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USE OF isoQC INHIBITORS

Field of the invention

The present invention relates in general to an inhibitor of a

glutaminyl peptide cyclotransf erase-like protein (QPCTL) , and

the use thereof for the treatment and/or prevention of an

inflammatory disease or disorder.

Further, the present invention pertains to diagnostic kits and

methods based on the use of a said inhibitor.

Background of the Invention

Glutaminyl cyclase (QC, EC 2.3.2.5) catalyzes the intramolecular

cyclization of N-terminal glutamine residues into pyroglutamic

acid (pGlu*) liberating ammonia. A QC was first isolated by

Messer from the latex of the tropical plant Carica papaya in

1963 (Messer, M . (1963) Nature 4874, 1299) . 24 years later, a

corresponding enzymatic activity was discovered in animal

pituitary (Busby, W . H . J . et al . (1987) J Biol. Chem. 262,

8532-8536; Fischer, W . H . and Spiess, J . (1987) Proc. Natl.

Acad. Sci. U.S.A. 84, 3628-3632). For the mammalian QC, the

conversion of GIn into pGlu by QC could be shown for the

precursors of TRH and GnRH (Busby, W . H . J . et al . (1987) J

Biol. Chem. 262, 8532-8536; Fischer, W . H . and Spiess, J . (1987)

Proc. Natl. Acad. Sci. U.S.A. 84, 3628-3632). In addition,

initial localization experiments of QC revealed a co-

localization with its putative products of catalysis in bovine

pituitary, further improving the suggested function in peptide

hormone synthesis (Bockers, T . M . et al . (1995) J

Neuroendocrinol 7 , 445-453). In contrast, the physiological

function of the plant QC is less clear. In the case of the

enzyme from C . papaya, a role in the plant defense against

pathogenic microorganisms was suggested (El Moussaoui, A . et al .

(2001) Cell MoI Life Sci 58, 556-570) . Putative QCs from other

plants were identified by sequence comparisons recently (Dahl,

S . W . et al. (2000) Protein Expr. Purif. 20, 27-36). The



physiological function of these enzymes, however, is still

ambiguous .

The QCs known from plants and animals show a strict specificity

for L-Glutamine in the N-terminal position of the substrates and

their kinetic behavior was found to obey the Michaelis-Menten

equation (Pohl, T . et al . (1991) Proc. Natl. Acad. Sci U.S.A.

88, 10059-10063; Consalvo, A . P . et al . (1988) Anal. Biochem.

175, 131-138; Gololobov, M . Y . et al . (1996) Biol. Chem. Hoppe

Seyler 377, 395-398). A comparison of the primary structures of

the QCs from C . papaya and that of the highly conserved QC from

mammals, however, did not reveal any sequence homology (Dahl, S .

W . et al. (2000) Protein Expr. Purif. 20, 27-36). Whereas the

plant QCs appear to belong to a new enzyme family (Dahl, S . W .

et al. (2000) Protein Expr. Purif. 20, 27-36), the mammalian QCs

were found to have a pronounced sequence homology to bacterial

aminopeptidases (Bateman, R . C . et al . (2001) Biochemistry 40,

1124 6-11250), leading to the conclusion that the QCs from plants

and animals have different evolutionary origins.

Recently, it was shown that recombinant human QC as well as QC-

activity from brain extracts catalyze both, the N-terminal

glutaminyl as well as glutamate cyclization. Most striking is

the finding, that cyclase-catalyzed Glul-conversion is favored

around pH 6.0 while Glnl-conversion to pGlu-derivatives occurs

with a pH-optimum of around 8.0 (Schilling et al . (2004), FEBS-

Letters 563 (1-3) 191-196) . Since the formation of pGlu-A β-
related peptides can be suppressed by inhibition of recombinant

human QC and QC-activity from pig pituitary extracts, the enzyme

QC is a target in drug development for treatment of Alzheimer's

disease (Schilling et al. (2008), Nature Medicine 14, 1106-

1111) .

Moreover, it was shown recently in WO 2008/034891 that

isoenzymes of QC exist, designated as "isoQC" or "QPCTL".

Chemotactic cytokines (chemokines) are proteins that attract and

activate leukocytes and are thought to play a fundamental role



in inflammation. Chemokines are divided into four groups

categorized by the appearance of N-terminal cysteine residues

("C"-; "CC"-; "CXC"- and "CX3C"-chemokines) . "CXC"-chemokines

preferentially act on neutrophils. In contrast, "CC"-chemokines

attract preferentially monocytes to sites of inflammation.

Monocyte infiltration is considered to be a key event in a

number of disease conditions (Gerard, C . and Rollins, B . J .

(2001) Nat. Immunol. 2 , 108-115; Bhatia, M., et al . (2005)

Pancreatology. 5 , 132-144; Kitamoto, S., Egashira, K., and

Takeshita, A . (2003) J Pharmacol. ScI. 91, 192-196) . The MCP

family, as one family of chemokines, consists of four members

(MCP-I to 4), displaying a preference for attracting monocytes

but showing differences in their potential (Luini, W., et al .

(1994) Cytokine 6 , 28-31; Uguccioni, M., et al . (1995) Eur. J

Immunol. 25, 64-68).

A number of studies have underlined in particular the crucial

role of MCP-I for the development of atherosclerosis (Gu, L., et

al. (1998) MoI. Cell 2 , 275-281; Gosling, J., et al . (1999) J

Clin. Invest. 103, 773-778); rheumatoid arthritis (Gong, J . H.,

et al. (1997) J Exp . Med. 186, 131-137; Ogata, H., et al . (1997)

J Pathol. 182, 106-114); pancreatitis (Bhatia, M., et al . (2005)

Am. J Physiol. Gastrolntest . Liver Physiol 288, G1259-G1265) ;

Alzheimer's disease (Yamamoto, M., et al . (2005) Am. J Pathol.

166, 1475-1485); lung fibrosis (Inoshima, I., et al . (2004) Am.

J Physiol Lung Cell MoI. Physiol 286, L1038-L1044) ; renal

fibrosis (Wada, T., et al . (2004) J Am. Soc. Nephrol. 15, 940-

948), and graft rejection (Saiura, A., et al . (2004)

Arterloscler. Thromb. Vase. Biol. 24, 1886-1890) . Furthermore,

MCP-I might also play a role in gestosis (Katabuchi, H., et al .

(2003) Med. Electron Mlcrosc. 36, 253-262), as a paracrine

factor in tumor development (Ohta, M., et al . (2003) Int. J

Oncol. 22, 773-778; Li, S., et al . (2005) J Exp. Med 202, 617-

624), neuropathic pain (White, F . A., et al . (2005) Proc. Natl.

Acad. ScI. U .S .A ) and AIDS (Park, I . W., Wang, J . F., and

Groopman, J . E . (2001) Blood 97, 352-358; Coll, B., et al .

(2006) Cytokine 34, 51-55) .



The mature form of human and rodent MCP-I is posttranslationally

modified by Glutaminyl Cyclase (QC) to possess an N-terminal

pyroglutamyl (pGlu) residue. The N-terminal pGlu modification

makes the protein resistant against N-terminal degradation by

aminopeptidases, which is of importance, since chemotactic

potency of MCP-I is mediated by its N-terminus (Van Damme, J.,

et al. (1999) Chem. Immunol. 72, 42-56). Artificial elongation

or degradation leads to a loss of function although MCP-I still

binds to its receptor (CCR2) (Proost, P., et al . (1998), J

Immunol. 160, 4034-4041; Zhang, Y . J., et al . 1994, J Biol.

Chem. 269, 15918-15924; Masure, S., et al . 1995, J Interferon

Cytokine Res. 15, 955-963; Hemmerich, S., et al . (1999)

Biochemistry 38, 13013-13025) .

Due to the major role of MCP-I in a number of disease

conditions, an anti-MCP-1 strategy is required. Therefore, small

orally available compounds inhibiting the action of MCP-I are

promising candidates for a drug development. Such compounds are,

for instance, inhibitors of QC as shown in WO 2008/104580.

Atherosclerotic lesions, which limit or obstruct coronary blood

flow, are the major cause of ischemic heart disease related

mortality, resulting in 500,000 - 600,000 deaths annually.

Percutaneous transluminal coronary angioplasty (PTCA) to open

the obstructed artery was performed in over 550,000 patients in

the U.S. and 945,000+ patients worldwide in 1996 (Lemaitre et

al . 1996) . A major limitation of this technique is the problem

of post-PTCA closure of the vessel, both immediately after PTCA

(acute occlusion) and in the long term (restenosis) : 30% of

patients with subtotal lesions and 50% of patients with chronic

total lesions will progress to restenosis after angioplasty.

Additionally, restenosis is a significant problem in patients

undergoing saphenous vein bypass graft. The mechanism of acute

occlusion appears to involve several factors and may result from

vascular recoil with resultant closure of the artery and/or

deposition of blood platelets along the damaged length of the



newly opened blood vessel followed by formation of a fibrin/red

blood cell thrombus.

Restenosis after angioplasty is a more gradual process and

involves initial formation of a subcritical thrombosis with

release from adherent platelets of cell derived growth factors

with subsequent proliferation of intimal smooth muscle cells and

local infiltration of inflammatory cells contributing to

vascular hyperplasia. It is important to note that multiple

processes, among which thrombosis, cell proliferation, cell

migration and inflammation each seem to contribute to the

restenotic process.

In the U.S.A., a 30-50% restenosis rate translates to 120,000 -

200,000 U.S. patients at risk from restenosis. If only 80% of

such patients elect repeated angioplasty (with the remaining 20%

electing coronary artery bypass graft) and this is added to the

costs of coronary artery bypass graft for the remaining 20%, the

total costs for restenosis tretment easily amounts to billions

of dollars in the U.S.. Thus, successful prevention of

restenosis could result not only in significant therapeutic

benefit but also in significant health care savings.

As outlined above, monocyte chemoattractant protein 1 (MCP-I,

CCL2) belongs to a family of potent chemotactic cytokines (CC

chemokines) , that regulate the trafficking of leukocytes,

especially monocytes, macrophages and T-cells, to sites of

inflammation (Charo, I . F . and Taubman, M . B . (2004) Circ. Res.

95, 858-866). Besides its role in, e.g. vascular diseases,

compelling evidence points to a role of MCP-I in Alzheimer's

disease (AD) (Xia, M . Q . and Hyman, B . T . (1999) J Neurovirol.

5 , 32-41) . The presence of MCP-I in senile plaques and in

reactive microglia, the residential macrophages of the CNS have

been observed in brains of patients suffering from AD (Ishizuka,

K., et al. (1997) Psychiatry Clin. Neurosci. 51, 135-138).

Stimulation of monocytes and microglia with Amyloid- β protein

(A β) induces chemokine secretion in vitro (Meda,L., et al. (1996)

J Immunol. 157, 1213-1218; Szczepanik, A.M. , et al . (2001) J



Neuroimmunol . 113, 49-62) and intracerebroventricular infusion

of Aβ (i_42) into murine hippocampus significantly increases MCP-I

in vivo. Moreover, Aβ deposits attract and activate microglial

cells and force them to produce inflammatory mediators such as

MCP-I, which in turn leads to a feed back to induce further

chemotaxis, activation and tissue damage. A t the site of Aβ
deposition, activated microglia also phagocytose Aβ peptides

leading to an amplified activation (Rogers, J . and Lue, L . F .

(2001) Neurochem. Int. 39, 333-340) .

Examination of chemokine expression in a 3xTg mouse model for A D

revealed that neuronal inflammation precedes plaque formation

and MCP-I is upregulated b y a factor of 11. Furthermore, the

upregulation of MCP-I seems to correlate with the occurrence of

first intracellular Aβ deposits (Janelsins, M . C , e t al . (2005)

J Neuroinf lammation . 2 , 23) . Cross-breeding of the Tg2576 mouse

model for A D with a MCP-I overexpressing mouse model has shown

an increased microglia accumulation around Aβ deposits and that

this accumulation was accompanied b y increased amount of diffuse

plaques compared to single-transgenic Tg2576 littermates

(Yamamoto, M., et al . (2005) Am. J Pathol. 166, 1475-1485).

