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Ligand-conjugates and methods for targeted receptor-mediated cellular uptake

Field of the Invention
The present invention relates to novel protease-activated receptor (PAR) ligand-conjugates
for receptor-mediated signal transduction and cellular uptake of entities of desired activity

and function.

Background to the Invention

A number of methods are known for selectively targeting cells in a patient for delivery of
diagnostic or therapeutic agents. Selective targeting has led to the introduction of various
entities of interest including diagnostic agents for visualization of tissues, such as contrast
agents useful in Magnetic Resonance Imaging (MRI), radio-diagnostic compositions, and
the like. Introduction of therapeutic agents, such as compositions for radiotherapy or for
neutron capture therapy, compositions for chemotherapy, various proteins, peptides, and
nucleic acids, protein toxins, antisense oligonucleotides, liposomes, analgesics, antibiotics,
antihypertensive agents, antiviral agents, antihistamines, expectorants, vitamins, plasmids,
and the like, has also been demonstrated. For example, folate conjugates have been used
for the selective targeting of cell populations expressing folate receptors or other folate
binding proteins to label or deliver bioactive compounds to such cells. Efforts to improve
the selectivity of targeting or increase the diversity of the agents delivered to the cell or
tissue by receptor ligand-conjugates have been hampered by a number of complications,
including suitable alternative receptors on target cells or tissue and the complex syntheses

required for the preparation of these conjugates.

Thus, the technical problem underlying the present invention was to provide ligand-
conjugates and methods for targeted receptor-mediated cellular uptake of an entity of
interest such as mentioned above. The solution to the technical problem is achieved by
providing the embodiments characterized in the claims and described further below.

Summary of the Invention

In a general aspect, the present invention relates to novel receptor ligand-conjugates
suitable for targeted receptor-mediated signal transduction and cellular uptake of entities
of desired activity and function. The present invention is based on the synthesis of a novel
class of PAR (protease activated receptor) ligands illustrated in the Examples with a
synthetic PAR2 agonist denoted P8, which are able to specifically bind and activate cell
surface PAR, in a manner similar to the native activation process mediated by several
serine proteases. Activation of the receptor initiates a number of intracellular signal
cascades and downstream signaling events, as well as the B-arrestin-mediated and clathrin-
and dynamin-dependent endocytosis of PAR itself. In this regard, the novel class of PAR
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ligands such as the synthetic PAR2 agonist P8 can be employed to trigger endocytosis and
enables the target-specific uptake of molecules, proteins and other biofunctional material
or particles into cells, when directly linked to them. Hence, the ligand-conjugates of the
present invention pave the way for a new generation of pharmacological, therapeutical,
5  diagnostic and biotechnological applications, such as target drug delivery or directed cell

engineering.

The disclosure of the present invention includes (1) the design of the PAR ligand and
ligand-conjugate, (2) synthesis of a novel class of PAR ligands, (3) PAR-ligand

10  interaction on the atomic level (ligand docking simulations) assisting in the design of
novel PAR ligands and PAR ligand-conjugates, (4) cellular assays for proof-of-concept
such as verifying the biological function of the PAR ligand in PAR-mediated cell
activation, and (5) biological function of the ligand and ligand-conjugate, respectively,
enhancing PAR-mediated uptake by eukaryotic cells. In order to achieve this goal, the

15  present invention provides the synthesis of the novel PAR2 agonist P8 and several assays
and methods to test the biofunctionality and biocompatibility, as well as the applicability
of the P8 conjugate for potent biochemical and cell biological applications. The following
table shortly summarizes the methods employed, the results obtained and possible
applications.

20
Table 1: Overview of invention and correlated potential applications.

Step Result Potential for Applications

2. Synthesis of novel = Organic synthesis-strategy - A new generation of PAR
PAR ligands such as development and optimization ligands, in particular PAR
PAR2 agonist P8 - Purification and activating agonists, which
characterization of isolated allow direct cell controlling,
PAR ligand such as P8 reprogramming and
(HPLC-MS, photometry) modification through direct
receptor-mediated cell

activation or specific drug
delivery and uptake in a
variety of medicinal
applications
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4. igand functionality - ell activation an - ontr g
and cell activation downstream signaling functionality provides an
potential of PAR employing infracellular calcium essential biotechnical tool for
ligand-conjugates mobilization assay (Flow several related medical and
stuch as P6 and P8 cytometry) pharmaceutical applications

The data described in the appended Examples clearly demonstrate the proof of principle of

the concept of the present invention for novel endocytosis-triggering ligands. Besides the

possibility of generating different PAR ligand derivatives, according to the present

5 invention it will be applicable to other PAR-expressing cell types such as astrocytes and

neurons and many other cells, for efficient PAR ligand mediated endocytosis and

consequently also on primary cells. While the present invention is illustrated and

discussed with human PAR as a preferred embodiment, the person skilled in the art will

acknowledge that because PARs are found and conserved in vertebrates and mammalians,

10 the present invention and embodiments are generally applicable, for example to primates,
rodents, horses, cows, dogs, cats, fish, pigs, poultry, and the like.

Brief Description of the Figures
Fig1: Design of a PAR ligand in accordance with the present invention illustrated by

15 novel PAR2 agonist P8. A: Energy minimized structure model of the PAR2
agonist P8. B: Lewis structure of the PAR2 agonist P8. 5-FAM: 5-
carboxyfluorescein. SLIGRL-NHj: single letter amino acid code
(SerLeulleGlyArgLeu). The carboxylate at the C-terminus is modified to a
primary amide.

20  Fig.2: Schematic presentation of the synthesis strategy employed for the generation of a
PAR ligand in accordance with the present invention illustrated by the
preparation of the novel PAR2 agonist P8.

Fig. 3: Ligand docking simulation of a PAR ligand in accordance with the present
invention illustrated by novel PAR2 agonist P8 and the intermediate P6 onto

25 human PAR2. A: Quaternary structure of human PAR2 in complex with novel
PAR2 agonist intermediate P6. The molecular surface is shown in blue spheres.
B: Human PAR2 in complex with novel PAR2 agonist P8. Carbon atoms are
illustrated with green spheres, oxygen with red spheres and nitrogen with blue
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spheres. Homology model of human PAR2 as well as docking calculations were
performed with the software YASARA employing the incorporated Yasara
Structure module.

Fig. 4: Downstream calcium-flux determination as a consequence of PAR ligand in
accordance with the present invention mediated receptor activation illustrated by
PAR2 agonist P8. HEK293 cells were preincubated with the calcium sensitive
fluorophore Indo-1 AM and treated with either trypsin, SLIGRL-NH: or the
synthetic compounds P6 and P8 right before flow cytometric analysis. Black
arrows indicate the shift in RFI upon PAR2 activation and subsequent
downstream calcium mobilization. SLIGRL-NH;: single letter amino acid code
(SerLeulleGiyArgLeu-NHz). DEG-SLIGRL-NH;: diethylenglycol derivatized
SLIGRL-NH: (P6). P8: novel PAR2 agonist P8. RFI: relative fluorescence
intensity.

Fig. 5: Conjugation of a PAR-ligand in accordance with the present invention to an
entity of interest illustrated by PAR2 agonist P8 to iron oxide nanoparticles
(IONP) and endocytosis into keratinocytes. DMSA: 2,3-dimercaptosuccinic acid.
SLIGRL-NHaz: single letter amino acid code (SerLeulleGlyArgLeu-NHz). P8:
novel PAR2 agonist P8. RFI: relative fluorescence intensity. Ext. labelling:
extended labelling of P8-derivatised IONPs. DAPL: nuclei staining.

