion, shedding of RAGE occurs constitutively and can be stimulated by several known
molecules that activate ectodomain shedding, thus providing further support that SRAGE we

observed in secretion medium is generated by ectodomain shedding.

5.3 RAGE shedding seems to be PKC and MAPK independent

The release of a large number of secreted proteins derived from integral plasma membrane
proteins is enhanced by treatment of cells with phorbol esters such as PMA, presumably through
activating PKC, indicating common mechanisms. PKC is a cytoplasmic protein that becomes
membrane associated after activation and rapidly phosphorylates intracellular target proteins
(Hug and Sarre 1993). PMA is thought to activate some PKC isoenzymes (Nishizuka 1984;
Nishizuka 1986) by substituting the endogenous ligand 1,2-diacylglycerol in its binding domain
or by binding simultaneously to the C1 region of the kinase (Slater et al. 1994; Zhang et al. 1995).
PMA-induced shedding of several membrane proteins can be reduced by PKC inhibitors (Hahn et
al. 2003; Thabard et al. 2001) and therefore it is presumed that PMA activates ectodomain

shedding in a PKC-dependent manner.
Surprisingly, the specific PKC inhibitor chelerythrine did not inhibit the shedding of RAGE;

instead it enhances RAGE shedding under both constitutive and PMA-stimulated conditions. This

finding is in accordance with a recent study which reported chelerythrine stimulated shedding of
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HB-EGF in a ROS (reactive oxygen species) dependent manner (Kim et al. 2005). In this line,
although chelerythrine is a potent PKC inhibitor, it was shown to induce intracellular ROS (Yu et
al. 2000), suggesting the involvement of intracellular peroxides in the regulated ectodomain
shedding of some cell surface proteins. To investigate whether ROS induced by chelerythrine are
indeed involved in regulation of RAGE shedding, it will be indispensable in further study to test
the effects of ROS blockers or scavengers on chelerythrine-stimulated RAGE shedding.
Furthermore, the effect of other PKC inhibitors on RAGE shedding should be analyzed to clarify
the role of PKC in processing of RAGE.

In addition to PKC, multiple signaling pathways including MAP kinase activation have been
implicated in the PMA stimulated shedding mechanism, and in some cases these pathways are
independent of each other (Dethlefsen et al. 1998). The activation of MAP kinase by PMA can be
blocked by pretreating cells with the specific MAP kinase kinase (MEK) inhibitor PD98059
(Phong et al. 2003; Gechtman et al. 1999). The blockade of MEK pathway by PD98059 has no
effect on either constitutive or PMA-stimulated RAGE shedding. Therefore, it is unlikely that this
particular MAPK pathway is involved in RAGE shedding. In further studies JNK and p38 MAP

kinase pathways may be investigated.

5.4 The cleavage of RAGE is mediated by a metalloproteinase

Metalloproteinases of the ADAM and MMP families are involved in ectodomain shedding of
transmembrane proteins. ADAM17 has been implicated in the shedding of TGFa (Peschon et al.
1998), neuregulin-1 (Montero et al. 2000), HB-EGF (Sunnarborg et al. 2002) and APLP2 (APP
like protein 2) (Endres et al. 2005), while MMP family members have been shown to mediate the
shedding of E-cadherin (Perl et al. 1998), proTNF-a (Haro et al. 2000), CD44 (Nakamura ef al.
2004) and others.

Here several lines of evidence for the role of metalloproteinases in constitutive and stimulated
shedding of RAGE are provided. By using metalloproteinase inhibitors, it was demonstrated that
MMPs and/or ADAMs are potential sheddases for RAGE in Flp-in 293 cells. Three different
metalloproteinases inhibitors GM6001, GI254023X and GW280264X blocked constitutive and
PMA stimulated shedding of RAGE. In addition, GM6001 blocked APMA stimulated RAGE
shedding. Some other kinds of protease inhibitors were also included in this study, but contrary to
metalloproteinases inhibitors, these inhibitors had no significant effects on RAGE shedding, thus

excluding the role of cysteine proteases, aspartic proteases, serine proteases and neprilysin in the
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cleavage of RAGE. Both gain of function and loss of function experiments rule out the
involvement of ADAMI10 as candidate sheddase for RAGE. In addition, overexpression of either
ADAM17 or MT1-MMP did not enhance RAGE shedding. In contrast, overexpression of MMP9
enhanced RAGE shedding while silencing MMP9 by RNAi reduced RAGE shedding. Taken
together, the data suggest MMP9 as RAGE sheddase. Therefore, RAGE is a novel substrate for
MMP9.