MCP-I levels are increased in CSF of A D patients and patients

showing mild cognitive impairment (MCI) (Galimberti, D., et al .

(2006) Arch. Neurol. 63, 538-543). Furthermore, MCP-I shows an

increased level in serum of patients with MCI and early A D

(Clerici,F., et al . (2006) Neurobiol. Aging 27, 1763-1768).

Osteoporosis is a disease of bone loss, typically as a result of

estrogen depletion. The process of osteoclastogenesis plays a

central role in osteoporosis. Osteoclastogenesis is a multistep

event involving not only the proliferation of preosteoclasts

from the monocyte and macrophage linage but also their

differentiation into osteoclasts. Enhanced osteoclast activity

is the main reason for bone loss mediated b y estrogen

deficiency. Binder et al. have shown that the chemokine recepter

CCR2 is involved in the pathomechanisms leading to

postmenopausal osteoporosis. Ccr2 ~/~ mice were protected from



estrogen deficiency-mediated bone loss, and this effect was

mediated via osteoclasts (Binder et al ., (2009) Nat Med. Apr;

15(4), 417-24). Moreover, estrogen was also shown to

downregulate MCP-I, and studies comparing pre- and post-

menopausal women showed that there is increased expression of

MCP-I in the latter group. Binder et al . further found that MCP-

1 deficient mice show only an intermediate bone phenotype, i.e.

that MCP-I is not the only ligand for CCR2 playing a role in

osteoporosis. They showed that MCP-3, which is also a ligand of

CCR2, has similar pro-osteoclastogenic effects in presence of

CCR2 and can substitute for MCP-I (Binder et al ., (2009) Nat

Med. Apr; 15(4), 417-24).

It is thus an object of the present invention to provide novel

possibilities for a treatment of inflammatory diseases. In

particular, it is desired to provide an improved approach to

affect the MCP family of chemokines, which consists of four

members (MCP-I, MCP-2, MCP-3, MCP-3 and MCP-4) . More

particularly, it is an object of the present invention to

provide an improved approach to affect the chemokine MCP-I.

These objects are solved by the present invention.

Summary of the invention

The present invention relates to inhibitors of an

isoglutaminyl peptide cyclotransf erase (isoQC) and the use

thereof for the treatment and/or prevention of a disease or

disorder selected from the group consisting of inflammatory

diseases selected from

a . chronic and acute inflammations, e.g. rheumatoid

arthritis, atherosclerosis, restenosis,

pancreatitis, osteoporosis

b . other inflammatory diseases, e.g. neuropathic pain,

graft rejection/graft failure/graft vasculopathy,

HIV infections/AIDS, gestosis, tuberous sclerosis,

Guillain-Barre syndrome, chronic inflammatory



demyelinising polyradiculoneuropathy and multiple

sclerosis,

c . neuroinf lamination, and

d . neurodegenerative diseases, e.g. mild cognitive

impairment (MCI), Alzheimer's disease,

neurodegeneration in Down Syndrome, Familial British

Dementia, and Familial Danish Dementia, which may

result from neuroinf lammation .

Inhibitors of isoQC are small orally available compounds, which

prevent the important step of pGlu-f ormation at the N-terminus

of peptide hormones and chemokines, e.g. the chemokines MCP-I,

MCP-2, MCP-3 and/or MCP-4. In consequence, caused by isoQC-

inhibition, the N-terminus of MCP-I, MCP-2, MCP-3 and/or MCP-4

is not protected by a pGlu-residue . Instead, the N-terminus

possesses a glutamine-proline motif, which is prone to cleavage

by aminopeptidases, e.g. dipeptidylpeptidases like

dipeptidylpeptidase 4 , other aminopeptidases, like

aminopeptidase P or aminopeptidase N , and fibroblast activating

protein (FAP, Seprase) , which are abundant on the endothelium

and within the blood circulation. This cleavage results in the

formation of N-terminal truncated MCP-I, MCP-2, MCP-3 and/or

MCP-4. These molecules unfold, in turn, an antagonistic action

at the CCR2 receptor and therefore, monocyte-related disease

conditions are inhibited efficiently. Particularly preferred in

this regard is the inhibition of the pGlu-f ormation at the N-

terminus of MCP-I.

Definitions

Enzyme inhibitors

Reversible enzyme inhibitors comprise

competitive inhibitors, non-competitive reversible inhibitors,

slow-binding or tight-binding inhibitors, transition state

analogs and multisubstrate analogs.



Competitive inhibitors show

i ) non-covalent interactions with the enzyme,

ii) compete with substrate for the enzyme active site,

The principal mechanism of action of a reversible enzyme

inhibitor and the definition of the dissociation constant can be

visualized as follows:

E-I

o f

E-S E-P

k
K - K -

The formation of the enzyme-inhibitor [E-I] complex prevents

binding of substrates, therefore the reaction cannot proceed to

the normal physiological product, P . A larger inhibitor

concentration [I] leads to larger [E-I], leaving less free

enzyme to which the substrate can bind.

Non-competitive reversible inhibitors

i ) bind at a site other than active site (allosteric binding

site)

ii) cause a conformational change in the enzyme which decreases

or stops catalytic activity.



Slow-binding or tight-binding inhibitors

i ) are competitive inhibitors where the equilibrium between

inhibitor and enzyme is reached slowly,

ii) (k
on

is slow) , possibly due to conformational changes that

must occur in the enzyme or inhibitor

a ) are often transition state analogs

b ) are effective at concentrations similar to the enzyme

cone, (subnanomolar KD values)

c ) due to koff values being so low these types of

inhibitors are "almost" irreversible.

Transition state analogs

are competitive inhibitors which mimic the transition state of

an enzyme catalyzed reaction. Enzyme catalysis occurs due to a

lowering of the energy of the transition state, therefore,

transition state binding is favored over substrate binding.

MuItisubstrate Analogs

For a reaction involving two or more substrates, a competitive

inhibitor or transition state analog can be designed which

contains structural characteristics resembling two or more of

the substrates.

Irreversible enzyme inhibitors: drive the equilibrium between

the unbound enzyme and inhibitor and enzyme inhibitor complex (E

+ I < > E-I) all the way to the right with a covalent bond

(-100 kcal/mole) , making the inhibition irreversible.

Affinity labeling agents

Active-site directed irreversible inhibitors (competitive

irreversible inhibitors) are recognized by the enzyme

(reversible, specific binding) followed by covalent bond

formation, and

i ) are structurally similar to substrate, transition state or

product allowing for specific interaction between drug and

target enzyme,

ii) contain reactive functional group (e.g. a nucleophile,

COCH 2Br) allowing for covalent bond formation.



The reaction scheme below describes an active-site directed

reagent with its target enzyme where K is the dissociation

constant and kinactivation is the rate of covalent bond

formation .

£+/<- ->£•/- iHac iva oH - - /

Mechanism-based enzyme inactivators (also called suicide

inhibitors) are active-site directed reagents (unreactive) which

binds to the enzyme active site where it is transformed to a

reactive form (activated) by the enzyme's catalytic

capabilities. Once activated, a covalent bond between the

inhibitor and the enzyme is formed.

The reaction scheme below shows the mechanism of action of a

mechanism based enzyme inactivator, where K is the dissociation

complex, k2 is the rate of activation of the inhibitor once bound

to the enzyme, k3 is the rate of dissociation of the activated

inhibitor, P , from the enzyme (product can still be reactive)

from the enzyme and k4 is the rate of covalent bond formation

between the activated inhibitor and the enzyme.

E + P

Inactivation (covalent bond formation, k4) must occur prior to

dissociation (k ) otherwise the now reactive inhibitor is

released into the environment. Partition ratio, k3/k4: ratio of



released product to inactivation should be minimized for

efficient inactivation of the system and minimal undesirable

side reactions.

A large partition ratio (favors dissocation) leads to

nonspecific reactions.

Uncompetitive enzyme inhibitors: From the definition of

uncompetitive inhibitor (an inhibitor which binds only to ES

complexes) the following equilibria can be written:

ESI

The ES complex dissociates the substrate with a dissociation

constant equal to K3, whereas the ESI complex does not dissociate

it (i.e has a K3 value equal to zero) . The Km' s of Michaelis-

Menten type enzymes are expected to be reduced. Increasing

substrate concentration leads to increasing ESI concentration (a

complex incapable of progressing to reaction products) ,

therefore the inhibition cannot be removed.

Preferred according to the present invention are reversible

enzyme inhibitors.

Most preferred according to the present invention are

competitive enzyme inhibitors.

The terms k1" or K1" and KD" are binding constants, which

describe the binding of an inhibitor to and the subsequent

release from an enzyme. Another measure is the "IC50" value,

which reflects the inhibitor concentration, which at a given

substrate concentration results in 50 % enzyme activity.



Pharmaceutically acceptable salts

In view of the close relationship between the free compounds and

the compounds in the form of their salts or solvates, whenever a

compound or inhibitor, respectively, is referred to in this

context, a corresponding salt or solvate is also intended,

provided such is possible or appropriate under the

circumstances .

Salts and solvates of the inhibitors of the present invention

and physiologically functional derivatives thereof which are

suitable for use in medicine are those wherein the counter-ion

or associated solvent is pharmaceutically acceptable. However,

salts and solvates having non-pharmaceutically acceptable

counter-ions or associated solvents are within the scope of the

present invention, for example, for use as intermediates in the

preparation of other compounds and their pharmaceutically

acceptable salts and solvates.

Suitable salts according to the invention include those formed

with both organic and inorganic acids or bases.

Pharmaceutically acceptable acid addition salts include those

formed from hydrochloric, hydrobromic, sulphuric, nitric,

citric, tartaric, phosphoric, lactic, pyruvic, acetic,

trif luoroacetic, triphenylacetic, sulphamic, sulphanilic,

succinic, oxalic, fumaric, maleic, malic, mandelic, glutamic,

aspartic, oxaloacetic, methanesulphonic, ethanesulphonic,

arylsulphonic (for example p-toluenesulphonic, benzenesulphonic,

naphthalenesulphonic or naphthalene-disulphonic) , salicylic,

glutaric, gluconic, tricarballylic, cinnamic, substituted

cinnamic (for example, phenyl, methyl, methoxy or halo

substituted cinnamic, including 4-methyl and 4-methoxycinnamic

acid) , ascorbic, oleic, naphthoic, hydroxynaphthoic (for example

1- or 3-hydroxy-2-naphthoic) , naphthaleneacrylic (for example

naphthalene-2-acrylic) , benzoic, 4 methoxybenzoic, 2- or 4-

hydroxybenzoic, 4-chlorobenzoic, 4-phenylbenzoic, benzeneacrylic

(for example 1 ,4-benzenediacrylic) , isethionic acids,

perchloric, propionic, glycolic, hydroxyethanesulf onic, pamoic,



cyclohexanesulf amic, salicylic, saccharinic and trifluoroacetic

acid. Pharmaceutically acceptable base salts include ammonium

salts, alkali metal salts such as those of sodium and potassium,

alkaline earth metal salts such as those of calcium and

magnesium and salts with organic bases such as dicyclohexylamine

and N-methyl-D-glutamine .

All pharmaceutically acceptable acid addition salt forms of the

inhibitors of the present invention are intended to be embraced

by the scope of this invention.

Examples of solvates include hydrates.

Polymorph crystal forms

Furthermore, some of the crystalline forms of the inhibitors may

exist as polymorphs and as such are intended to be included in

the present invention. In addition, some of the compounds may

form solvates with water (i.e. hydrates) or common organic

solvents, and such solvates are also intended to be encompassed

within the scope of this invention. The inhibitors, including

their salts, can also be obtained in the form of their hydrates,

or include other solvents used for their crystallization.

Prodrugs

The present invention further includes within its scope prodrugs

of the inhibitors of this invention. In general, such prodrugs

will be functional derivatives of the inhibitors, which are

readily convertible in vivo into the desired therapeutically

active inhibitors. Thus, in these cases, the methods of

treatment of the present invention, the term "administering"

shall encompass the treatment of the various disorders described

with prodrug versions of one or more of the itemed inhibitors,

but which convert to the above specified inhibitors in vivo

after administration to the subject. Conventional procedures for

the selection and preparation of suitable prodrug derivatives

are described, for example, in "Design of Prodrugs", ed. H .