Fig. 6: Homology model of human PAR2. A: Comparison of the crystal structure of
human PAR! (PDB: 3VW7) and the homology model of human PAR2. B:
Structural alignment of human PAR1 (purple) and PAR2 (light blue). C: Amino
acid alignment of human PAR1 and PAR2 sequences. The homology model of
PAR2 was generated using the software YASARA and the incorporated
YASARA Structure module. The amino acid alighment was generated using the
software Geneious.

Fig. 7: Formation of P8-labelled IONPs.

Detailed Description of the Invention

The present invention generally relates to novel protease-activated receptor (PAR) ligand-

conjugates for receptor-mediated signal transduction and cellular uptake of agents,

particles, cells and other bioactive molecules. Thus, in its broadest aspect the present

invention relates to a conjugate capable of triggering target specific cellular uptake of an

entity of interest comprising: v

(a) aprotease activated receptor (PAR)-binding ligand; and covalently attached thereto

(b) a linker molecule which provides the ability to be chemically linked to the entity of
interest; and optionally

(c) the entity of interest conjugated to the linker.

Human protease-activated receptors (PARs), a superfamily of unusual G-protein (GTP

binding protein)-coupled receptors (GPCRs) comprising of four family members termed

RECTIFIED SHEET (RULE 91) ISA/EP
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PARI through 4 (nomenclature follows [12]) were discovered in the early 90s [13,14]
when actually searching for the receptor responsible for platelet agglutination. These type-
I transmembrane (TM) receptors share relatively high sequence similarity to other
GPCRs such as bovine rhodopsin (PDB 1U19, [15]) and human nociceptin/ orphanin FQ/
ORL-1 receptor (PDB 4EA3, [16]) regarding their TM region, consisting of seven
canonical a-helices (40 — 50 % sequence similarity) [5]. Beside their well-conserved TM
region all PARs consist of an extracellular N- and intracellular C-terminus, as well as
three extracellular and intracellular loops connecting the TM-segments, respectively (Fig.
6A).

The term "unusual”, used above when classifying PARs to GPCRs, refers to the process of
receptor-activation. PARs are predominantly activated by proteases via proteolytic
cleavage of their extracellular N-terminus e.g. at Ser-37 in case of PAR2, leading to the
exposure of a new amino terminus with the sequence Ser-Leu-Ile-Gly-Arg-Leu (SLIGRL).
This newly formed N-terminus serves as a tethered ligand (TL, Fig. 6C) and is in turn able
to fold back and intra-molecularly bind to the extracellular part of the receptor,
consequently initiating receptor activation and subsequent signal transduction [17-22].
The receptor remains inactive as long as this TL sequence is "protected" by the 36 amino
acid long N-terminus. So far, a number of PAR-activating proteases have been identified,
including proteases, e.g. from inflammatory cells, the digestive tract or the coagulation
cascade, such as thrombin [14], trypsin [18], tryptase [23], factor VIla and Xa [24,25],
granzyme A [26], matriptase [27], kallikreins (KLK2, 4, 5, 6, 14) [28-30] and other serine
proteases but also the matrix metalloproteinase-1 (MMP-1) in case of PAR1 activation
[31]. Hence, apart from their traditional function as classical protein digesting enzymes,
proteases become more recognized as hormone-like, cell regulatory molecules involved in
a number of pathological and physiological processes.

The general mechanisms of PAR cleavage and activation have been intensively
investigated over the past decades [17,22,32-35]. Interestingly, in contrast to PARI, 3 and
4, PAR2 is the only member of the superfamily, which cannot be activated through
thrombin but is predominately cleaved and activated by pancreatic trypsin [18,36-38]. The
reason for this observation is a negatively charged hirudin-like region that interacts with
the exosite of thrombin, which was found in PAR1 and 3 but is missing in case of PAR2.
PAR4 was found to directly interact with the active center of thrombin [34]. PAR
activation involves a number of G-proteins and initiates a wide range of different signal
transduction pathways in a number of cell types with diverse consequences and events that
mediates processes like inflammation, pain, homeostasis and repair mechanisms [21,39].
For example it has been shown that PAR2 couples to several G-protein o-subunits, such as
Gai, Gog, Gos and Gaiz-13 [40]. Following PAR activation, intracellular signal pathways
are triggered via extracellular signal-regulated kinase-1 and 2 (ERK1/2) phosphorylation
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[2,40,41], RhoA GTPase activation [42], adenylyl cyclase inhibition [43] and mitogen-
activated protein kinase (MAPK) pathway activation [44], as well as production of inositol
triphosphate (IP3) and diacyl glycerol (DAG) and downstream mobilization of
intracellular Ca?" [45] finally resulting in enhanced transcription, mitogenesis, cell growth
and differentiation. Furthermore, activated PAR2 can also be phosphorylated via G-
protein-coupled receptor kinases (GRKs) [46,47] leading to B-arrestin 1 and 2 recruitment
[22,48], which in turn uncouples PAR2 from G-protein complexes consequently
terminating PAR2 induced signaling and mediate dynamin- and clathrin-dependent
endocytosis of PAR2 [49,50].

In summary, the diverse involvement of PARs in different cellular processes is due to their
frequent appearance in various cell types, although PAR2 represents the most widespread
receptor of the PAR family [61] and therefore obtains major attention in the research field.
Besides PAR-activating proteases, a number of proteases are also capable of preventing
PAR mediated cell activation and downstream signaling upon proteolytic cleavage. The
underlying mechanisms of this negative PAR regulation comprise either the cleavage of
the extracellular amino terminus C-terminally distant from the TL sequence, thus
removing the same and consequently disarming the receptor or by cleaving elsewhere in
the latter to disable signaling [62,63]. One example for such a PAR-disarming protease
represents Cathepsin G, a serine protease expressed by activated neutrophils at sites of
injury and inflammation [64]. Molino et al. demonstrated that Cathepsin G treatment of
PAR expressing cell lines abolished thrombin induced cell activation, indicating the
modification or clearance of the thrombin cleavage site as a consequence of the proteolytic
activity of Cathepsin G [65].

Furthermore, it has been suggested that all PARs are exclusively activated via proteolytic
cleavage of their extracellular N-terminus in vivo, since no endogenous PAR-ligand
molecules have been identified so far. Besides that, it has been proposed that PAR3 rather
directly mediates cell signaling through self-activation but more function as a cofactor for
PAR4 activation [66]. Four years later, Hansen et al. demonstrated that synthetic peptides
derived from the TL sequence of PAR3 were indeed able to activate PAR2 besides PAR1
[67], indicating the complexity in the regulation of PAR-mediated cell signaling.

In accordance with the present invention, the mechanism of receptor silencing and
endocytosis after activation is utilized to prevent permanent cell stimulation and represents
the strategy for the internalization of PAR ligand-conjugates, illustrated in the Examples
with PAR2 agonist P8 labelled nanoparticles; see Examples 4 and 5. Hence, in a further
preferred embodiment of the conjugate of the present invention, the PAR to be targeted is
PAR2, preferably human PAR and PAR2, respectively.
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As mentioned, it has been suggested that all PARs are exclusively activated via proteolytic
cleavage of their extracellular N-terminus consequently exposing the PAR activating
tethered ligand (TL) sequence in vivo, since no endogenous PAR-ligand molecules have
been identified so far. However, it has been demonstrated that synthetic peptides, such as
SLIGRL-NH2 (native TL of rodent PAR2) and SLIGKV-NH2 (native TL of human
PAR?), derived from the TL sequence of PARs were indeed able to mimic the native
ligand and activate PAR2 and PAR1 [67]. After these ground-breaking observations
several research groups started the design and synthesis of a small library of new PAR-
activating ligands, including native TL mimicking peptides as well as full synthetic PAR-
agonist compounds [1-3,35,67-76]. Thus, PAR ligands, in particular PAR activating
peptides which may be used and adapted in accordance with the present invention are well
known in the art; see also, e.g., Zhao et al., Frontiers in Endocrinology 5 (2014), 1-16,
especially Tables 1 to 3 and the appended Examples. A recent review [75] on patents
regarding PAR modulating peptides is attached to this description. Hoffmann et al.,
Bioconjugate Chem. 23 (2012), 2098-2104 describes a conjugate comprising a PAR2-
binding ligand (2-f-LIGRL) covalently attached to a dtpa via an ornithine linker unit,
which is taught to be used as a chelator for Eu?*. US patent application US 2006/0104944
Al describes conjugates of PAR2-binding ligands, including SLIGRL-NH; and SLIGKV-
NHz with polymers such as PEG, and also conjugates of PAR2 agonist peptides with
antibodies. Flynn er al., FASEB J. 27 (2013), 1498-1510 describes a derivative of
SLIGRL bound to a palmitoyl group (PAM) via polyethylene glycol linkers. None of the
documents discloses or suggests that such conjugates are capable of triggering specific

cellular uptake of an entity of interest.