The fact that some sSRAGE was still detectable in the secretion medium of MMP9 siRNA
transfected cells is likely caused by an incomplete knockdown. However, it may also argue for an
involvement of other proteases in shedding of RAGE. Thus the results obtained do not exclude
the possibility that metalloproteinases other than MMP9 are also involved in the proteolytic
cleavage of RAGE. Other MMPs including MMP2 might represent possible candidate sheddases
which share the ability together with MMP9 to cleave RAGE. Since the activation of proMMP9
to catalytic active MMP9 involves many MMPs including MMP1, MMP2, MMP7 and MMP13, a
potential role of these MMPs in regulating the shedding of RAGE needs further investigation.

In addition to RAGE, MMP9 has been showed to be involved in direct cleavage of cell surface
proteins such as TGF-a (Yu and Stamenkovic 2000), galectin-3 (Ochieng et al. 1994), IL-2R
(Sheu et al. 2001) and ICAM-1 (Fiore et al. 2002). Furthermore, it has been postulated that the
proteolytic activity of MMP9 is most effective when MMP9 is localized to the cell surface (Fiore
et al. 2002; Toth et al. 1997; Yu and Stamenkovic 2000). In this aspect, it is interesting to note
that the cell surface localization of proteolytic activities has been observed for a variety of
secreted MMPs including MMP1, MMP2 and MMP?7. Indeed, there is evidence that the cell
surface may provide a privileged microenvironment for the preservation of MMP9 activity from
natural inhibitors including the tissue inhibitors of metalloproteinases (TIMPs) that block the
activity of soluble MMPs (Yu and Stamenkovic 1999). So regulation of MMP9 localization to the
cell surface seems to be important for the shedding events mediated by MMPO. In future work,
one may figure out whether RAGE provides cell surface docking site for MMP9 and whether cell

surface localization is important for MMP9 to cleave RAGE.

As working hypothesis it was presumed that shedding of RAGE may be important to prevent the
progression of Alzheimer’s disease because the amount of membrane-bound RAGE is elevated in
the brain vasculature of AD patients, therefore promoting AP uptake from serum into the brain
(Deane et al. 2003). Now evidence is provided here that RAGE is cleaved by MMPO9 to generate
soluble RAGE. Interestingly, MMP?9 is synthesized in neurons (Backstrom ef al. 1996) and levels
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of soluble RAGE are significantly reduced in the plasma of AD patients compared with controls
(Emanuele et al. 2005). Taken together, it is conceivable that elevated levels of membrane-bound
RAGE in the brain vasculature and accumulation of AP in brain as well as the decrease of
circulating soluble RAGE in the plasma may be due to the disturbance of either MMP9
expression or its activation in AD patients. In this context, the level of circulating MMP9 in AD
patient’s plasma has been studied by several different research groups. Although one group
detected an increased level of plasma MMP9 in AD patients (Lorenzl et al. 2003), others found no
significant difference between AD patients and normal controls. On the other hand, increased
MMPO9 expression levels have been observed in AD brains but MMP9 was predominantly found
in the latent or proenzyme form in the proximity of extracellular amyloid plaques (Backstrom e?
al. 1996). It was proposed by the authors that the lack of MMP9 activation contributes to the

accumulation of insoluble A} peptides in plaques.

In the context of RAGE shedding, whether a lack of MMP9 activation contributes to decreased
levels of soluble RAGE in the plasma and corresponding elevated amounts of membrane-bound

RAGE in the brain vasculature in AD need to be addressed in future studies.