Bundgaard, Elsevier, 1985 and the patent applications DE 198 28



113, DE 198 28 114, WO 99/67228 and WO 99/67279 which are fully

incorporated herein by reference.

Protective Groups

During any of the processes for preparation of the inhibitors of

the present invention, it may be necessary and/or desirable to

protect sensitive or reactive groups on any of the molecules

concerned. This may be achieved by means of conventional

protecting groups, such as those described in Protective Groups

in Organic Chemistry, ed. J .F .W . McOmie, Plenum Press, 1973; and

T .W . Greene & P .G .M . Wuts, Protective Groups in Organic

Synthesis, John Wiley & Sons, 1991, fully incorporated herein by

reference. The protecting groups may be removed at a convenient

subsequent stage using methods known from the art.

A s used herein, the term "composition" is intended to encompass

a product comprising the compounds in question in the

therapeutically effective amounts, as well as any product, which

results, directly or indirectly, from combinations of the itemed

compounds.

Chemical definitions
Throughout the description and the claims the expression

"alkyl", unless specifically limited, denotes a Ci-12 alkyl group,

suitably a Ci-8 alkyl group, e.g. Ci-6 alkyl group, e.g. C1-4 alkyl

group. Alkyl groups may be straight chain or branched.

Suitable alkyl groups include, for example, methyl, ethyl,

propyl (e.g. n-propyl and isopropyl) , butyl (e.g n-butyl, iso-

butyl, sec-butyl and tert-butyl) , pentyl (e.g. n-pentyl) , hexyl

(e.g. n-hexyl) , heptyl (e.g. n-heptyl) and octyl (e.g. n-octyl) .

The expression "alk", for example in the expressions "alkoxy",

"haloalkyl" and "thioalkyl" should be interpreted in accordance

with the definition of "alkyl". Exemplary alkoxy groups include

methoxy, ethoxy, propoxy (e.g. n-propoxy) , butoxy (e.g. n-

butoxy), pentoxy (e.g. n-pentoxy) , hexoxy (e.g. n-hexoxy) ,

heptoxy (e.g. n-heptoxy) and octoxy (e.g. n-octoxy) . Exemplary



thioalkyl groups include methyl thio- . Exemplary haloalkyl groups

include fluoroalkyl e.g. CF3 .

The expression "alkenyl", unless specifically limited, denotes a

C2-12 alkenyl group, suitably a

C2-6 alkenyl group, e.g. a C2-4 alkenyl group, which contains at

least one double bond at any desired location and which does not

contain any triple bonds. Alkenyl groups may be straight chain

or branched. Exemplary alkenyl groups including one double bond

include propenyl and butenyl . Exemplary alkenyl groups

including two double bonds include pentadienyl, e.g. (IE, 3E)-

pentadienyl .

The expression "alkynyl", unless specifically limited, denotes a

C2-12 alkynyl group, suitably a

C2-6 alkynyl group, e.g. a C2-4 alkynyl group, which contains at

least one triple bond at any desired location and may or may not

also contain one or more double bonds. Alkynyl groups may be

straight chain or branched. Exemplary alkynyl groups include

propynyl and butynyl .

The expression "alkylene" denotes a chain of formula - (CH2)n

wherein n is an integer e.g. 2-5, unless specifically limited.

The expression "cycloalkyl", unless specifically limited,

denotes a C3-10 cycloalkyl group (i.e. 3 to 10 ring carbon atoms),

more suitably a C3-8 cycloalkyl group, e.g. a C3-6 cycloalkyl

group. Exemplary cycloalkyl groups include cyclopropyl,

cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl.

A most suitable number of ring carbon atoms is three to six.

The expression "cycloalkenyl", unless specifically limited,

denotes a C5-10 cycloalkenyl group (i.e. 5 to 10 ring carbon

atoms), more suitably a C5-8 cycloalkenyl group e.g. a C5-6

cycloalkenyl group. Exemplary cycloalkenyl groups include



cyclopropenyl, cyclohexenyl, cycloheptenyl and cyclooctenyl . A

most suitable number of ring carbon atoms is five to six.

The expression "carbocyclyl", unless specifically limited,

denotes any ring system in which all the ring atoms are carbon

and which contains between three and twelve ring carbon atoms,

suitably between three and ten carbon atoms and more suitably

between three and eight carbon atoms. Carbocyclyl groups may be

saturated or partially unsaturated, but do not include aromatic

rings. Examples of carbocyclyl groups include monocyclic,

bicyclic, and tricyclic ring systems, in particular monocyclic

and bicyclic ring systems. Other carbocylcyl groups include

bridged ring systems (e.g. bicyclo [2 .2 .1]heptenyl) . A specific

example of a carbocyclyl group is a cycloalkyl group. A further

example of a carbocyclyl group is a cycloalkenyl group.

The expression "heterocyclyl", unless specifically limited,

refers to a carbocyclyl group wherein one or more (e.g. 1 , 2 or

3 ) ring atoms are replaced by heteroatoms selected from N , S and

O . A specific example of a heterocyclyl group is a cycloalkyl

group (e.g. cyclopentyl or more particularly cyclohexyl) wherein

one or more (e.g. 1 , 2 or 3 , particularly 1 or 2 , especially 1 )

ring atoms are replaced by heteroatoms selected from N , S or O .

Exemplary heterocyclyl groups containing one hetero atom include

pyrrolidine, tetrahydrofuran and piperidine, and exemplary

heterocyclyl groups containing two hetero atoms include

morpholine and piperazine. A further specific example of a

heterocyclyl group is a cycloalkenyl group (e.g. a cyclohexenyl

group) wherein one or more (e.g. 1 , 2 or 3 , particularly 1 or 2 ,

especially 1 ) ring atoms are replaced by heteroatoms selected

from N , S and O . An example of such a group is dihydropyranyl

(e.g. 3 ,4-dihydro-2H-pyran-2-yl-) .

The expression "aryl", unless specifically limited, denotes a Ce-

i2 aryl group, suitably a C -io aryl group, more suitably a Cβ-



aryl group. Aryl groups will contain at least one aromatic ring

(e.g. one, two or three rings) . An example of a typical aryl

group with one aromatic ring is phenyl. An example of a typical

aryl group with two aromatic rings is naphthyl .

The expression "heteroaryl", unless specifically limited,

denotes an aryl residue, wherein one or more (e.g. 1 , 2 , 3 , or

4 , suitably 1 , 2 or 3 ) ring atoms are replaced by heteroatoms

selected from N , S and O , or else a 5-membered aromatic ring

containing one or more (e.g. 1 , 2 , 3 , or 4 , suitably 1 , 2 or 3 )

ring atoms selected from N , S and O . Exemplary monocyclic

heteroaryl groups having one heteroatom include: five membered

rings (e.g. pyrrole, furan, thiophene) ; and six membered rings

(e.g. pyridine, such as pyridin-2-yl, pyridin-3-yl and pyridin-

4-yl) . Exemplary monocyclic heteroaryl groups having two

heteroatoms include: five membered rings (e.g. pyrazole,

oxazole, isoxazole, thiazole, isothiazole, imidazole, such as

imidazol-1-yl, imidazol-2-yl imidazol-4-yl) ; six membered rings

(e.g. pyridazine, pyrimidine, pyrazine) . Exemplary monocyclic

heteroaryl groups having three heteroatoms include: 1,2,3-

triazole and 1 ,2 ,4-triazole . Exemplary monocyclic heteroaryl

groups having four heteroatoms include tetrazole. Exemplary

bicyclic heteroaryl groups include: indole (e.g. indol-6-yl) ,

benzofuran, benzthiophene, quinoline, isoquinoline, indazole,

benzimidazole, benzthiazole, quinazoline and purine.

The expression "-alkylaryl", unless specifically limited,

denotes an aryl residue which is connected via an alkylene

moiety e.g. a d -4alkylene moiety.

The expression "-alkylheteroaryl", unless specifically limited,

denotes a heteroaryl residue which is connected via an alkylene

moiety e.g. a Ci-4alkylene moiety.

The term "halogen" or "halo" comprises fluorine (F) , chlorine

(Cl) and bromine (Br) .



The term "amino" refers to the group -NH2.

The term "phenyl substituted by phenyl" refers to biphenyl .

The term Λ Λ Λ/w ' denotes a single bond where the stereochemistry

is not defined.

When benzimidazolyl is shown as benzimidazol-5-yl, which is

represented as:

the person skilled in the art will appreciate that benzimidazol-

6-yl, which is represented as:

is an equivalent structure. As employed herein, the two forms

of benzimidazolyl are covered by the term "benzimidazol-5-yl".

This applies mutatis mutandis to all similar situations.

Carriers and Additives for galenic formulations

For liquid oral preparations, such as for example, suspensions,

elixirs and solutions, suitable carriers and additives may

advantageously include water, glycols, oils, alcohols,

flavouring agents, preservatives, colouring agents and the like;

for solid oral preparations such as, for example, powders,

capsules, gelcaps and tablets, suitable carriers and additives

include starches, sugars, diluents, granulating agents,

lubricants, binders, disintegrating agents and the like.



Carriers, which can be added to the mixture, include necessary

and inert pharmaceutical excipients, including, but not limited

to, suitable binders, suspending agents, lubricants, flavours,

sweeteners, preservatives, coatings, disintegrating agents, dyes

and colouring agents.

Soluble polymers as suitable drug carriers can include

polyvinylpyrrolidone, pyran copolymer, polyhydroxypropylmeth-

acrylamidephenol, polyhydroxyethylaspartamidephenol, or

polyethyleneoxidepolyllysine substituted with palmitoyl

residue (s) . Furthermore, the inhibitors of the present invention

may be coupled to a class of biodegradable polymers useful in

achieving controlled/sustained release of a drug, for example,

poly actic acid, poly-epsilon caprolactone, polyhydroxy butyric

acid, polyorthoesters, polyacetals, polydihydropyrans,

polycyanoacrylates and cross-linked or amphipathic block

copolymers of hydrogels.

Suitable binders include, without limitation, starch, gelatin,

natural sugars such as glucose or beta-lactose, corn sweeteners,

natural and synthetic gums such as acacia, tragacanth or sodium

oleate, sodium stearate, magnesium stearate, sodium benzoate,

sodium acetate, sodium chloride and the like.

Disintegrating agents include, without limitation, starch,

methyl cellulose, agar, bentonite, xanthan gum and the like.

Antagonist

The term "antagonist", as it is used herein, refers to an

inhibitor molecule which, when bound to QPCTL, decreases the

amount or the duration of the effect of the biological or

immunological activity of QPCTL, e . g . decreasing the enzymatic

activity of the peptidase to cyclise GIu- or Gin-residues at the

N-termini of the QPCTL substrates. Antagonists may include

proteins, nucleic acids, carbohydrates, antibodies, or any other

molecules which decrease the effect of QPCTL; for example, they

may include small molecules and organic compounds that bind to



and inactivate QPCTLs by a competitive or non-competitive type

mechanism. Preferred are small molecule inhibitors of QPCTL.

Most preferred are competitive small molecule inhibitors of

QPCTL.

QC

The term "QC" as used herein comprises glutaminyl cyclase (QC) ,

which is synonymous to glutaminyl-peptide cyclotransf erase

(QPCT) ; while isoQC refers to QC-like enzymes, which are

synonymous to glutaminyl-peptide cyclotransf erase-like proteins

(QPCTLs) . QC and QC-like enzymes have similar enzymatic

activity, further defined as "QC activity" or "isoQC activity".

However, QC-like enzymes can fundamentally differ in their

molecular structure from QC.

The term "glutaminyl cyclase (QC) " according to this embodiment

and throughout the description of the present invention

comprises glutaminyl cyclase enzymes from various species, e.g.

mammalian, insect or plant QC. Preferably, the gluaminyl cyclase

(QC) according to this embodiment througouth the description of

the present invention is a mammalian QC, more preferably a

rodent QC, e.g. from mouse or rat, but most preferably human QC.

Similarly, the term "iso-glutaminyl cyclase (isoQC, QPCTL)"

according to this embodiment throughout the description of the

present invention comprises iso-glutaminyl cylase enzymes from

various species, e.g. mammalian, insect or plant isoQC.