In a preferred embodiment of the conjugate of the present invention, the ligand is a
peptide, preferably PAR activating peptide or derivative thereof including but not limited
to peptoids, PNAs, biomimetics and the like, preferably wherein the peptide has a serine at
the N-terminus. In addition or alternatively, the carboxylate at the C-terminus of the
peptide is modified so as to reduce to the reactivity of the peptide at its C-terminus; see
Figure 1. Preferably, the carboxylate at the C-terminus of the peptide is modified to a
primary amide. In a particular preferred embodiment of the conjugate of the present
invention, the PAR ligand, i.e. PAR activating peptide comprises or consist of the amino
acid sequence SLIGRL (SEQ ID NO: 1), SLIGKV (SEQ ID NO: 2), or a derivative
thereof, preferably SLIGRL-NH; or SLIGKV-NH,.

In a further preferred embodiment of the conjugate of the present invention the linker is
directly or indirectly attached to the N-terminus of the peptide, preferably at the free
amine of the serine. However, as explained in the Examples, mutation of the serine to

threonine retained ligand activity, suggesting that the correct positioning of a polar group,
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such as sulphydryl or hydroxyl group of the amino acid side chain, as in serine or
threonine is important for ligand binding. Therefore, other amino acids such as threonine
or functional groups may be present at the N-terminus of the PAR ligand for attaching the

linker and spacer, respectively.

As illustrated in Figures 1 and 2, and common in the preparation of receptor binding
ligands, in particular peptides for target-selective delivery of an entity of interest, linkers
such as amino acids comprise an amino or thiol group for conjugation and preserve the
affinity for the receptor are known in the art; see, e.g., for review Chen ef al. Adv. Drug
Deliv. Rev. 65 (2013), 1357-1369 and Accardo et al., Int. J. Nanomedicine 9 (2014),
1537-1557. In a preferred embodiment of the conjugate of the present invention the linker

molecule is lysine.

In a further preferred embodiment of the conjugate of the present invention the linker is
attached to the ligand by a spacer molecule; see Figure 1 and 2. Like linkers, spacer
molecules such as those consisting of ethylenglycol units are well known in the field; see,
e.g., for review Hamley, Biomacromolecules 15 (2014), 1543—1559 as well as Chen
(2013) and Accardo (2014), supra. Preferably, the spacer molecule is diethylenglycol
(DEG). However, it should be noted, that based on the molecular modelling data provided
in Example 3 the spacer can be modified in length and structure to modulate the
interactions between PAR and the ligand. In particular, this includes strengthening the
binding by interactions outside of the binding site for the activating peptide. For example,
while two ethylenglycol units (DEG) have been used in the Examples, it may well be
extended to oligo- and polyethylenglycol (PEG) depending on specific demands of an
application. For example, when the PAR-ligand, e.g. PAR2 activating peptide will be
attached to complex surfaces of micro vesicles or other nano-/micro-particles, it might be
critical that the PAR2 activator peptide is more exposed to the environment and distant

from the carrier surface.

In a further preferred embodiment of the conjugate of the present invention the linker
comprises a detectable label, preferably a fluorophore such as 6-carboxyfluorescein (6-
FAM) und 5-carboxyfluorescein (5-FAM) or a mixture thereof. One significant advantage
in relation to this embodiment includes the possibility to monitor the time dependent
internalization of the PAR ligand and PAR ligand-conjugate into cells. In case of a
fluorophore 6-FAM and 5-FAM monitoring of the PAR ligand labelled entity of interest
into cells can be performed without any chemical interference of the label, which will be

discussed more in detail below.
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As mentioned the ultimate goal of the present invention is to provide ligand-conjugates
and methods for targeted receptor-mediated cellular uptake of an entity of interest such as
mentioned above in vitro or in vivo, i.e. within a subject. An "entity of interest" includes
any therapeutic or diagnostic functional entity selected from but not limit to any medical,
diagnostic, pharmaceutical or biological entity whose delivery to a targeted site in a
subject has therapeutic benefit and/or diagnostic value and which entity can be linked to a
the PAR ligand of the present invention. Examples of therapeutic or diagnostic functional
entities include a nucleic acid; a protein; a peptide; a gene delivery vehicle (such as a
plasmid, a virus, a liposome complex); an enzyme; a thrombolytic agent; an anticoagulant;
a chemotherapeutic agent; an apoptotic agent; a pharmaceutical; a chemical compound; a
growth factor; a cytokine; other ligands for cell surface receptors; a carbohydrate, a lipid,
imaging agents, such as radiochemicals, fluorescence chemicals, metal ions that can be
detected externally; or a cosmetic agent such as for regulating the humidity of the skin,
skin tanning, blood circulation of the skin and the like. For suitable agents see also
international applications WO 2002/085908 and WO 2003/009815 as well as Accardo ef
al. (2014), supra. In one embodiment of the conjugate of the present invention the entity
of interest is a diagnostic or therapeutic agent, a cell, a micro-vesicle or other nano- or
micro-particle, preferably iron oxide nanoparticle (IONP); see also Example 5.

As mentioned above and illustrated in the Examples, in the course of preparing the PAR
ligand-conjugates of the present invention also novel PAR ligands such as PAR2 agonist
P6 and P8 have been provided on the basis of PAR activating peptides which are modified
at their N-terminus, for example with a functional moiety such as a spacer or linker,
preferably at a serine at the N-terminus; see supra. In addition or alternatively, the
carboxylate at the C-terminus of the peptide is modified so as to reduce to the reactivity of
the peptide at its C-terminus; see Figure 1. Preferably, the carboxylate at the C-terminus of
the peptide is modified to a primary amide. In a particular preferred embodiment of the
modified PAR activating peptide comprises or consist of the amino acid sequence
SLIGRL (SEQ ID NO: 1), SLIGKV (SEQ ID NO: 2), or a derivative thereof, preferably
SLIGRL-NH2 or SLIGKV-NH2. Accordingly, in a further aspect the present invention
relates a PAR ligand comprising or consisting of a PAR activating peptide or derivative
thereof such as defined herein before and illustrated in the Examples, which is modified
with a functional moiety at its N-terminus, preferably at a serine, preferably wherein the

functional moiety is spacer or linker molecule.

It will be appreciated by the person skilled in the art that the components of the
compositions of the present invention are typically provided in the form of one or more
kits or pharmaceutical and diagnostic compositions, respectively, each containing an
effective amount of the conjugate and novel PAR ligand of the present invention together
with a pharmaceutically-acceptable buffer, excipient, diluent or carrier as well as
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instruction for use and/or optionally suitable means for detection of the ligand.
Accordingly, in a further embodiment the present invention relates to a composition and
kit comprising the conjugate or novel PAR ligand of the present invention, preferably
which is a pharmaceutical or a diagnostic composition, preferably wherein the conjugate
comprises the entity of interest. A pharmaceutical composition may include a
pharmaceutically acceptable antioxidant. These compositions may also contain adjuvants
such as preservatives, wetting agents, emulsifying agents and dispersing agents. It may
also be desirable to include isotonic agents, such as sugars, sodium chloride, and the like
into the compositions. In addition, prolonged absorption of the injectable pharmaceutical
form may be brought about by the inclusion of agents which delay absorption such as
aluminum monostearate and gelatin. Pharmaceutical compositions typically must be
sterile and stable under the conditions of manufacture and storage.