The functional interaction between MMP9 and RAGE is highly reasonable in view of several
aspects. First, both molecules are expressed in human endothelial cells, neurons, astrocytes, and
microglia, thus giving the chance to interact with each other. Secondly, increased expression of
both MMP9 (Backstrom et al. 1996) and RAGE (Yan ef al 1996) are found in AP rich tissues.
Thirdly, overexpression of both molecules is involved in inflammation, tumor growth and
migration, atherosclerosis, multiple sclerosis (MS) and neurodegenerative disorders such as AD.
All these coincidences between MMP9 and RAGE strongly support the results showing
ectodomain shedding of RAGE by MMPO9.

Although the results described here suggest a beneficial role for MMP9 in AD by cleavage of
RAGE, MMP?9 has been shown to play a detrimental role in other diseases such as stroke and
metastasis. Thus, whether or not MMP9 is beneficial or harmful may depend on several factors,
including the cellular sources, the extracellular environment, and the stage of lesion development

in the diseases.
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5.5 The cleavage of RAGE is not sequence specific

The sequence P-T-A-G-S present in the membrane proximal portion of the extracellular domain
of RAGE is consistent with a previously defined MMP9 specific recognition motif
Pro-X-X-Hy-(Ser/Thr) (Kridel et al. 2001). Therefore it was speculated that this sequence
comprises the MMP9 cleavage site of RAGE. Unexpectedly, neither a point mutation within this
sequence nor the substitution of all five amino acids significantly affected RAGE shedding,

indicating a lack of sequence specificity for the RAGE sheddase.

Several structural characteristics of a substrate are important for its recognition by an enzyme,
including sequence, stalk length, membrane distance and features of the distal ectodomain, as
well as the tertiary structure of the enzyme itself. Several lines of evidence suggest that the
structure of the juxtamembrane stalk region, rather than the presence or absence of a specific
amino acid sequence determines the susceptibility of a transmembrane protein to shedding.
Mutational analysis of the cleavage sites for TNF-a (Tang et al. 1996), TNFRI (Brakebusch et al.
1994), L-selectin (Migaki et al. 1995), IL-6R (Mullberg et al. 1994) and APP (Sisodia 1992) have
revealed relaxed sequence specificities surrounding the cleavage sites. For example, TNF-a
shedding can only be abolished by deletion of at least 10 amino acid residues surrounding the
cleavage site (Tang et al. 1996). Therefore, some sequence changes may maintain structural
integrity and cleavability of the juxtamembrane domain, whereas others disrupt this structure. The
identification of amino acids comprising a potential cleavage site for MMP9 in the extracellular

region of RAGE will provide helpful insights to our understanding of this process.
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5.6 The cytoplasmic domain of RAGE is not essential for shedding and

membrane localization of RAGE

The present results clearly demonstrate that the cytoplasmic domain of RAGE is not required for
shedding of the ectodomain. In this regard, RAGE is similar to the ACE (Sadhukhan e al. 1998;
Chubb et al. 2004), APP (da Cruz e Silva et al. 1993), kit ligand (Cheng and Flanagan 1994), L1
(Heiz et al. 2004) and IL-6 receptor (Mullberg et al. 1994). In contrast, the cytoplasmic domains
of proTGF-a and the TNF-a receptor are necessary for their cleavage (Crowe et al. 1993;
Bosenberg et al. 1992). Furthermore, the fact that the deletion of RAGE cytoplasmic domain has
no significant influence on PMA stimulated shedding strongly support the conclusion that PMA
stimulated RAGE shedding is not due to direct activation of RAGE by PKC. Whether a subtle
difference in shedding efficiency can be detected between full-length RAGE and C-terminal

truncated RAGE awaits the development of more sensitive assays.

Deficient transport has been proposed as an explanation for the previously reported lack of PMA
activated ectodomain shedding of C-terminal truncated proTGF-a (Urena et al. 1999), since the
ectodomain shedding machinery is known to be located at the cell surface. In fact, targeting of
transmembrane proteins to several subcellular compartments is mainly dependent on sorting
signals located in cytoplasmic domain. In contrast, the same study reported that the maturation
and transport of betaglycan are unaffected by the absence of the cytoplasmic tail (Urena et al.

1999).