Preferably, the iso-gluaminyl cyclase (isoQC) according to this

embodiment and througouth the description of the present

invention is a mammalian isoQC, more preferably a rodent isoQC,

e.g. from mouse or rat, but most preferably human isoQC. Iso-

glutaminyl cyclase enzymes differ from glutaminyl cyclase

enzmyes in their nucleic acid and amino acid sequences.

QC activity

"QC activity" is defined as the catalytic activity of glutaminyl

cyclase (QC, QPCT) and QC-like enzymes (QPCTLs) . These enzymes

are found in various tissues of the body of a mammal including



kidney, liver, intestine, brain and body fluids such as CSF,

where they cyclize glutamine or glutamate at the N-terminus of

biologically active peptides with a high specificity.

In particular, the terms "QC activity" or "isoQC activity" as

used herein is defined as intramolecular cyclization of N-

terminal glutamine residues into pyroglutamic acid (pGlu*) or of

N-terminal L-homoglutamine or L-CC-homoglutamine to a cyclic

pyro-homoglutamine derivative under liberation of ammonia. See

therefore schemes 1 and 2 .

Scheme 1 : Cyclization of glutamine by (iso)QC

Scheme 2 : Cyclization of L-homoglutamine by (iso)QC

EC

The term "EC" as used herein comprises the activity of

glutaminyl cyclase (QC, QPCT) and QC-like enzymes (QPCTLs) as

glutamate cyclase (EC) , further defined as EC activity.



EC activity

The term "EC activity" as used herein is defined as

intramolecular cyclization of N-terminal glutamate residues into

pyroglutamic acid (pGlu*) by glutaminyl cyclase (QC, QPCT) and

QC-like enzymes (QPCTLs) . See scheme 3 in that regard.

Scheme 3 : N-terminal cyclization of uncharged glutamyl

peptides by QC (EC) and isoQC

(iso)QC-inhibitor

The term " (iso) QC-inhibitor" or " (iso) glutaminyl cyclase

inhibitor" is generally known to a person skilled in the art and

means enzyme inhibitors, which inhibit the catalytic activity of

glutaminyl cyclase (QPCT) or of the iso-glutaminyl cyclase

enzymes (QPCTLs) or their glutamyl cyclase (EC) activity,

preferably by direct interaction of the inhibitor with the

respective enzyme.

selective isoQC-inhibitor

The term "selective isoQC-inhibitor" as defined herein means

enzyme inhibitors, which inhibit the catalytic activity of iso-

glutaminyl cyclase (isoQC, QPCTL) but do not or with a lower

potency inhibit the catalytic activity of glutaminyl cyclase

(QC, QPCT) . Preferred are selective isoQC-inhibitors, which

inhibit a iso-glutaminyl cyclase (isoQC) with an K1-VaIUe, which

is 10% lower than its K1-VaIUe for the inhibition of glutaminyl



cyclase (QC) . More preferably, the K1-VaIUe of said selective

isoQC-inhibitor for the inhibition of iso-glutaminyl cyclase

(isoQC, QPCTL) is 50% lower than its K1-VaIUe for the inhibition

of glutaminyl cyclase (QC) . Even more preferred are selective

isoQC-inhibitors, which inhibit iso-glutaminyl cyclase (isoQC)

with an K1-VaIUe, which is one order of magnitude lower than its

K1-VaIUe for the inhibition of gluaminyl cyclase (QC) . More

preferably, the K1-VaIUe of said selective isoQC-inhibitor for

the inhibition of iso-glutaminyl cyclase (isoQC, QPCTL) is two

orders of magnitude lower than its K1-VaIUe for the inhibition of

gluaminyl cyclase (QC) . Even more preferred are selective isoQC-

inhibitors, wherein their K1-VaIUe for the inhibition of iso-

glutaminyl cyclase (isoQC, QPCTL) is three orders of magnitude

lower than their K1-VaIUe for the inhibition of gluaminyl cyclase

(QC) . Most preferred are selective isoQC-inhibitors, which do

not inhibit glutaminyl cyclase (QC) .

Potency of isoQC inhibition

In light of the correlation with isoQC inhibition, in preferred

embodiments, the subject method and medical use utilize an

inhibitor with a K1 for isoQC inhibition of 10 µM or less, more

preferably of 1 µM or less, even more preferably of 0.1 µM or

less or 0.01 µM or less, or most preferably 0.001 µM or less.

Indeed, inhibitors with K1 values in the lower micromolar,

preferably the nanomolar and even more preferably the picomolar

range are contemplated. Thus, while the active agents are

described herein, for convenience, as "isoQC inhibitors", it

will be understood that such nomenclature is not intending to

limit the subject of the invention to a particular mechanism of

action.

Molecular weight of isoQC inhibitors

In general, the isoQC inhibitors of the subject method or

medical use will be small molecules, e.g., with molecular

weights of 1000 g/mole or less, 500 g/mole or less, preferably

of 400 g/mole or less, and even more preferably of 350 g/mole or

less and even of 300 g/mole or less.



Subject

The term "subject" as used herein, refers to an animal,

preferably a mammal, most preferably a human, who has been the

object of treatment, observation or experiment.

Therapeutically effective amount

The term "therapeutically effective amount" as used herein,

means that amount of active compound or pharmaceutical agent

that elicits the biological or medicinal response in a tissue

system, animal or human being sought by a researcher,

veterinarian, medical doctor or other clinician, which includes

alleviation of the symptoms of the disease or disorder being

treated.

Pharmaceutically acceptable

As used herein, the term "pharmaceutically acceptable" embraces

both human and veterinary use: for example the term

"pharmaceutically acceptable" embraces a veterinarily acceptable

compound or a compound acceptable in human medicine and health

care.

Brief description of the drawings

Figure 1 shows the inhibition of human isoQC-catalyzed

conversion of H-GIn-AMC into pGlu-AMC by the inhibitor 1- (3- (IH-

imidazol-1-yl) propyl) -3- (3, 4-dimethoxyphenyl) thiourea

hydrochloride. The data were evaluated according to the

Michaelis-Menten kinetic model considering linear competitive

inhibition. Inhibitor concentrations were as follows:



Table 1 :

The determined K1-VaIUe was 240 +_ 8 nM.

Figure 2 shows the analysis of isoQC expression by RT-PCR.

Detection in SH-SY5Y, LN405, HaCaT and Hep-G2 .

Lanes: bp, DNA standard; 1 , amplified PCR product of human isoQC

from SH-SY5Y; 2 , amplified PCR product of human isoQC from

LN405; 3 , amplified PCR product of human isoQC from HaCaT; 4 ,

amplified PCR product of human isoQC from Hep-G2 .

Figure 3 provides a schematic representation of the human isoQC

protein constructs that were expressed hetereologously in the

yeast P . pastoris . Two mutations were introduced in some

proteins, leading to a glycosylation site at position 55 (I55N)

and a mutated cystein residue at position 351 (C351A) . For

expression, the N-terminus including the transmembrane domain

was replaced by a secretion signal of yeast (YSS) . The

constructs containing the N-terminal secretion signal should be

efficiently secreted into the medium.

Figure 4 shows the isoQC activity, which was determined in the

medium of expressing yeast cells. Due to the transmembrane

domain, the native constructs were not secreted into the medium

(not implemented). Caused by glycosylation (I55N), proteins are

most efficiently secreted. The mutation C351A resulted also in

higher isoQC activity detected in the medium.



Figure 5 shows the purification of the human isoQC, based on

construct YSShisoQCI55NC351A C-His, from the medium of a

transgenic P.pastoris strain. The isoQC was purified by a

combination of IMAC (immobilized metal affinity chromatography,

lane 3), HIC (hydrophobic interaction chromatography, lane 4 )

and desalting (lane 5 ) . The glycosylation of the enzyme was

evidence by enzymatic deglycosalytion, which results in a shift

in migration of the protein (lane 6 ) . Lane 1 , protein standard:

Lane 2 , medium prior to purification.

Figure 6 shows the purification of the human isoQC, based on

construct GST-hisoQC C-His, from the cell homogenate of

transformed E . coll. The isoQC was purified by a combination of

IMAC (immobilized metal affinity chromatography, lane 3), GST-

affinity (lane 4), desalting (lane 5 ) and ion exchange

chromatography (lane 6 ) . Lane 1 , protein standard: Lane 2 , cell

homogenate prior to purification. The difference in the

molecular mass between the hisoQC which was expressed in yeast

and E . coli is caused by the N-terminal GST-tag fusion. The

expressed construct is provided schematically in the upper part

of the figure.

Figure 7 shows the specificity constants for conversion of

dipeptide-surrogates, dipeptides and oligopeptides by human

isoQC (YSShisoQCI55NC351A C-His), GST-hisoQC and human QC. The

specificity of GST-hisoQC was the lowest, followed by

YSShisoQCI55NC351A C-His. The highest specificity displayed

human QC, indicating a higher overall enzymatic activity.

Figure 8 shows the pH-dependency of catalysis, investigated with

human isoQC (hisoQC) , which was expressed in yeast, and human QC

(hQC) . Both proteins display a pH-optimum between pH 7 and 8 .

The fitted curve is based on three dissociating groups that

influence catalysis, one at acidic pH, two at basic pH.

Figure 9 shows the subcellular localization of mouse-isoQC (m-

isoQC) in LN405 cells: (a) localization of m-isoQC-EGFP fusion

proteins starting with one of the alternative start methionines



Metl or MetII, and (b) localization of a fusion protein

consisting of the N-terminal sequences of m-isoQC starting with

Metl or MetII and ending at Ser 55 (numbering is based on Metl

representing the N-terminal amino acid position 1 , compare to

Figure 15), and a C-terminal EGFP fusion. The Golgi complex was

stained using anti-mannosidase II antibody. Co-localization is

shown by superimposition of EGFP fluorescence and Cy3

fluorescence (Merge) .

Figure 10 shows the subcellular localization of rat-isoQC (r-

isoQC) in LN405 cells: (a) localization of r-isoQC-EGFP fusion

proteins starting with one of the alternative start methioniens

Metl or with MetII and of (b) localization of a fusion protein

consisting of the N-terminal sequences of r-isoQC starting with

Metl or MetII and ending at Ser 55 (numbering is based on Metl

representing the N-terminal amino acid position 1 , compare to

Figure 15), and a C-terminal EGFP fusion. The Golgi complex was

stained using anti-mannosidase II antibody. Co-localization is

shown by superimposition of EGFP fluorescence and Cy3

fluorescence (Merge) .

Figure 11 shows the subcellular localization of mouse-isoQC (m-

isoQC) in SH-SY5Y cells: (a) localization of m-isoQC-EGFP fusion

proteins starting with one of the alternative start methionines

Metl or MetII, and (b) localization of a fusion protein

consisting of the N-terminal sequences of m-isoQC starting with

Metl or MetII and ending at Ser 55 (numbering is based on Metl

representing the N-terminal amino acid position 1 , compare to

Figure 15), and a C-terminal EGFP fusion. The Golgi complex was

stained using anti-mannosidase II antibody. Co-localization is

shown by superimposition of EGFP fluorescence and Cy3

fluorescence (Merge) .

Figure 12 shows the subcellular localization of rat-isoQC (r-

isoQC) in SH-SYS5 cells: (a) localization of r-isoQC-EGFP fusion

proteins starting with one of the alternative start methioniens

Metl or with MetII and of (b) localization of a fusion protein

consisting of the N-terminal sequences of r-isoQC starting with



Metl or MetII and ending at Ser 55 (numbering is based on Metl

representing the N-terminal amino acid position 1 , compare to

Figure 15), and a C-terminal EGFP fusion. The Golgi complex was

stained using anti-mannosidase II antibody. Co-localization is

shown by superimposition of EGFP fluorescence and Cy3

fluorescence (Merge) .

Figure 13 shows the results of the quantitative PCR for

characterization of mouse QC (mQPCT) and mouse-isoQC (mQPCTL)

expression in RAW cells. (a) Analysis of PCR amplification

products using agarose gel electrophoresis. M- 100 bp ladder

(Peqlab, Erlangen, Germany), Brain: products of RNA isolated

from brain tissues, B16: products of RNA isolated from B16

melanoma cells, RAW: products of RNA isolated from RAW264.7

cells, (b) Amplification curves using primer pairs QPCT F5/R6,

F3/R2 and F3/R20.