Some of the processes in which PARs are proposed to play a crucial role comprise
endothelial cell, neuron and astrocyte function [51-54], platelet activation [52], skin
pigmentation [55], hyperalgesia (increased perception of pain) and analgesia (absence of
sensibility to pain) [56], tumor cell growth and metastasis [57,58], as well as HIV-induced
neuroinflammation [51]. For example, Noorbakhsh and co-workers detected increased
mRNA levels of PAR1 and prothrombin in brain samples form patients infected with HIV
(and suffering AIDS) relative to controls [51]. Another interesting finding was made by
D’Andrea et al. who observed the upregulation of PAR1 and PAR2 in human stromal
fibroblasts surrounding the malignant breast cancer cells, besides the presence of PARI
and PAR2 mRNA and protein in the latter [59]. It should be noted here that besides the
significant increasing incidences of breast cancer, over the past decades, in a number of
developing countries also the high disease-related mortality, due to inefficient therapies
remains a present challenge. Thus the identification of new therapeutic targets as well as
the development of new strategies to more efficiently fight cancer represents an essential
issue. Accordingly, in one aspect the present invention relates to the conjugate of the
present invention disclosed hereinbefore and illustrated in the Examples and compositions
described herein for use in the treatment, diagnosis or monitoring of a disease or condition
related to the over-expression of PAR in a cell, preferably wherein the disease is cancer. In
another embodiment, conjugate or composition of the present invention is used for the
modulation of a cell expressing PAR in vitro. In addition, Freund-Michel and co-workers
proposed the role of PAR2 in inflammatory airways disease, such as asthma. They
observed the upregulation of PAR2 in primary cultures of human airway smooth muscle
cells (HASMC) under inflammatory conditions (treatment with cytokine IL-1B) [60].
Therefore, it is prudent to expect that the conjugate and novel PAR ligand of the present
invention are useful in the treatment or investigation of those diseases as well.
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As mentioned hereinbefore, the disclosure of the present invention includes the design of

the ligand and ligand-conjugate, synthesis of the novel class of PAR ligands, and PAR-

ligand interaction on the atomic level (ligand docking simulations) assisting in the design
of novel ligands and ligand-conjugates; see also Table 1, supra, and the Examples.

Accordingly, in a further aspect the present invention relates to a method of preparing a

PAR agonist or a conjugate capable of triggering target specific cellular uptake of an

entity of interest comprising:

(a) coupling a spacer molecule (3) at the free amine group of the N-terminal serine of a
PAR ligand, preferably a PAR activating peptide (4) so as to obtain an intermediate
modified PAR ligand (5, 6), preferably a PAR agonist (6); and optionally

(b) coupling a bi-or multivalent linker (1, 2) which provides the ability to be chemically
linked to the entity of interest to the spacer molecule of the modified PAR ligand
(6), preferably wherein the linker comprises a detectable label (7), so as to obtain a
further modified PAR ligand (8); and optionally

(c) conjugating the entity of interest to the linker, preferably via a free amino group of
the linker so as to obtain a conjugate of the PAR ligand and the entity of interest;

see also Examples 1 and 2 as well as Figures 1 and 2. Preferably, prior, during or after any

one of steps (a) to (c) the potential intermolecular receptor-ligand interaction is determined

based on ligand-docking simulations using a homology model of PAR, preferably human

PAR2 together with the intermediate ligand or conjugate either with or without the entity

of interest; see Example 3 and Figures 3 and 6. Since the present invention also provides

means and methods for preparing the PAR ligand-conjugates disclosed herein, the present
invention also relates to the use of a PAR ligand, linker, spacer, detectable label, or entity
of interest to be delivered into a target cell for the preparation of the conjugate and the

novel PAR agonist or the composition comprising the same.

The above disclosure generally describes the present invention. Unless otherwise stated, a
term as used herein is given the definition as provided in the Oxford Dictionary of
Biochemistry and Molecular Biology, Oxford University Press, 1997, revised 2000 and
reprinted 2003, ISBN 0 19 850673 2. Several documents are cited throughout the text of
this specification, either by direct reference or numbering in parenthesis and listed
separately. The contents of all cited references (including literature references, issued
patents, published patent applications as cited throughout this application including the
background section and manufacturer's specifications, instructions, etc.) are hereby
expressly incorporated by reference; however, there is no admission that any document
cited is indeed prior art as to the present invention. A more complete understanding can be
obtained by reference to the following specific Examples which are provided herein for
purposes of illustration only and are not intended to limit the scope of the invention.
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EXAMPLES

Example 1: Design of novel PAR ligands

The innovative aspect of the invention includes the regio-selective conjugation of a PAR
ligand illustrated by a PAR2-activating peptide with a suitable linker molecule, which
provides the ability to chemically link the PAR2 agonist P8 to a certain target molecule,
while maintaining its capability of receptor activation (Fig. 1). In brief, diethylenglycol
(DEG) has been used as a spacer molecule bridging the hexapeptide SLIGRL-NH> (PAR2
agonist, SerLeulleGlyArgLeu-NH>) with the linker molecule lysine (Fig. 1 A,B). This
DEG spacer, besides its high conformational flexibility, provides a defined distance
between the PAR-ligand, here PAR2-activating peptide and the amine at the alpha-carbon
of lysine, which is required for further conjugation of the novel PAR2 agonist P8 to
selected target molecules. It should be noted, that based on the molecular modelling data
provided in Example 3 the spacer can be modified in length and structure to modulate the
interactions between PAR and the ligand. In particular this includes strengthening the
binding by interactions outside of the binding site for the activating peptide. For example,
while here two ethylenglycol units (DEG) have been used, it may well be extended to
polyethylenglycol (PEG) depending on specific demands of an application. For example,
when the PAR-ligand, e.g. PAR2 agonist will be attached to complex surfaces of micro
vesicles or other nano-/micro-particles, it might be critical that the PAR ligand is more

exposed to the environment and distant from the carrier surface.

Finally, the amino acid side chain of the linker, here lysine is derivatized with a detectable
label, here S-carboxyfluorescein (5-FAM, Fig. 1), a common fluorophore, which enables
photochemical detection, as well as quantification of the novel PAR ligand after its
attachment to selected target molecules. Together with a cell type specific receptor ligand,
such PAR ligand labelled particles can be employed as target specific drug delivery
systems with enhanced therapeutic efficiency at target cells or tissues. One significant
advantage in relation to this includes the possibility to monitor the time dependent
internalization of PAR ligand labelled particles, e.g. PAR2 agonist P8-labelled particles
into cells without any chemical interference of the 5-FAM, which will be discussed more

in detail below.

Interestingly, a recent publication focusing on PAR2-selective agonist mutagenesis
demonstrated that the first two residues 2-furoyl and leucine in the potent PAR2 agonist
peptide 2-furoyl()L)IG@RL)-NHa, a 10-20 fold more effective derivative of SLIGRL-
NH; [1], are the crucial factors for ligand affinity and activity relative to the glycine and
leucine at position 4 and 6 in the peptide [2]. In summary, it can be specified that the N-
terminal part of the PAR2 agonist peptide depict the more crucial region for ligand
binding, specificity and PAR activation. In contrast to the current knowledge publicly
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available, the novel approach of the present invention, using DEG as a relatively linear
and sterically simple linker for the derivatization of the serine in SLIGRL-NH;,
surprisingly and against all expectations lead to an active compound exhibiting PAR2
activation and downstream signaling in vifro and therefore represents a complete new type

of synthetic PAR agonists.