By a biotinylation assay it was demonstrated in this thesis that full-length RAGE is cleaved at cell
surface constitutively or upon stimulation. Furthermore, cytoplasmic domain deleted RAGE is
biotinlyted indicating that it is also cell surface anchored. This finding is consistent with a recent
report which showed a clear membrane localization of full-length RAGE as well as C-terminal
truncated RAGE (Bartling er al. 2005). In conclusion, cell surface localization of RAGE is

independent of its cytoplasmic tail.

Cytoplasmic domain deleted RAGE is also called DN-RAGE because the lack of the cytoplasmic
domain is thought to prevent its signaling by a dominant negative way. Recombinant DN-RAGE
has been shown to abrogate RAGE-mediated neurite outgrowth, implying that the cytoplasmic
domain of RAGE interacts with a signaling complex necessary to initiate neurite extention
(Huttunen et al. 1999). However, the signaling mechanism of RAGE is poorly understood and up

to date none of the cytoplasmic binding partners of RAGE have been identified. Because
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shedding of RAGE was found to be independent from the presence of its cytoplasmic domain,

modulators for RAGE shedding must attack other target sides.

5.7 Significance of RAGE shedding

Ectodomain shedding represents a distinguished mechanism to regulate the signaling capacity of
cell surface receptors. On one hand, ligands are synthesized as transmembrane proforms and
inactively sequestered and converted to active forms able to bind receptors only by shedding. On
the other hand, cleaving the ligand binding domain of receptors by shedding can terminate

receptor signaling.

sRAGE has been cloned and expressed as a recombinant protein. The existence of natural SRAGE
in biological fluids suggests that SRAGE has important roles in normal physiology as well as the
development of pathological processes. The importance of SRAGE has been demonstrated by
administrating recombinant SRAGE to prevent diabetic atherosclerosis (Park et al. 1998), reduce
diabetice late complications (Goova et al. 2001), inhibit tumor metastases and invasion (Taguchi

et al. 2000), and block transport of AP across the blood brain barrier (Deane et al. 2003).

However, the in vivo significance of RAGE shedding to generate sSRAGE has not yet been
studied. The relatively lower level of plasma sRAGE has been described to be associated with
various diseases including Alzheimer’s disease (Emanuele ef al. 2005), hypertension (Geroldi et
al. 2005), rheumatoid arthritis (Pullerits et al. 2005) and coronary artery disease (Falcone et al.
2005). Therefore, the formation of SRAGE by metalloproteinase cleavage might be important to
regulate RAGE-mediated cellular functions. The presence of sSRAGE in biological fluids could
affect function of RAGE ligands by competing for ligand binding with membrane bound RAGE.
Thus by preventing interaction of ligands with cell surface RAGE, sRAGE can disrupt ligand
induced RAGE mediated signaling. For example, use of recombinant sSRAGE reduced vascular
levels of phosphorylated p38 MAP kinase and activated NF-kB. Given that RAGE is a
multi-ligand receptor and a number of disorders have been reported to be associated with
activation or defect of the ligand-RAGE axis, modulation of SRAGE generation by regulating
proteolysis of RAGE provides a novel and favorable therapeutic way in addition to administration
of recombinant SRAGE. Additionally, it has been suggested that RAGE should be considered a
pattern recognition receptor (PRR), since it binds to a diversity of ligands (Bierhaus et al. 2005).
By this opinion, it is proposed that the beneficial effects of SRAGE are not solely the result of

preventing ligand engagement of cell surface RAGE but possibly also of other receptors.
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Regulation of shedding of RAGE can be conducted via increase of MMP9 activity or its
expression to generate more SRAGE. On the other hand, specific MMP9 inhibitors can be used to
inhibit RAGE shedding. Given the complex roles of RAGE, and other receptors interacting with
RAGE ligands, the decision to activate or inhibit RAGE shedding will depend on different
physiopathological contexts. It has been speculated that SRAGE-ligand complexes are eliminated
from the blood via the spleen and/or liver (Renard et al. 1997). If this is true, enhancement of
RAGE shedding will give rise to clearance of circulating AR from blood by soluble RAGE. Also,
by shifting cell surface RAGE into SRAGE, it would be possible to reduce the uptake of AP into
the brain and diminish membrane-bound RAGE-mediated neurotoxicity. On the other side,
soluble RAGE might also affect the bioavailability of RAGE ligands by forming a complex with
ligands.