Figure 14 shows quantitative PCR results for human QC (hQPCT)

and human isoQC (hQPCTL) gene expression in THPl cells after

treatment with LPS (lµg/ml) for 24 h .

Figure 15 shows a sequence alignment of human, mouse and rat

isoQC. The proteins share a sequence identity of 83%. The two

different, potential start methionines are highlighted in bold.

Figure 16 shows the SDS-PAGE analysis illustrating the

purification of mouse-isoQC after fermentation. Proteins were

visualized by Coomassie staining. Lane 1 , molecular mass

standards (kilodaltons) (Dual Color, Bio-Rad) ; lane 2 ,

supernatant after expression; lane 3 , mouse-isoQC containing

fractions after initial hydrophobic interaction chromatography

in expanded bed modus; lane 4 , mouse-isoQC after hydrophobic

interaction chromatography; lane 5 , mouse-isoQC after UnoQ

column. lane 6 mouse-isoQC after gelf iltration and treatment

with deglycosylation enzyme EndoHF. The isoQC protein

corresponds to a protein between 50 kDa and 70 kDa . The

deglycosylated protein corresponds to a protein band at 37 kDa.

The mouse-isoQC was purified to homogeneity.



Figure 17 illustrates the purification of rat-isoQC as analysed

by SDS-PAGE. Lanes represent: lane 1 ; supernatant after rat-

isoQC fermentation; lane 2 rat-isoQC containing fractions after

metal affinity chromatography; lane 3 rat-isoQC protein after

hydrophobic interaction chromatography, lane 4 purified rat-

isoQC after desalting column; The isoQC protein corresponds to a

protein between 50 kDa and 70 kDa . The homogenous deglycosylated

rat-isoQC corresponds to a protein band at 37 kDa (lane 5 ) and

the deglycosylation enzyme EndoHF migrates at 75 kDa. Proteins

were visualized by Coomassie staining. The rat-isoQC was

purified to homogeneity.

Figure 18 shows the specificity constants for conversion of

dipeptide-surrogates, dipeptides and oligopeptides by mouse-

isoQC and human isoQC. The highest specificity was displayed by

mouse-isoQC, indicating a higher overall enzymatic activity.

Figure 19 shows the western blot analysis for the determination

of human isoQC antibody pAb 3284 after transfection of HEK293

cells with different QC and isoQC constructs (per transfected

construct, 32 µl disrupted cells and 32 µl 1:10 concentrated

media were loaded on a SDS-GeI) .

(a) lane 1 , purified human isoQC (500 ng) ; lane 2 , cells

transfected with human isoQC; lane 3 , Media after human isoQC

expression; lane 4 , cells after transfection with human QC; lane

5 , media after human QC expression; lane 6 , cells after rat-

isoQC expression; lane 7 , media after rat-isoQC expression; lane

8 , cells after rat QC expression; lane 9 , media after rat QC

expression. Protein detection using the specific human isoQC

antibody pAb 3284.

(b) Development of the western blot after washing with RestoreTM

Western Blot Stripping Buffer (Thermo Scientific) with specific

human QC antibody (pAb 8695)

Figure 20 shows the determination of basal expression levels of

isoQC in cells from different mammalian species by western blot

analysis. 120 µg protein from the disrupted cells was loaded to



the SDS-GeI lane 1 , purified human isoQC (10 ng) ; lane 2 , HEK293

(human); lane 3 , SH-SY5Y (human); lane 4 , U343 (human); lane 5 ,

RAW (mouse); lane 6 , N2a (mouse); lane 7 , PC12 (rat).

(a) Detection of the protein with human isoQC antibody pAb 3284.

(b) Detection of the proteins with rat-isoQC antibody pAb 3286

Figure 21 shows the incubation of human CCL2 (MCP-I) with

recombinant human DP4 .

(a) Cleavage of CCL2 (Ql-76) (20 µg/ml) by recombinant human DP4

(1:200) .

(b) Incubation of human CCL2 with recombinant human isoQC

(1:1000) (CCL2 (pGlul-76)) followed by incubation with DP4

(1:200). Cleavage was monitored for the indicated time points up

to 4 h and products were analyzed using Maldi-TOF MS.

Figure 22 shows the incubation of human CCL8 (MCP-2) with

recombinant human DP4 .

(a) Cleavage of CCL8 (Ql-76) (10 µg/ml) by recombinant human DP4

(1:100) .

(b) Incubation of human CCL8 with recombinant human isoQC

(1:1000) (CCL8 (pGlul-76)) followed by incubation with DP4

(1:200). Cleavage was monitored for the indicated time points up

to 4 h and products were analyzed using Maldi-TOF MS.

Figure 23 shows the incubation of human CCL7 (MCP-3)with

recombinant human DP4 .

(a) Cleavage of CCL7 (Ql-76) (10 µg/ml) by recombinant human DP4

(1:2000) .

(b) Incubation of human CCL7 with human recombinant isoQC

(1:1000) (CCL7 (pGlul-76)) followed by incubation with DP4

(1:200). Cleavage was monitored for the indicated time points up

to 4 h and products were analyzed using Maldi-TOF MS.

Figure 24 shows the incubation of human CCL13 (MCP-4) with

recombinant human DP4 .

(a) Cleavage of CCL13 (Ql-76) (10 µg/ml) by recombinant human

DP4 (1:2000) .



(b) Incubation of human CCL13 with recombinant human isoQC

(1:1000) (CCL13 (pGlul-76) ) followed by incubation with DP4

(1:200). Cleavage was monitored for the indicated time points up

to 4 h and products were analyzed using Maldi-TOF MS.

Figure 25 (a) shows the effect of the QC/isoQC inhibitor isoQC-I

on monocyte infiltration in thioglycollate-induced peritonitis

(mean±SEM, n>5 per group) . Thioglycollate (TG) and inhibitor were

applied by ip injection. Cells positive for surface marker 7/4

(7/4 (high)) and possessing only a weak immunoreactivity for

marker Ly6G (LyβG(low)) represent the infiltrated monocyte

population. The positive cell population was counted by

cytof luorometry using true count beads (BD) .

(b) shows the determination of the MCP-I NIpE concentration in

the lavage fluid of the mice injected with thioglycollate and

treated with different doses of isoQC-I compared to control

animals and animals injected with thioglycollate alone.

Figure 26 shows the infiltration of monocytes (a) and

granulocytes (b) in mixed male/female homozygous (HOM) QPCTL

knock out animals in comparison to mixed male/female wild type

littermates (WT) . Animals were injected with thioglycollate

(Thio) or saline (PBS). (***, P<0.001; ANOVA followed by Tuckey

post-hoc analysis) .

Figure 27 shows the analysis of total MCP-I (black bars) and

pGlu-MCP-1 (open bars) using specific ELISAs in thioglycollate-

injected mixed male/female homozygous (HOM) QPCTL k.o. animals

compared to mixed male/female wild type littermates (WT). (**,

P<0.01, Student's t-test) .

Figure 28 (a) shows the analysis of total MCP-I (black bars) and

pGlu-MCP-1 (open bars) using specific ELISAs in LPS-stimulated

PBMC (+LPS) compared to unstimulated PBMCs (-LPS) isolated from

QPCTL k.o. animals (HOM) and wild type littermates (WT) .

(b) shows the ratio of pGlu-MCP-1 and total MCP-I in % from

QPCTL k.o. animals (open bars) and wild type littermates (black

bars) in absence (-LPS) or presence (+LPS) of LPS-stimulus



(***, P<0 .001; 2-way ANOVA, followed by Bonferroni's post-hoc

test) .

Figure 29 (a) shows the reactivation of mouse-isoQC, mouse QC

and QC from Drosophila melanogaster (DromeQC) with different

ratios of zinc to enzyme. Prior to reactivation, enzymes were

inactivated with 1,10- phenantroline in 50 mM BisTris, pH 6.8

containing 500 mM NaCl to a residual activity under 1%.

Subsequently, the enzyme was subjected to dialysis against 50 mM

BisTris, pH 6.8 containing 500 mM NaCl and 50 g/1 Chelex.

Reactivation was carried out by addition of different

concentrations of ZnSO4 to the inactivated proteins.

(b) Reactivation of mouse-isoQC with zinc ions, the protein to

zinc content was increasing in order to determine the zinc

necessary to full reactivate the enzyme. Inactivation was

carried out with 1,10- phenantroline in 50 mM BisTris, pH 6.8

containing 500 mM NaCl.

Figure 30 shows a CD-spectroscopic analysis of the secondary

structure of inactivated and reactivated mouse isoQC. The

protein was dissolved in 10 mM potassium phosphate buffer, pH

6.8. An estimation of the secondary structure revealed 50% CC-

helix and 26% β-turn for both enzymes. The zinc ion does not

exert an influence on the secondary structure.

Detailed description of the Invention

In particular the present invention pertains to the following

items:

1 . An isoQC inhibitor for the treatment and/or prevention of an

inflammatory disease or condition, selected from the group

consisting of

a . chronic and acute inflammations, e.g. rheumatoid

arthritis, atherosclerosis, restenosis, pancreatitis,

osteoporosis,



b . other inflammatory diseases, e.g. neuropathic pain,

graft rejection/graft failure/graft vasculopathy, HIV

infections/AIDS, gestosis, tuberous sclerosis,

Guillain-Barre syndrome, chronic inflammatory

demyelinising polyradiculoneuropathy and multiple

sclerosis,

c . neuroinf lammation, and

d . neurodegenerative diseases, e.g. mild cognitive

impairment (MCI), Alzheimer's disease,

neurodegeneration in Down Syndrome, Familial British

Dementia, and Familial Danish Dementia, which may

result from neuroinf lammation .

2 . Use of an isoQC inhibitor for the treatment and/or

prevention of an inflammatory disease or condition, selected

from the group consisting of

a . chronic and acute inflaminations, e.g. rheumatoid

arthritis, atherosclerosis, restenosis,

pancreatitis, osteoporosis,

b . other inflammatory diseases, e.g. neuropathic pain,

graft rejection/graft failure/graft vasculopathy,

HIV infections/AIDS, gestosis, tuberous sclerosis,

Guillain-Barre syndrome, chronic inflammatory

demyelinising polyradiculoneuropathy and multiple

sclerosis,

c . neuroinf lammation, and

d . neurodegenerative diseases, e.g. mild cognitive

impairment (MCI), Alzheimer's disease,

neurodegeneration in Down Syndrome, Familial British

Dementia, and Familial Danish Dementia, which may

result from neuroinf lammation .

3 . Use of an isoQC inhibitor for the preparation of a

medicament for treating and/or preventing an inflammatory

disease or condition, selected from the group consisting of

a . chronic and acute inflaminations, e.g. rheumatoid

arthritis, atherosclerosis, restenosis,

pancreatitis, osteoporosis,



b . other inflammatory diseases, e.g. neuropathic pain,

graft rejection/graft failure/graft vasculopathy,

HIV infections/AIDS, gestosis, tuberous sclerosis,

Guillain-Barre syndrome, chronic inflammatory

demyelinising polyradiculoneuropathy and multiple

sclerosis,

c . neuroinf lammation, and

d . neurodegenerative diseases, e.g. mild cognitive

impairment (MCI), Alzheimer's disease,

neurodegeneration in Down Syndrome, Familial British

Dementia, Familial Danish Dementia, which may result

from neuroinf lammation .

4 . A method of treatment and/or prevention of an inflammatory

disease or condition, selected from the group consisting of

a . chronic and acute inflaminations, e.g. rheumatoid

arthritis, atherosclerosis, restenosis,

pancreatitis, osteoporosis,

b . other inflammatory diseases, e.g. neuropathic pain,

graft rejection/graft failure/graft vasculopathy,

HIV infections/AIDS, gestosis, tuberous sclerosis,

Guillain-Barre syndrome, chronic inflammatory

demyelinising polyradiculoneuropathy and multiple

sclerosis,

c . neuroinf lammation, and

d . neurodegenerative diseases, e.g. mild cognitive

impairment (MCI), Alzheimer's disease,

neurodegeneration in Down Syndrome, Familial British

Dementia, and Familial Danish Dementia, which may

result from neuroinf lammation,

wherein a therapeutically effective amount of an isoQC

inhibitor is administered to a subject in need thereof.