Example 2: Synthesis of novel PAR ligands

In order to isolate and biochemically characterize the novel PAR ligands a synthesis
strategy (Fig 2) has been established and optimized by way of illustration with the novel
PAR?2 agonist P8. However, though less preferred other synthesis strategies could be used
to obtain ligands of this invention.

Formation of Fam5/6-Lysine(Fmoc)-NHS-ester P2

CH,
| cr
N NH*
HC’\NC T \CH;, O.@
o EDC ‘
505 MW: 191; CaHy7N3 + HCL o
L. ;r il So o
HN

(oMF Hy 80y
© o.n., RT o 0N
in the dark N~

Sulpho-NHS o o
(1) MW: 194; C4H4NOgS 2)
MW: 726; CaoHaaN2010 MW: 802; CasHasN3O15S
200 mg (275.1 pmol, 1 eq.) of Fam5/6-Lysine(Fmoc) (1) were dissolved in 30 mL of fresh

and amine free DMF and transferred into a 100 mL reaction flask. 262.72 mg (1.375
mmol, 5 eq.) of EDC were dissolved in fresh and amine free DMF and subsequently added
to (1). 246 mg (1.268 mmol, 4.6 eq.) of sulpho-NHS were dissolved in 10 mL of fresh and
amine free DMF and added to the reaction mix. The reaction flask was covered with
aluminium foil to protect the fluoresceine from light and the reaction mix was stirred over
night (0.n.) at room temperature (RT) under argon atmosphere to avoid hydrolysis of the
formed ester (2). The reaction progress was analyzed by TLC: THF:acetonitrile 3:1, R¢ (2)
= (.41. The solvent was evaporated and the product was washed 3 times with 10 mL
acetonitrile and dissolved in 5 mL THF:acetonitrile (3:1), whereas brown precipitate was
discarded. The ester (2) was purified employing silica-gel chromatography with gravity
flow. The column (500 mm length, 20 mm diameter) was packed with 90 mL silica-gel
(MP Silica 32-63, 60A, EcoChrom®) and equilibrated with THF:acetonitrile (3:1). The 5
mL reaction mix (2) was loaded onto the column and 20 fractions, 10 mL each, were
collected and further analyzed by TLC (THF:acetonitrile, 3:1). Elution fractions 5-9
showed the majority of product (2) and were pooled. The solvent was evaporated and the
product (2) (P2) dried under vacuum (<107 mbar). 225.6 mg = 82 % yield. P2 was
analyzed and confirmed by mass spectrometry:

ESI-MS negative mode, m/z: 902 [M] (anion)
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Formation of DEG(Fmoc)-SLIGRL P53

PFP
MW: 184; CeHF50

E o N"’VQWU”\“’;@ +H2/<”/ -——DZE———-—) o u/\/o\/\o’ﬁr \,\/LLm

(4) SLIGRL (5)
MW: 551, Ca7H22F5NOsg MW: 656; CagHssN1007 MW 1023; CsoHr7N11O12

Rq = Leu-lle-Gly-Arg-Leu-NH3

100 mg (152.4 umol, 1 eq.) SLIGRL-NH2 (4) were dissolved in 3 mL of fresh and amine
free DMF and transferred into a 50 mL reaction flask. 75.57 mg (137.16 umol, 0.9 eq.) of
Fmoc protected diethylenglycol-pentafluorophenol (3) were dissolved in 10 mL of fresh
and amine free DMF and added to (4). The reaction mixture was filled up to 20 mL final
reaction volume, with fresh and amine free DMF and stirred for 4 h at RT under argon
atmosphere. The reaction progress was analysed by TLC: THF:acetonitrile 3:1, R (§) =
0.63. The solvent was evaporated and the reaction mix concentrated to 5-10 mL. Product
(5) was purified employing silica-gel chromatography with gravity flow. The column (500
mm length, 20 mm diameter) was packed with 60 mL silica-gel (MP Silica 32-63, 60A,
EcoChrom®) and equilibrated with THF:acetonitrile (3:1). The 5-10 mL reaction mix (§)
was loaded onto the column and washed with 100-140 mL THF:acetonitrile (3:1). Product
(5) was then eluted with THF/MeOH (1:1). 10 fractions, 10 mL each, were collected and
further analyzed by TLC (THF:acetonitrile, 3:1). Elution fractions 6-9 showed the
majority of product (5) and were pooled. The solvent was evaporated and the product (5)
(P5) was concentrated to 5 mL. P5 was analyzed and confirmed by mass spectrometry:
ESI-MS negative mode, m/z: 1022 [M-HJ

ESI-MS positive mode, m/z: 1024 [M+H]*

Tandem MS/MS of 1024, positive mode, m/z: 1024 [M+H]*, 894 [M+H,-H,0,-Leu]", 802
[M+H,-Fmoc]*, 738 [M+H,-H20,-Leu,-Arg]*, 681 [M+H,-H20,-Leu,-Arg,-Gly]*, 568
[M+H,-H0,-Leu,-Arg,-Gly,-Ile]*, 455 [M+H,-H20,-Leu,-Arg,-Gly,-Ile,-Leu]"
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Formation of NH»-DEG-SLIGRL P6

O 20 % Piperidine
O D | in DMF | O
L o H 30 min, RT o I':ll
. O u/\/ \/\O/\n/ \(‘Lm HzN/\/ \/\O/Y Ry
O 0 oH ; © OH

=+ )
6 ' b MW: 801; CasHs7N11O10
MW: 263; C1gH21N R = Leu-lle-Gly-Arg-Leu-NH;

5 mL of fresh and amine free DMF were added to the 5 mL of product (5) and transferred
into a 50 mL reaction flask. 5 mL of amine free piperidine and 10 mL of DMF were mixed
and added to (5) to reach a final reaction volume of 25 mL containing 20 % (v/v)
piperidine. The reaction was stirred for 30 min at RT. The reaction progress was analyzed
by TLC: THF:acetonitrile 3:1, Rr (5) = 0.61, Rf (6) = 0.81. The solvent was evaporated
and reaction products were separated by organic phase extraction. The reaction products
were washed 3 times with 20 mL acetonitrile and finally dissolved in 10 mL acetonitrile.
The acetonitrile phase was washed 4 times with 10-20 mL n-heptane. n-heptane phases
were pooled and washed 4 times with 20 mL acetonitrile. All n-heptane as well as
acetonitrile phases were pooled and solvents were evaporated, respectively. TLC analysis
confirmed the majority of product (6) to be present in the acetonitrile phase and impurities
and possible side products to be mainly present in the n-heptane phase. Product (6) (P6)
was dried under vacuum (<10 mbar). 60 pumol = 39 % yield. P6 was analyzed and
confirmed by mass spectrometry:
ESI-MS negative mode, m/z: 800 [M-H}
ESI-MS positive mode, m/z: 802 [M+H]"
Tandem MS/MS of 802, positive mode, m/z: 802 [M+H], 672 [M+H,-H20,-Leu]", 516
[M+H,-H20,-Leu,-Arg]*, 459 [M+H,-H20,-Leu,-Arg,-Gly]"

{5}
MW: 1023; CsoH77N11012

Formation of Fam5/6-Lysine(Fmoc)-]

{2) in DMF

o.n., 4°C
H 9 (2-4 h, RT)
in the dark

Q

(8) S0 (7)
HO-N
MW: 801; CasHerN11010 MW: 1509; C77HgoN13019

Q

Sulpho-NHS
MW: 194; C4HaNQe3 Ry = Leu-lle-Gly-Arg-Leu-NHz
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60 pmol (6) and 120 pmol (2) were dissolved in 10 mL fresh and amine free DMF (P6:
1.2 mM, P2: 2.4 mM final conc.) and transferred into a 50 mL reaction flask. The reaction
flask was covered with aluminium foil to protect the fluoresceine from light and the
reaction mix was stirred over night at room temperature under argon atmosphere to avoid
hydrolysis of the ester (2).