Lastly, either high or even low levels of soluble RAGE in human plasma might correlate with
distinct pathological conditions and possibly serve as a prognostic marker for certain type of
diseases. Indeed, a growing number of evidence suggests the possibility of soluble RAGE as a
biomarker for many RAGE-related diseases including coronary artery disease (Falcone et al.
2005), rheumatoid arthritis (Pullerits et al. 2005), Alzheimer disease (Emanuele et al. 2005), type
1 diabetes (Forbes et al 2005) and hypertension (Geroldi er al 2005). Long-term, large-scale
prospective clinical trials will be required to evaluate the rationality of soluble RAGE as
biomarker for RAGE-mediated diseases. Furthermore, antibodies specifically recognizing only
the secreted form of RAGE which is generated by proteolysis should be included in such studies.
In this aspect, it is also important to detect the changes in activity or expression of MMP9 or
other sheddases that account for the shedding of RAGE and to reveal the corresponding

relationship between levels of sheddases and SRAGE in various diseased conditions.
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6. Summary

RAGE mediates diverse physiological and pathological effects by binding a variety of ligands.
Despite incomplete understanding of RAGE-mediated disorders soluble RAGE (sRAGE) has
been identified as a potential biomarker for RAGE-related diseases and possibly represents a
hopeful pharmaceutical against RAGE-mediated disorders. Nevertheless, the source of SRAGE
remains poorly investigated. Currently sSRAGE is thought to be derived exclusively from

alternative splicing of mRNA.

In this thesis it was investigated whether SRAGE can also be released as a result of ectodomain
shedding of full-length RAGE. Using cells overexpressing RAGE as a model system, it was
demonstrated clearly that RAGE undergoes ectodomain shedding in both constitutive and
regulated manner. Several stimuli including PMA, AMPA, calcium and chelerythrine stimulated
the release of sSRAGE into cell culture medium. Moreover, possible mechanisms that regulate
ectodomain shedding of RAGE were investigated and it was found that shedding of RAGE is
likely independent from PKC and MAPK pathways. By using gain of function and loss of
function approaches MMP9 but not ADAM10, ADAM17 or MT1-MMP was characterized as the
metalloproteinase that mediates shedding of RAGE. Furthermore, it was shown that cytoplasmic
domain of RAGE is not essential for shedding of RAGE. In addition, the potential cleavage site
of RAGE by MMP9 was investigated and a lack of sequence specificity for the RAGE processing
proteinase was demonstrated by mutation analysis. Finally the physiopathological significance of

shedding of RAGE is discussed.
In conclusion, for the first time ectodomain shedding of human RAGE and the underlying

regulatory mechanisms were investigated. The data open a new field for modulation of RAGE

shedding as a novel intervention approach against RAGE-mediated diseases.
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Ap Amyloid BPeptide

AD Alzheimer’s disease

ADAM a Disintegrin and Metalloprotease
AGE advanced glycation end products
AICD APP Intracellular Domain

APP Amyloid precursor protein
sAPPa a-Secretase cleaved soluble APP
sAPPB B-secretase cleaved soluble APP
ATP adenosin triphosphate

BBB Blood Brain Barrier

bp Base pair

BSA Bovine serum albumine

DMSO dimethylsulfoxide

DNA desoxyribonucleic acid

dNTP desoxynucleotidetriphosphate
DTT dithiothreitol

ECL enhanced chemoluminescence
EDTA ethylenediaminetetraacetate

FCS fetal calf serum

HA Hemagglutinin

His Histidine

kDa Kilo Dalton

MMP Matrix-Metalloproteinase

PAGE Polyacrylamide gel electrophoresis
PBS phosphate buffered saline

PCR polymerase chain reaction

PMA Phorbol-12-Myristat-13-Acetate
RNA ribonucleic acid

RAGE Receptor for advanced glycaion end products
ROS reactive oxygen species

rpm rounds per minute

SDS sodium dodecyl sulfate

TCA Trichloracetic acid

Tris tris(-hydroxymethyl)-aminomethane
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