5 . The isoQC inhibitor, use or method according to any of items

1 to 4 , wherein the inflammatory disease is a chronic and

acute inflammation, selected from rheumatoid arthritis,

atherosclerosis, restenosis, pancreatitis and osteoporosis.



6 . The isoQC inhibitor, use or method according to any of

items 1 to 4 , wherein the inflammatory disease is selected

from neuropathic pain, graft rejection/graft failure/graft

vasculopathy, HIV infections/AIDS, gestosis, tuberous

sclerosis, Guillain-Barre syndrome, chronic inflammatory

demyelinising polyradiculoneuropathy and multiple

sclerosis .

7 . The isoQC inhibitor, use or method according to any of

items 1 to 4 , wherein the inflammatory disease is

neuroinf lammation .

8 . The isoQC inhibitor, use or method according to any of

items 1 to 4 , wherein the inflammatory disease is a

neurodegenerative disease, which may result from

neuroinf lammation .

9 . The isoQC inhibitor, use or method according to item 8 ,

wherein the neurodegenerative disease is selected from mild

cognitive impairment (MCI), Alzheimer's disease,

neurodegeneration in Down Syndrome, Familial British

Dementia and Familial Danish Dementia.

10. The isoQC inhibitor, use or method according to any of items

1 to 9 , wherein the isoQC inhibitor is administered in

combination with a further agent, selected from the group

consisting of anti-inflammatory agents, nootropic agents,

neuroptrotectants, antiparkinsonian drugs, amyloid protein

deposition inhibitors, beta amyloid synthesis inhibitors,

antidepressants, anxiolytic drugs, antipsychotic drugs and

anti-multiple sclerosis drugs, inhibitors of the angiotensin

converting enzyme (ACE), angiotensin II receptor blockers,

diuretics; calcium channel blockers (CCB), beta-blockers,

platelet aggregation inhibitors, cholesterol absorption

modulators, HMG-Co-A reductase inhibitors, high density

lipoprotein (HDL) increasing compounds, renin inhibitors,

IL-6 inhibitors, antiinflammatory corticosteroids,

antiproliferative agents, nitric oxide donors, inhibitors of



extracellular matrix synthesis, growth factor or cytokine

signal transduction inhibitors, MCP-I antagonists and

tyrosine kinase inhibitors.

11. The isoQC inhibitor, use or method of any of items 1 to 10,

wherein the disease and/or condition afflicts a human being.

12. A pharmaceutical composition comprising an isoQC inhibitor

according any of items 1 to 9 or a combination according to

item 10.

13. The isoQC inhibitor, use, method or pharmaceutical

composition according to any one of items 1 to 12, wherein

said isoQC inhibitor is a compound of formula (I)

(I)

or a pharmaceutically acceptable salt, solvate or polymorph

thereof, including all tautomers and stereoisomers thereof

wherein :

R1 represents -Cs-scarbocyclyl-heteroaryl, -C2_6alkenylheteroaryl,

-Ci- 6alkylheteroaryl, or (CH2)aCR
5R6 (CH2)bheteroaryl wherein a and

b independently represent integers 0-5 provided that a + b = 0-5

and R5 and R6 are alkylene which, together with the carbon to

which they are attached, form a C3-C5 cycloalkyl group, or a

bicyclic heteroaryl group;

in which any of aforesaid heteroaryl groups may optionally be

substituted by one or more groups selected from Ci- alkyl, C2-

6alkenyl, C2_6alkynyl, Ci- haloalkyl, -Ci- thioalkyl, -SOCi-

4alkyl, -SO2Ci-4alkyl, Ci- 6alkoxy-, -0-C 3-scycloalkyl, C3-

gcycloalkyl, -S02C3-scycloalkyl, -SOCs- Cycloalkyl, C3-



6alkenyloxy- , C3-6alkynyloxy- , - C (O) C -6alkyl , - C (O) OC - 6alkyl ,
C -6al koxy- C _6alkyl- , nitro, halogen, cyano, hydroxyl ,
C(O) OH, -NH2, - NHC _4alkyl , - N (C _4alkyl ) (C _4alkyl ) , - C (O) N(C -

4alkyl ) (C _4alkyl ) , - C (O) NH2, - C (O) NH (C _4alkyl ) and - C (O) NH (C3-

l ocycloalkyl ) ;
and i n which any of aforesaid carbocyclyl groups may

optionally be substituted by one or more groups selected from
C _4alkyl , oxo, halogen and C _4alkoxy;

R2 represents C - al kyl , aryl , heteroaryl , carbocyclyl ,
heterocyclyl , - C _4alkylaryl , - C _4alkylheteroaryl , - C -

4alkylcarbocyclyl or - C _4alkylheterocyclyl ;
i n which any of aforesaid aryl and heteroaryl groups may

optionally be substituted by one or more groups selected from
C - alkyl , C2_6alkenyl , C2_6alkynyl , C - haloalkyl , - C -
ethioalkyl , - SOC _4alkyl , -SO2C _4alkyl , C _6alkoxy- , -0-C 3-
scycloalkyl , C3-8cycloalkyl , -S02C3-scycloalkyl , -SOC3-
Cycloalkyl , C3_6alkenyloxy- , C3_6alkynyloxy- , - C (0) C - alkyl , -

C(0) OC - alkyl , C -6al koxy- C _6alkyl- , nitro, halogen, cyano,
hydroxyl , - C (O) OH, -NH2, - NHC _4alkyl , - N (C _4alkyl ) (C _4alkyl ) ,
- C (O) N(C _4alkyl ) (C _4alkyl ) , - C (O) NH2, - C (O) NH (C _4alkyl ) and -
C(0) NH (C3- ocycl oal kyl ) ;
and in which any of aforesaid carbocyclyl and heterocyclyl

groups may optionally be substituted by one or more groups

selected from Ci_4alkyl, oxo, halogen and Ci_4alkoxy;

or R2 represents phenyl substituted by phenyl, phenyl substituted

by a monocyclic heteroaryl group, phenyl substituted by

benzyloxy, phenyl fused to carbocyclyl, phenyl fused to

heterocyclyl, -Ci_4alkyl (phenyl substituted by phenyl) , -Ci-

4alkyl (phenyl substituted by a monocyclic heteroaryl group) ,

-Ci_4alkyl (phenyl substituted by benzyloxy) , -Ci-

4alkyl (optionally substituted phenyl fused to optionally

substituted carbocyclyl or -Ci_4alkyl (optionally substituted

phenyl fused to optionally substituted heterocyclyl) ;

in which any of aforesaid phenyl, benzyloxy and heteroaryl

groups may optionally be substituted by one or more groups

selected from Ci_4alkyl, halogen and Ci_4alkoxy,



and in which any of aforesaid carbocyclyl and heterocyclyl

groups may optionally be substituted by one or more groups

selected from d -4alkyl, oxo, halogen and Ci_4alkoxy;

R3 represents H , -Ci-4alkyl or aryl;

in which aforesaid aryl may optionally be substituted by one

or more groups selected from Ci- alkyl, C2_6alkenyl, C2-

6alkynyl, Ci_ 6haloalkyl, -Ci- 6thioalkyl, -SOCi-4alkyl, -SO 2Ci-

4alkyl, Ci-6alkoxy-, -O-Cs-scycloalkyl, C3-scycloalkyl, -SO2C3-

scycloalkyl, -SOCs- cycloalkyl, C3_6alkenyloxy-, C3_6alkynyloxy-

, -C (O) Ci- 6alkyl, -C (0) OCi_ 6alkyl, Ci- 6alkoxy-Ci- 6alkyl-, nitro,

halogen, cyano, hydroxyl, -C(O)OH, -NH 2, -NHCi_4alkyl, -N(Ci-

4alkyl) (Ci_4alkyl) , -C (0) N (Ci_4alkyl) (Ci_4alkyl) , -C(O)NH 2,

C (O)NH(Ci_4alkyl) and, -C (0) NH (C 3-i0cycloalkyl) ;

or R2 and R3 are joined to form a carbocyclyl ring which is

optionally substituted by one or more Ci_2alkyl groups;

or R2 and R3 are joined to form a carbocyclyl ring which is fused

to phenyl, wherein aforesaid carbocyclyl and/or phenyl may

optionally be substituted by one or more groups selected from

Ci_4alkyl, halogen and Ci_4alkoxy;

or R2 and R3 are joined to form a carbocyclyl ring which is fused

to monocyclic heteroaryl, wherein aforesaid carbocyclyl

and/or heteroaryl may optionally be substituted by one or

more groups selected from Ci_4alkyl, halogen and Ci_4alkoxy;

R4 represents H , -Ci_8alkyl, -C (0) Ci_ 6alkyl or -NH 2;

X represents 0 or S ; and

Y represents 0 or S .

14. The isoQC inhibitor, use, method or pharmaceutical

composition according to item 13, wherein R 1 represents a

bicyclic heteroaryl group.

15. The isoQC inhibitor, use, method or pharmaceutical

composition according to item 14, wherein R 1 represents a

benzene or pyridine ring fused to a 5-membered ring

containing one or two nitrogen atoms.



16. The isoQC inhibitor, use, method or pharmaceutical

composition according to item 15, wherein the point o f

attachment is through the benzene or pyridine ring.

17. The isoQC inhibitor, use, method or pharmaceutical

composition according to item 16, wherein R 1 is:

imidazo [1 ,2-a] pyridine or benzoic] [1 ,25] thiadiazolyl .

18. The isoQC inhibitor, use, method or pharmaceutical

composition according to item 17, wherein R 1 represents

19. The isoQC inhibitor, use, method or pharmaceutical

ccoommppoossiittiioonn aaccccoo:rding to item 18, wherein R 1 represents -Ci-

6alkylheteroaryl .

20. The isoQC inhibitor, use, method or pharmaceutical

composition according to item 19, wherein the heteroaryl

group o f R 1 is a 5-membered ring containing 1 to 3 nitrogen

atoms optionally substituted b y one or more substituents

selected from Ci_4 alkyl, Ci_4 alkoxy- and halogen.

21. The isoQC inhibitor, use, method or pharmaceutical

composition according to item 20, wherein the heteroaryl

group is:



22. The isoQC inhibitor, use, method or pharmaceutical

composition according to item 13, wherein R1 represents:

wherein A represents an unbranched or branched Ci- alkylene chain

or A represents a branched Ci- alkylene chain or A

represents (CH2)aCR R6 (CH2)b and

R,11 , τR-1 12 and R independently represent H or Ci_2alkyl.

23. The isoQC inhibitor, use, method or pharmaceutical

composition according to item 14 or 19, wherein R1

represents

wherein B represents a bond, -CH2- , -CH2-CH2- , -CH(Me)-, -

CH(Me)-CH 2- or -CH2-CH(Me)- and

R14 and R15 independently represent H or C 2alkyl .



24. The isoQC inhibitor, use, method or pharmaceutical

composition according to any one of items 13 to 23

represented by the formula:

r

or



wherein R2, R3, R4, X and Y are as defined in item 13.

25. The isoQC inhibitor, use, method or pharmaceutical

composition according to any one of items 13 to 24, wherein

R2 represents aryl, heteroaryl, phenyl substituted b y

phenyl, phenyl fused to heterocyclyl or R2 and R3 are joined

to form a carbocyclyl ring which is fused to phenyl; the

aforesaid aryl, heteroaryl, phenyl, heterocyclyl and

carbocyclyl optionally being substituted.

26. The isoQC inhibitor, use, method or pharmaceutical

composition according to item 25, wherein R2 represents

phenyl substituted by phenyl, the aforesaid phenyl groups

optionally being substituted by one or more substitutents

which may be the same or different and are chosen from

halo, OH, Ci_3alkyl, C1-3 haloalkyl, C1-3 alkoxy, C1-3

haloalkoxy .

The isoQC inhibitor, use, method or pharmaceutical

ccoomm;position according to item 26, wherein R2 is -biphenyl-4-

Yl.