The reaction progress was analyzed by TLC: THF:acetonitrile 3:1, R¢ (7) = 0.72, R¢ (6) =
0.85, R¢ (2) = 0.41. The solvent was evaporated and the reaction mix washed 3 times with
20 mL fresh and amine free DMF and dried under vacuum (<10 mbar). P7 was identified
by mass spectrometry:

ESI-MS negative mode, m/z: 1508 [M-H]

ESI-MS positive mode, m/z: 1510 [M+H]"

Tandem MS/MS of 1510, positive mode, m/z: 1510 [M+H]*, 1380 [M+H,-H0,-Leu]",
1288 [M+H,-Fmoc]*, 1224 [M+H,-H;0,-Leu,-Arg]", 1167 [M+H,-H20,-Leu,-Arg,-Gly]",
1036 [M+H,-2H,0,-Leu,-Arg,-Gly,-Ile]", 923 [M+H,-2H20,-Leu,-Arg,-Gly,-Ile,-Leu]"

Formation of Fam5/6-Lysine-DEG-SLIGRL P8

(7) Q; + (®)

2}
MW: 1509; Cy7HagN13010 O Q MW: 1287; Ce2HaaN13017

MW: 263; C1eH21N R1 = Leu-lle-Gly-Arg-Leu-NH>

The reaction mix (7) was dissolved in 10 mL fresh and amine free DMF and transferred
into a 50 mL reaction flask. 4 mL of amine free piperidine and 6 mL of DMF were mixed
and added to the reaction mix (7) to reach a final reaction volume of 20 mL containing 20
% (v/v) piperidine. The reaction flask was covered with aluminium foil to protect the
fluoresceine from light and the reaction mix was stirred for 30 min at room temperature.

The reaction progress was analyzed by TLC: THF:acetonitrile 3:1, R¢ (8) = 0.05, Rt (6) =
0.66. The solvent was evaporated and the reaction mix washed 3 times with 20 mL DMF
and finally concentrated to 1 mL. 2 mL methanol was added and (8) was purified by
preparative HPLC employing a Sphinx RP (C18/Phenol, 250/8, 5um, Macherey-Nagel)
column with UV detection at 490 nm. The reaction products were separated on the column
applying an elution gradient of acetonitrile in 0.1 % acetic acid containing ddH>O
increasing from 20 % acetonitrile to 100 % within 30 min at a flow rate of 4 mL/min. The
product (8) P8 was eluted at R; = 8.5 min (42.7 % ACN). Elution fractions containing (8)
were collected, pooled and the solvent was evaporated. Remaining acetic acid was
removed by gel-filtration chromatography using a Sephadex G25 column (GE



10

15

20

25

30

35

40

17.-

WO 2019/057988 PCT/EP2018/075955

HealthCare) and ddH»O as eluent. Aqueous (8) fractions were pooled and freeze-dried. 40
umol = 26.2 % yield. P8 was analyzed and confirmed by mass spectrometry:

ESI-MS negative mode, m/z: 1286 [M-HJ

ESI-MS positive mode, m/z: 1288 [M+H]*, 1310 [M+Na]*

Tandem MS/MS of 1288, positive mode, m/z: 1288 [M+H]", 1158 [M+H,-H,0,-Leu]",
1002 [M+H,-H20,-Leu,-Arg]*, 945 [M+H,-H20,-Leu,-Arg,-Gly]", 814 [M+H,-2H,0,-
Leu,-Arg,-Gly,-Ile]", 701 [M+H,-2H20,-Leu,-Arg,-Gly,-Ile,-Leu]”

In the synthesis method preferably employed in accordance with the present invention the
critical step in the synthesis represents the conjugation of DEG, or another suitable linker,
to the free N-terminus of the ligand, i.e. preferably amine, hydroxyl or thiol of a peptide,
preferably amine of a serine such as in in SLIGRL-NH; (reaction (3) + (4) to (5), Fig 2).
Previously, it has been reported that exchanges of amino acids or other chemical
modifications in the tethered ligand (TL) sequence lead to a significant reduction in PAR
activation potential and subsequent signal transduction or even completely abolished the
receptor activation potential [2,3]. For example, Maryanoff et al. observed that the
mutation of leucine to alanine in position 2 of either the PAR2 agonist peptides
SLoIGRL-NH; (derived from rodent PAR2 TL) and SL)IGKV-NH:z (derived from
human PAR2 TL) abolished the PAR2 activation potential of the ligand, whereas
activation of PAR2 for the other five possible alanine mutations was still detected [3].
Moreover, acetylation of the serine in position 1 in both, Sy LIGRL-NH; and S¢)LIGKV-
NH; abolished the PAR2 activation potential, strongly indicating the importance of the
free amine at the N-terminus of the PAR2 agonist peptide. However, the mutation of the
serine to threonine retained ligand activity, whereas the exchange to phenylalanine lead to
an inactive compound [3], suggesting that the correct positioning of a polar group, such as
sulphydryl or hydroxyl group of the amino acid side chain, as in serine or threonine is

important for ligand binding.

Example 3: Design of novel PAR ligands by simulating molecular receptor-ligand
interactions (ligand docking simulations)
To investigate the receptor binding ability of PAR ligands, ligand-docking simulations
were performed using the homology model of human PAR2 together with the intermediate
compound P6 as well as the novel PAR2 agonist P8 (Fig. 3 A and B). The homology
model of human PAR2 was generated using the crystal structure of human PAR1 (PDB
3VWY7) as template structure. In both cases, PAR2-ligand complexes were obtained, in
which the synthetic compounds P6 and P8 were localized at the proposed binding site,
similar to that described by others [4,5]. Interestingly, it can be seen from Fig. 3 B that the
novel PAR2 agonist P8 is oriented in a way that the sterically demanding fluorophore 5-
FAM is located outside of the proposed binding pocket, allowing the biological active
SLIGRL-NH, portion of the ligand to be located deep inside the receptor binding cleft.
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However, both, the well-defined orientation of P8 in the binding pocket and its sterically
complex 5-FAM part might reduce the affinity to the receptor and thus also be the reason
for the decreased PAR2-activation potential observed in the calcium mobilization assay
(Fig. 4C).

This in silico molecular docking simulation represent a powerful tool to investigate
potential intermolecular receptor-ligand interactions. In consequence, the model for P8
interactions with PAR2 described here provides the basis for the design of chemical
modifications of PAR ligands, which then can be screened and tested for enhanced or
modulated biological activities as described below, which covers selectivity and cell
activation potential of such PAR agonists. In addition, selected biophysical methods, such
as saturation transfer difference-nuclear magnetic resonance spectroscopy (STD-NMR),
can be employed to empirically determine thermodynamic receptor-ligand interaction
parameters, including association and dissociation constants as well as binding affinities

[6].

Example 4: Modified PAR ligands trigger intracellular calcium meobilization

To test whether the modified PAR ligands such as the synthesis intermediates as well as
the final compound P8 are capable of binding and activating PAR in vitro a calcium-based
cell activation assay was established on the basis of the assay for measurement of
intracellular Ca?" mobilization described in Kelm et al., J. Exp. Med. 195 (2002), 1207-
1213, which can be used directly on PAR, i.e. PAR2 expressing cells.