28. The isoQC inhibitor, use, method or pharmaceutical

composition according to item 25, wherein R2 represents

phenyl optionally substituted by one, two or three

substituents, which may be the same or different and are

chosen from halo, OH, Ci-3alkyl, C1-3 haloalkyl, C1-3 alkoxy,

Ci-3 haloalkoxy.



29. The isoQC inhibitor, use, method or pharmaceutical

ccoommppoossiittiioonn aaccccoorrddiinngg ttoo item 28, wherein R 2 is phenyl

substituted b y n-propyloxy.

30. The isoQC inhibitor, use, method or pharmaceutical

composition according to any one o f items 13 to 29, wherein

R 3 represents H .

31. The isoQC inhibitor, use, method or pharmaceutical

composition according to any one o f items 13 to 25, wherein

R 2 and R 3 are joined to form a carbocyclyl ring which is

fused to phenyl .

32 .The isoQC inhibitor, use, method or pharmaceutical

composition according to any one o f items 13 to 31, wherein

R 4 represents H .

33. The isoQC inhibitor, use, method or pharmaceutical

composition according to any one o f items 13 to 32, wherein X

represents O .

34. The isoQC inhibitor, use, method or pharmaceutical

composition according to any one o f items 13 to 33, wherein Y

represents O .

35. The isoQC inhibitor, use, method or pharmaceutical

composition according to any one o f items 13 to 34, wherein

wherein the compound o f formula (I) is represented b y



wherein R and R are as defined in item 13.

36. The isoQC inhibitor, use, method or pharmaceutical

composition according to any one of items 13 to 35, wherein

the compound of formula (I) is selected from



5-(benzo[c] [1,2,5] thiadiazol-6-yl) -1- (lH-benzo [d] imidazol-

5-yl) imidazolidine-2, 4-dione;

1- (lH-benzo [d] imidazol-5-yl) -5-phenylimidazolidine-2, 4-

dione;

1- (lH-benzo [d] imidazol-5-yl) -5- (2-hydroxy-5-

methylphenyl) imidazolidine-2, 4-dione;

1- (lH-benzo [d] imidazol-5-yl) -5- (2-fluoro-5-

trif luoromethyl) phenyl) imidazolidine-2, 4-dione;

1- (lH-benzo [d] imidazol-5-yl) -5- (2-bromo-5-

fluorophenyl) imidazolidine-2, 4-dione;

1- (lH-benzo [d] imidazol-5-yl) -5- (4-

propoxyphenyl) imidazolidine-2, 4-dione;

1- (lH-benzo [d] imidazol-5-yl) -5- (4-chloro-3-

trif luoromethyl) phenyl) imidazolidine-2, 4-dione;

1- (lH-benzo [d] imidazol-5-yl) -5- (3-fluoro-

4 (trifluoromethyl) phenyl) imidazolidine-2, 4-dione;

1- (lH-benzo [d] imidazol-5-yl) -5- (3-hydroxy-4-

methoxyphenyl) imidazolidine-2, 4-dione;

1- (lH-benzo [d] imidazol-5-yl) -5- (2-hydroxy-3-

methoxyphenyl) imidazolidine-2, 4-dione;

1- (lH-benzimidazol-5-yl) -5- (1,1' -biphenyl-4-

yl) imidazolidine-2, 4-dione;

1- (lH-benzo [d] imidazol-5-yl) -5- (3-

chlorophenyl) imidazolidine-2, 4-dione;

1- (lH-benzo [d] imidazol-5-yl) -5- (4-

chlorophenyl) imidazolidine-2, 4-dione;

1- (lH-benzo [d] imidazol-5-yl) -5- (2-

chlorophenyl) imidazolidine-2, 4-dione;

1- (lH-benzo [d] imidazol-5-yl) -5- (4-

fluorophenyl) imidazolidine-2, 4-dione;

1- (lH-benzo [d] imidazol-5-yl) -5- (2, 3-

dihydrobenzo [b] [l,4]dioxin-7-yl) imidazolidine-2, 4-dione;

1- (3- (lH-imidazol-1-yl) propyl) -5-phenyl imidazolidine-2, 4-

dione;

1- (3- (lH-imidazol-l-yl)propyl) -5- (2-bromo-4-

fluorophenyl) imidazolidine-2, 4-dione;

1- (3- (lH-imidazol-l-yl)propyl) -5- (4-

propoxyphenyl) imidazolidine-2, 4-dione;



1- (3- (lH-imidazol-l-yl )propyl )-5- (3-fluoro-4-
(trifluoromethyl) phenyl) imidazolidine-2, 4-dione;

1- [3- (lH-imidazol-l-yl)propyl] -5- (4-

biphenyl) imidazolidine-2, 4-dione;

1- (3- (lH-imidazol-l-yl)propyl) -5- (3-

chlorophenyl) imidazolidine-2, 4-dione;

1- (3- (lH-imidazol-l-yl)propyl) -5- (2-

chlorophenyl) imidazolidine-2, 4-dione;

1- (3- (5-methyl-lH-imidazol-l-yl) propyl) -5-

phenylimidazolidine-2, 4-dione;

5- (2-bromo-5-f luorophenyl) -1- (3- (5-methyl-lH-imidazol-l-

yl) propyl) imidazolidine-2, 4-dione;

1- (3- (5-methyl-lH-imidazol-l-yl)propyl) -5- (4-

propoxyphenyl) imidazolidine-2, 4-dione;

1- [3- (5-methyl-lH-imidazol-l-yl)propyl] -5- (4-

phenylphenyl) imidazolidine-2, 4-dione;

5- (3-chlorophenyl) -1- (3- (5-methyl-lH-imidazol-l-

yl) propyl) imidazolidine-2, 4-dione;

1- (3- (4-methyl-lH-imidazol-l-yl) propyl) -5-

phenylimidazolidine-2, 4-dione;

1- [3- (4-methyl-lH-imidazol-l-yl)propyl] -5- (4-

biphenyl) imidazolidine-2, 4-dione;

5- (3-chlorophenyl) -1- (3- (4-methyl-lH-imidazol-l-

yl) propyl) imidazolidine-2, 4-dione;

3- (lH-benzimidazol-5-yl) -1 ',3 '-dihydro-2H, 5H-

spiro [imidazolidine-4, 2 '-indene] -2, 5-dione;

5-(benzo[c] [1,2,5] thiadiazol-6-yl) -1- (lH-benzo [d] imidazol-

5-yl) -2-thioxoimidazolidin-4-one;

1- (lH-benzo [d] imidazol-5-yl) -5-phenyl-2-

thioxoimidazolidin-4-one;

1- (lH-benz imidazol -5-yl) -5- (1, 1 '-biphenyl-4-yl) -2-

thioxoimidazolidin-4-one;

1- (lH-benzo [d] imidazol-5-yl) -5- (3-hydroxy-4-

methoxyphenyl) -2-thioxoimidazolidin-4-one;

1- (lH-benzo [d] imidazol-5-yl) -5-phenyl-4-

thioxoimidazolidin-2-one;

1- (lH-benz imidazol -5-yl) -5- (1, 1 '-biphenyl-4-yl) -A-

thioxoimidazolidin-2-one;



3- (lH-benzimidazol-5-yl )-5-thioxo-l ' , 3' -dihydro-2H-
spiro [imidazolidine-4 ,2 '-inden] -2-one;

1- (lH-benzo [d] imidazol-5-yl) -5- (4-chlorophenyl) -A-

thioxoimidazolidin-2-one;

1- (lH-benzo [d] imidazol-5-yl) -5- (2, 3 ,4-trif luorophenyl) -A-

thioxoimidazolidin-2-one;

1- (lH-benzo [d] imidazol-6-yl) -5- (4-bromo-2-f luorophenyl) -A-

thioxoimidazolidin-2-one;

1- (lH-benzo [d] imidazol-5-yl) -5- (2, 3-dif luoro-4-

methylphenyl) -4-thioxoimidazolidin-2-one;

1- (lH-benzo [d] imidazol-5-yl) -5- (4-chloro-3-methylphenyl) -

4-thioxoimidazolidin-2-one;

1- (lH-benzo [d] imidazol-5-yl) -3-methyl-5-

phenylimida4zolidine-2 ,4-dione;

1- (H-imidazo [l,2-a]pyridin-7-yl) -5-phenyl imidazolidine-

2 ,4-dione;

or a pharmaceutically acceptable salt, solvate or

polymorph thereof, including all tautomers and

stereoisomers thereof.

37. The isoQC inhibitor, use, method or pharmaceutical

composition according to any one of items 1 to 36, wherein

the isoQC inhibitor is 1- (lH-benzo [d] imidazol-5-yl) -5- (4-

propoxyphenyl) imidazolidine-2, 4-dione, which has the

structure :

or a pharmaceutically acceptable salt, solvate or polymorph

thereof, including all tautomers and stereoisomers thereof.



38. Diagnostic assay, comprising an isoQC inhibitor.

39. Diagnostic assay according to item 38, wherein said isoQC

inhibitor is a compound including pharmaceutically

acceptable salts, solvates and stereoisomers thereof, as

defined in any of items 13 to 37.

40. Diagnostic assay according to any of items 38 or 39, wherein

said isoQC inhibitor is (1- (lH-benzo [d] imidazol-5-yl) -5- (4-

propoxyphenyl) imidazolidine-2, 4-dione .

41. A method of diagnosing any one of the diseases and/or

conditions as defined in any of items 1 to 9 , comprising

the steps of

collecting a sample from a subject who is suspected to be

afflicted with said disease and/or condition,

contacting said sample with an isoQC inhibitor, and

determining whether or not said subject is afflicted by

said disease and/or condition.

42. The method according to item 41, wherein said subject is a

human being.

43. The method according to item 41 or 42, wherein said isoQC

inhibitor is a compound including pharmaceutically

acceptable salts, solvates and stereoisomers thereof, as

defined in any of items 13 to 31.

44. The method according to any of items 41 to 43, wherein said

isoQC inhibitor is (1- (lH-benzo [d] imidazol-5-yl) -5- (4-

propoxyphenyl) imidazolidine-2 ,4-dione .

45. The method according to any of items 41 to 44, wherein said

sample is a blood sample, a serum sample, a sample of

cerebrospinal liquor or a urine sample.



46. Diagnostic kit for carrying out the method according to any

of items 41 to 45 comprising as detection means the

diagnostic assay of any of items 38 to 40 and a

determination means.

47. The isoQC inhibitor, use, method, kit or pharmaceutical

composition according to any one of the preceding items,

wherein the isoQC inhibitor inhibits any one of the

polypeptides selected from the group of polypeptides that

comprise any of SEQ ID NO: 11, 12, 13, 14, 15, 16, 17, 18,

57, 58, 59 or 60 or that are encoded by a nucleic acid

comprising any of SEQ ID NO: 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 53, 54,

55 or 56.

48. The isoQC inhibitor, use, method, kit or pharmaceutical

composition according to any one of the preceding items,

wherein the isoQC inhibitor inhibits any one of the

polypeptides selected from the group of polypeptides that

comprise any of SEQ ID NO's: 11 or 12 or that are encoded by

a nucleic acid comprising any of SEQ ID NO's: 2 or 3 .

49. The isoQC inhibitor, use, method, kit or pharmaceutical

composition according to any one of the preceding items,

wherein the isoQC inhibitor inhibits the polypeptide that

comprises SEQ ID NO: 11 or that is encoded by the nucleic

acid comprising SEQ ID NO: 2 .

50. The isoQC inhibitor, use, method, kit or pharmaceutical

composition according to any one of the preceding items,

wherein the isoQC inhibitor inhibits the polypeptide that

comprises SEQ ID NO: 12 or that is encoded by the nucleic

acid comprising SEQ ID NO: 3 .

Very surprisingly, it was shown with the present invention that

in particular inhibitors of isoQC are well suited for a

selective inhibition, are high binding and are particularly well

suited for use in the treatment of inflammatory diseases. This

particular relationship between isoQC inhibition and



inflammatory diseases was surprising and provides clear

advantages in the treatment of inflammatory conditions.