SOP: Measurement of intracellular Ca** mobilization

e Thaw 1 aliquot of frozen (from liquid N») HEK293 cells (careful at RT)

e Provide 10 mL of DMEM (Dulbecco’s Modified Eagle Medium, phenol red
free!) containing 10% FCS, antibiotics (50 pg/mL gentamicin final conc.) on a 10
cm cell culture plate

e Add cells to the plate and grow them at 37°C, 8 % COz until 60-70 % confluency
(one cell layer on the plate)

e Wash the cells 3 x with 10 mM PBS (phosphate buffer saline), pH 7.4

e Add 10 mL of fresh DMEM (phenel red free!) and carefully resuspend the cells

e Count the cells employing a flow cytometer and dilute to 3 x 10° cells/mL in
DMEM (phenol red free!)

e Pipette 1 ml of the diluted cell suspension in each well of a 24-well cell culture
plate

e Add 30 pL of Pluronic® F-127 (0.01 % (v/v) final conc., P2443 Sigma-Aldrich)
and 15 pL of Indo 1-AM ester in DMSO (15 pM final conc., 13261 Sigma-
Aldrich) to the cell suspension

e Incubate for 45 min at 37°C, 8 % COay, in the dark
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e Henceforward keep the cells in the dark
e Remove cells from the culture plate and subsequently wash 1 x with 15 mL of
HEPES buffer (100 mM HEPES, pH 7.4) to remove excess Indo 1-AM ester and
resuspend cells in 1 mL HEPES buffer (100 mM HEPES, pH 7.4)
e Add 10 pL propidium iodide (PI: final conc. 100 ng/mL, P4864 Sigma-Aldrich) to
the cell suspension and immediately perform flow cytometry analysis
e Perform flow cytometry analysis using the appropriate laser/filter sets (CyFlow®
Cube 8 Sysmex):
Indo 1-AM: Aexcitationmax 345 nM, Aemissionmax 400 nm (Ca®* bound), Aemissionmax 475 nm
(Ca®" free), (excitation: UV-LED, emission: FL4 channel, 455/50 nm)
PIL: Aexcitationmax 535 nm (DNA-bound), Aemissionmax 617 nm (DNA-bound), (excitation: 488
nm laser, emission: FL2 channel, 590/50 nm)
e For PAR-2 activation, add the appropriate amount of activator (SLIGRL: 50 uM
final conc., trypsin: 40 Units (TRYPSEQM-RO Roche), P6 or P8: 100 — 200 uM
or 200 — 400 pM respectively) to the cell suspension (containing 15 nmol Indo 1-
AM ester) and immediately perform flow cytometry analysis
e Determine the decrease in relative fluorescence intensity (due to the shift from
unbound towards calcium bound Indo 1-AM complexes) after PAR mediated
activation of HEK293 cells
As described above, activation of PARs leads to the initiation of a variety of signal
transduction pathways and downstream signaling. One consequence of PAR activation
presents the intracellular calcium mobilization from storage reservoirs of the endoplasmic
reticulum (ER) and mitochondria into the cytosol. These changes in intracellular free
calcium concentrations can be detected using a calcium sensitive fluorescence probe,
which exhibits a concentration dependent change in spectral response upon calcium
binding [7]. In the present assay the Indo-1 AM fluorophore was used, which is an
esterified derivative of Indo-1 and thus able to penetrate the cell membrane. Upon uptake
into the cytoplasm, present esterases will transfer the ester into the carboxylate, which is
then trapped in the cell due to its obtained negative charges. A shift in Indo-1 AM
emission from 480 nm (calcium free Indo-1 AM) to 400 nm (calcium bound Indo-1 AM)
can be detected employing a flow cytometer, when bound to free calcium.

In brief, we preincubated PAR2-expressing HEK293 (human embryonic kidney) cells
with Indo-1 AM and subsequently removed excess dye by washing the cells thoroughly.
PAR2 activation was initiated either with trypsin, free PAR2 agonist peptide SLIGRL-
NH2 or with our intermediate compound P6 as well as the synthetic agonist P8 right
before flow cytometry analysis (Fig. 4). Both, P6 and P8 induced a shift in relative
fluorescence intensity (RFI) of the cells relative to the untreated sample (Fig. 4 A-C),
demonstrating their capability to activate PAR2 triggering subsequent intracellular
calcium mobilization. However, the relative potential of PAR2 activation decreased from
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SLIGRL-NH,, to P6 and further to P8 (Fig. 4 A-C), which might represent a direct
consequence due to the N-terminal derivatization of SLIGRL-NH: as discussed above.

Example 5: PAR ligand mediates internalization of conjugated biological entity of
interest into a target cell

By way of example with the novel PAR2 agonist P8, the potential of PAR ligand-

conjugates of the present invention to mediate the internalization of an entity of interest,

here a nanoparticle when immobilized onto its surface was tested. Therefore, as proof-of

concept iron oxide nanoparticles (IONP) [8,9] were used as model particles for the

derivatization with the PAR ligand P8 and subsequent endocytosis.

Formation of P8-labelled IONPs

The formation of P8-labelled IONPs is illustrated in Fig. 7. 561.8 pL of DMSA
derivatized IONP suspension (20 umol iron content, IONPs were pipetted into a 1.5 mL
Eppendorf reaction tube and mixed with 413.75 pL of ddH20. 20 pL of a 10 mM EDC
(200 mmol) stock solution and 1 uL of a 500 mM NHS (500 nmol) stock solution were
added to the IONP suspension and gently mixed. The reaction mix was incubated on a
thermoblock for 30 min at 37°C. After the incubation 3.45 pL of a 29 mM P8 (100 nmol)
stock solution were added to the suspension. The reaction tube was covered with
aluminium foil and the reaction mix was further incubated on a rotation wheel (12 rpm)
over night at RT. The reaction mix was filtered through a 22 um filter (3000 x g, 5 min,
22°C). The flow-through containing the P8 derivatized IONPs was collected and 1 mL
ddH20 was added on top of the filter and centrifuged again (3000 x g, 5 min, 22°C). Both
flow-through were pooled and transferred into a VivaSpin6® filtration unit (10 kDa cut
off, Sartorius) and centrifuged for 5 min at 1000 x g, 22°C. The flow-through was
discarded and 6 mL ddH>O was added on top of the Vivaspin6 unit and centrifuged again
(1000 x g, 15 min, 22°C). This washing step was repeated three times.

RECTIFIED SHEET (RULE 91) ISA/EP
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The washed P8 derivatized IONP suspension was concentrated to 1 mL and characterized

by flow cytometry.

SOP: PAR2 mediated endocytosis assay
e Culture HaCaT (cultured human keratinocytes) cells in DMEM (Dulbecco’s
Modified Eagle Medium, phenol red free!) supplemented with 10 % (w/v) FCS
and antibiotics (gentamicin: 50 pg/mL final conc.) in a 10 cm cell culture plate at a

confluency (one cell layer on the plate) of 60-70 %
e Count the cells and dilute to 1-2 x 10* cells/mL in DMEM (phenol red free!)
e Incubate 1 mL of the diluted cell suspension in each well of a 24-well cell culture
plate supplemented with 10 % (w/v) FCS (containing gentamicin at a final conc. of
50 pg/mL) on a glass coverslip for 24 h at 37°C, 5% CO
e Discard the supernatant and carefully wash the cells 3 times with 500 p. DMEM
(phenol red free, without FCS!)
e Incubate the cells for 24 h at 37°C, 5% CO: (DMEM without serum addition,
phenol red free only!)
e Add CaCl; solution to reach a final concentration of 1.5 mM in the medium when
using Ca’’-free medium (induction of cell differentiation)
e For PAR2 activation
with trypsin:
® Add 500 pL trypsin (T4549 Sigma-Aldrich) in PBS (0.05 % (w/v) final conc.) to
the cells and incubate for 45 sec at 37°C, 5% CO;
® Stop the treatment by washing the cells 3 x with DMEM containing 10 % (w/v)
FCS, to inhibit trypsin activity and prevent subsequent cell damage, and 1 x with
FCS-free DMEM
® Add particles, for example OregonGreen® labelled IONPs (iron oxide nano
particles [1,2], 100 - 150 nmol final iron content in solution) as model particles to
monitor endocytosis, in DMEM to the cells and incubate for 2 h at 37°C, 5% CO»

with SLIGRL;:

® Add 500 pL of a solution containing SLIGRL (500 nM final conc.) and particles,
for example OregonGreen® labelled IONPs (100 - 150 nmol final iron content in
solution), as model particles to monitor endocytosis, in DMEM to the cells and
incubate for 2 h at 37°C, 5% CO»
with P8-labelled IONPs:

® Add P8-labelled IONPs in DMEM to the cells (100 - 150 nmol final iron content
in solution) and incubate for 2 h at 37°C, 5% CO;
e  Wash the cells 3 x with 1 mL 10 mM PBS (phosphate buffer saline), pH 7.4
e Determine phagocytosis efficiency employing fluorescence microscopy
(ApoTome.2, Zeiss):
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DAPI Staining: Kexcitationnmax 358 nm (DNA"bound), }\,cmission,max 461 nm (DNA‘bound)
OregonGreen® labeled IONPs: kexcitation,max 501 nm, xemission,max 526 nm
P8-labelled IONPs: }hexcitation,max 495 nm, xemission,max 520 nm

An endocytosis assay was used to test whether the PAR ligand-conjugate, i.e. PAR2
agonist P§ enhances the uptake of IONPs into PAR, here PAR2 expressing keratinocytes,
when immobilized to the surface of the IONP. In brief, cultured keratinocytes were serum-
starved for 24 hours to trigger translocation of PAR receptors to the cell surface [10]. P8-
conjugated IONPs were incubated for 2 hours together with the keratinocytes. After the
incubation, cells were washed thoroughly for several times and internalization of the
modified IONPs was analyzed employing fluorescent microscopy (Fig. 5, lower right
corner). Fig. 5 illustrates the successful uptake of our P8 modified IONPs (green dots) into
cultured keratinocytes (cell nuclei are stained with DAPI: 4',6-diamidine-2'-phenylindole).
It should be noted that the green dots do not represent single IONPs, since the signal of
one fluorescently labelled IONP is far too weak to be detected with this method. In fact,
only accumulated fluorescently labelled IONPs produce such relatively strong signals,
also depending on the nature of the conjugated fluorophore. Thus, the internalized PAR
ligand modified IONPs are located in microvesicles, such as endosomes or lysosomes

[11].
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10.

Claims

A conjugate capable of triggering target specific cellular uptake of an entity of

interest comprising:

(a) a protease activated receptor (PAR)-binding ligand; and covalently attached
thereto

(b) a linker molecule which provides the ability to be chemically linked to the
entity of interest; and optionally

(¢) the entity of interest conjugated to the linker.

The conjugate of claim 1, wherein the linker is attached to the ligand by a spacer
molecule, preferably diethylenglycol (DEG) or polyethylenglycol (PEG).

The conjugate of claim 1 or 2, wherein the PAR is PAR2, preferably human PAR
and PAR2, respectively.

The conjugate of any one of claims 1 to 3, wherein the ligand is a PAR activating
peptide or derivative thereof, preferably wherein the peptide has a serine at the N-
terminus and/or the carboxylate at the C-terminus modified to a primary amide.

The conjugate of claim 4, wherein the linker is directly or indirectly attached to the
N-terminus of the peptide, preferably at the free amine of the serine.

The conjugate of claim 4 or 5, wherein the PAR activating peptide comprises the
amino acid sequence SLIGRL (SEQ ID NO: 1), SLIGKV (SEQ ID NO: 2), or a
derivative thereof, preferably SLIGRL-NH; or SLIGKV-NH>.

The conjugate of any one of claims 1 to 6, wherein the linker molecule is lysine.

The conjugate of any one of claims 1 to 7, wherein the linker comprises a detectable
label, preferably a fluorophore such as 6-carboxyfluorescein (6-FAM) und 5-
carboxyfluorescein (5-FAM) or a mixture thereof.

The conjugate of any one of claims 1 to 8, wherein the entity of interest is a
diagnostic, cosmetic or therapeutic agent, a cell, a micro-vesicle or other nano- or
micro-particle, preferably iron oxide nanoparticle (IONP).

A PAR ligand comprising or consisting of a PAR activating peptide or derivative
thereof such as defined in any one of claims 4 to 7, which is modified with a
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11.

12.

13.

14.

15.

functional moiety at its N-terminus, preferably at a serine, preferably wherein the

functional moiety is spacer or linker molecule.

A composition or kit comprising the conjugate of any one of claims 1 to 9 or PAR

ligand of claim 10, preferably which is

(i) a pharmaceutical composition and comprises a pharmaceutically acceptable
carrier; or

(ii) is a diagnostic composition and optionally comprises suitable means for
detection of the ligand,

preferably wherein the conjugate comprises the entity of interest.

A conjugate of any one of claims 1 to 9 or composition of claim 11 for use in the
treatment, diagnosis or monitoring of a disease or condition related to the over-
expression of PAR in a cell, preferably wherein the disease is cancer or for the

modulation of a cell expressing PAR in vitro.

Use of a PAR ligand, linker, spacer, detectable label, or entity of interest to be
delivered into a target cell for the preparation of the conjugate of any one of claims 1
to 9, the PAR agonist of claim 10 or the composition of claim 11.

A method of preparing a PAR agonist or a conjugate capable of triggering target

specific cellular uptake of an entity of interest comprising:

(a) coupling a spacer molecule (3) at the free amine group of the N-terminal
serine of a PAR ligand, preferably a PAR activating peptide (4) so as to obtain
an intermediate modified PAR ligand (5, 6), preferably a PAR agonist (6); and
optionally

(b) coupling a bi-or multivalent linker (1, 2) which provides the ability to be
chemically linked to the entity of interest to the spacer molecule of the
modified PAR ligand (6), preferably wherein the linker comprises a detectable
label (7), so as to obtain a further modified PAR ligand (8); and optionally

(¢) conjugating the entity of interest to the linker, preferably via a free amino
group of the linker so as to obtain a conjugate of the PAR ligand and the entity

of interest.

The method of claim 14, wherein prior, during or after any one of steps (a) to (c) the
potential intermolecular receptor-ligand interaction is determined based on ligand-
docking simulations using a homology model of PAR, preferably human PAR2
together with the intermediate ligand or conjugate either with or without the entity

of interest.
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Fig.6 (continued)
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- / -

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
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means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
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the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

6 December 2018
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1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was

carried out on the basis of a sequence listing:
a. forming part of the international application as filed:
in the form of an Annex C/ST.25 text file.

D onh paper or in the form of an image file.

b. furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file.

c. D furnished subsequent to the international filing date for the purposes of international search only:

I:l in the form of an Annex G/ST.25 text file (Rule 13ter.1(a)).

D on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section 713).

2. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.
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X A. N. FLYNN ET AL: "Development of highly
potent protease-activated receptor 2
agonists via synthetic lipid tethering",
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line 18; figures 2, 3

A MCGUIRE J J ET AL:

"2-furoyl-LIGRLO-amide: a potent and
selective proteinase-activated receptor 2
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JOURNAL OF PHARMACOLOGY AND EXPERIMENTAL
THERAPEUTICS, AMERICAN SOCIETY FOR
PHARMACOLOGY AND EXPERIMENTAL
THERAPEUTICS, US,

vol. 309, no. 3, 1 June 2004 (2004-06-01),
pages 1124-1131, XP003000403,

ISSN: 0022-3565, DOI:
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