The effect of an isoQC inhibitor for treating a chronic or acute

inflammation, selected from

(a) chronic and acute inflammations, e.g. rheumatoid

arthritis, atherosclerosis, restenosis, pancreatitis,

osteoporosis,

(b) other inflammatory diseases, e.g. neuropathic pain,

graft rejection/graft failure/graft vasculopathy, HIV

infections/AIDS, gestosis, tuberous sclerosis, Guillain-

Barre syndrome, chronic inflammatory demyelinizing

polyradiculoneuropathy and multiple sclerosis,

(c) neuroinf lammation, and

(d) neurodegenerative diseases, e.g. mild cognitive

impairment (MCI), Alzheimer's disease, neurodegeneration in

Down Syndrome, Familial British Dementia, and Familial

Danish Dementia, which may result from neuroinf lammation,

can be tested using the in vivo assays described in examples 12,

15 and 17 of the present invention.

Even preferred according to the present invention is the use of

an isoQC inhibitor in methods of treating atherosclerosis or

multiple sclerosis.

Additionally, the inventors also provide a genetic proof of

concept for the efficacy of the inactivation of isoQC on

inflammatory chemokines in QPCTL knock-out mice, i.e. isolated

peripheral blood mononuclear cells from QPCTL knock out mice

generate after LPS stimulation only scarce amounts of the N-

terminally pGlu-modif ied MCP-I as shown in Example 17, and, the

application of thioglycollate in QPCTL knock out animals does

not stimulate monocyte infiltration to the peritoneum. However,

in QPCTL wild type littermates an infiltration of monocytes was

detected (Example 16 and Figure 26a), since the activity of

isoQC is present there, resulting in proper maturation of MCPs.

These results clearly proof the responsibility of isoQC for the

maturation of inflammatory cytokines like MCP-I, MCP-2, MCP-3



and MCP-4 and, in the reverse case, the efficacy of isoQC

inhibition in preventing the maturation of these chemokines and

thereby in preventing and treating inflammatory diseases.

QPCTLs are proteins with glutaminyl cyclase activities that

constitute novel members of a family of proteins related to

glutaminyl cyclase, including the full-length proteins,

alternative splice forms, subunits, and mutants, as well as

nucleotide sequences encoding the same.

These QPCTL proteins having significant sequence similarity to

glutaminyl cyclase (nucleic acid sequence of SEQ ID NO: 1 ,

protein sequence of SEQ ID NO 10) are proteins (QPCTLs) from

human (further named as human isoQC) (GenBank accession no.

NM_017659), mouse (GenBank accession no. NM_027455) , Macaca

fascicularis (GenBank accession no. AB168255), Macaca mulatta

(GenBank accession no. XM_001110995) , cat (GenBank accession no.

XM_541552), rat (GenBank accession no. XM_001066591) , cow

(GenBank accession no. BT026254) or an analogue thereof having

at least 50% / 75% sequence identity / similarity, preferably

70% / 85% sequence identity / similarity, most preferably 90% /

95% sequence identity / similarity.

The respective protein sequences are given in SEQ. ID NOS: 11 to

18. Further disclosed are nucleic acid sequences coding for

these proteins (SEQ. ID NOS: 2 to 9 ) .

Table 2 : List of Sequences











114 Primer for site-directed mutagenesis ∆Q1P2
115 Primer for site-directed mutagenesis ∆Q1P2

IsoQC Inhibitors

Specific examples of QPCTL enzyme activity inhibitors are

described below. Inhibitors can be, for example, inhibitors of

the QPCTL cyclase activity, or alternatively inhibitors of the

binding activity of the QPCTL to proteins with which they

interact. Specific examples of such inhibitors can include, for

example, anti-QPCTL antibodies, peptides, protein fragments, or

small peptidyl protease inhibitors, or small non-peptide,

organic molecule inhibitors which are formulated in a medium

that allows introduction into the desired cell type.

Alternatively, such inhibitors can be attached to targeting

ligands for introduction by cell-mediated endocytosis and other

receptor mediated events. Such methods are described further

below and can be practiced by those skilled in the art given the

QPCTL nucleotide and amino acid sequences described herein.

Useful inhibitors of QC, which also could be useful as

inhibitors of QPCTLs, are described in WO 2004/098591, WO

2005/075436, WO 2008/055945, WO 2008/055947, WO 2008/055950, WO

2008/065141, WO 2008/110523, WO 2008/128981, WO 2008/128982, WO

2008/128983, WO 2008/128984, WO 2008/128985, WO 2008/128986 and

WO 2008/128987, which are incorporated herein in their entirety,

especially with regard to the structure of the inhibitors and

their production.

Potential QPCTL-inhibitors, which are suitable for uses and

methods according to the present invention, are compounds of

formula (I),



(I)

as described under item 13 above

When carbocyclyl and heterocyclyl are substituted, they are
typically substituted by 1 or 2 substituents (e . g . 1
substituent) . Typically the substituent i s methyl . More

typically carbocyclyl and heterocyclyl groups are unsubstituted .

When aryl and heteroaryl are substituted, they are typically
substituted by 1, 2 or 3 (e . g . 1 or 2) substituents .
Substituents for aryl and heteroaryl are selected from C - alkyl
(e . g . methyl ) , C2_ al kenyl (e . g . buten-3-yl ) , C2- al kynyl (e . g .
butyn-3-yl ) , C - haloalkyl (e . g . f luoromethyl , trif luoromethyl ) ,
- C - t hi oal kyl (e . g . -S-methyl ) , - SOC _4alkyl (e . g . -SOmethyl ) , -
Sθ 2C -4alkyl (e . g . -SO2methyl ) , C - alkoxy- (e . g . methoxy, ethoxy) ,
-O-Cs-scycloalkyl (e . g . -O-cyclopentyl ) , C3-8cycloalkyl (e . g .
cyclopropyl , cyclohexyl ) , -S0 2C3-scycloalkyl (e . g .
Sθ 2cyclohexyl ) , -SOCs- Cycloalkyl (e . g . -SOcyclopropyl ) , C3-

6alkenyloxy- (e . g . -O-buten-2-yl ) , C3_ al kynyl oxy- (e . g . -O-buten-
2-yl ) , - C (O) C _6alkyl (e . g . - C (O) ethyl ) , - C (O) OCi- 6alkyl (e . g . -
C(O) 0-methyl ) , C _6al koxy- C -6alkyl- (e . g . methoxy-ethyl- ) , nitro,
halogen (e . g . fluoro, chloro, bromo) , cyano, hydroxyl , - C (O) OH,

-NH2, - NHC _4alkyl (e . g . -NHmethyl ) , - N (C _4alkyl ) (C _4alkyl ) (e . g .
- N (methyl ) 2) , - C (O) N(C _4alkyl ) (C _4alkyl ) (e . g . - C (O) N(methyl ) 2) ,
- C (O) NH2, - C (O) NH (C _4alkyl ) (e . g . - C (0) NHmethyl ) , - C (O) NH (C3-

l ocycloalkyl ) (e . g . - C (0) NHcyclopropyl ) . More typically,
substituents will be selected from C - alkyl (e . g . methyl ) , C -

6haloalkyl (e . g . C - f luoroalkyl , e . g . CF3) , C - alkoxy (e .g . OMe) ,
halogen and hydroxy .



In one embodiment of the invention, R 1 represents a bicyclic

heteroaryl group. Suitable bicyclic heteoraryl groups include,

for example 9 or 10 membered, but particularly 9 membered

heteroaryl groups. Suitably, these groups contain nitrogen

atoms, for example. 1 or 2 nitrogen atoms. Particulary suitable

bicyclic heteroaryl rings include a 9-membered heteroaryl ring

containing 1 or 2 nitrogen atoms. In some cases, he heteroaryl

group may optionally contain an additional heteroatom selected

from N , O or S , but particularly S . Suitably, the 9-membered

heteroaryl ring comprises a benzene or pyridine ring fused to a

5-membered ring containing one or two nitrogen atoms. More

suitably, it comprises a comprises a benzene ring fused to a 5-

membered ring containing one or two nitrogen atoms In some

cases, the 5-membered ring may also contain an additional

heteroatom selected from N , O or S , but particularly S although

in more suitable compounds, the heteroaryl group does not

contain S atoms. In these fused heteroaryl systems, the point

of attachment is most suitably through the benzene or pyridine

ring.

The aforementioned heteroaryl groups will usually be

unsubstituted but may suitably be substituted by one or more

substituents, suitably 1 or 2 substituents, selected from alkyl

(e.g. Ci-4 alkyl such as Me), alkoxy- (e.g. Ci_4 alkoxy- such as

OMe) and halogen (e.g. F ) .

Specific examples of bicyclic heteroaryl groups comprising a

phenyl group fused to a 5-membered ring which may be present in

the compounds of general formula (I) include, for example:



These groups may be substituted as described above.

Examples of particularly suitable bicyclic heteroaryl groups

include lH-benzimidazolyl, imidazo [1 ,2-a] pyridine and

benzoic] [1 ,25] thiadiazolyl . lH-benzoimidazol-5-yl is especially

suitable .

In an alternative embodiment, R1 represents -Cs-scarbocyclyl-

heteroaryl, -C2_6alkenylheteroaryl, -Ci- alkylheteroaryl, or

(CH2)aCR
5R6 (CH2)bheteroaryl. Compounds in which R1 is -Ci-

6alkylheteroaryl are particularly suitable.

In this embodiment, the heteroaryl group of R1 may be bicyclic,

for example one of the groups described above. However, more

suitable heteroaryl groups are monocyclic, especially 5 or 6

membered rings and more particularly 5 membered rings .

Typically they are nitrogen-containing heterocyclic groups and

more typically contain 1 to 3 nitrogen atoms. Suitably, the

heteroaryl group does not contain S atoms. Aforementioned

heteroaryl groups may either be unsubstituted or may suitably be

substituted by one or more substituents, suitably 1 or 2

substituents selected from alkyl (e.g. Ci_4 alkyl such as Me),

alkoxy- (e.g. Ci_4 alkoxy- such as OMe) and halogen (e.g. F ) .

Particular examples of suitable monocyclic heteroaryl groups

include a 5-membered ring containing 2 or 3 nitrogen atoms,

which ring may optionally be substituted (e.g. in particular by

one or two groups, such as methyl, for example:

V
or



A particularly suitable heteroaryl group is imidazol-1-yl, which

may optionally be substituted as set out above, although methyl

is a particularly suitable substituent.

When R 1 represents -Cs-scarbocyclyl-heteroaryl, examples of

carbocycyl include cycloalkyl (e.g. cyclohexyl) and cycloalkenyl

(e.g. cyclohexenyl) . An exemplary -C3-8carbocyclyl-heteroaryl

group is 3-imidazol-l-yl-cyclohexyl- .

When R 1 represents -C2_6alkenyheteroaryl, examples of C2-6 alkenyl

include C2-4 alkenyl, in particular propenyl . An exemplary

alkenylheteroaryl group is 3-imidazol-l-yl-prop-2-enyl- .

When R 1 represents (CH2)aCR5R 6 (CH2)bheteroaryl wherein a and b

independently represent integers 0-5 provided that a + b = 0-5

and R5 and R 6 are alkylene which together with the carbon to

which they are attached form a C3-C5 cycloalkyl group, examples

include :

Particularly suitable compounds of this embodiment are those in

which R 1 represents -Ci- 6alkylheteroaryl . In such compounds,

examples of Ci-6 alkyl include Ci- 5alkyl or d -4alkyl, especially

C2_5alkyl or C2-4 alkyl. The alkyl group may be straight or

branched and examples where the alkyl group is branched include



Most suitably, the alkyl group is -CH2- , -(CH 2)2 or -(CH 2)3-, with

-(CH 2)3- being particularly suitable. A particularly suitable -

alkylheteroaryl group is 3-imidazol-l-yl-propyl- .

In one embodiment R1 represents

wherein A represents an unbranched Ci- alkylene chain (e.g. an

unbranched Ci-5alkylene chain, e.g. an unbranched d -4alkylene

chain, e.g. an unbranched Ci-3alkylene chain) or A represents a

branched Ci- alkylene chain (e.g. wherein the one or more (e.g.

one or two) branches consist of one or more (e.g. one or two)

methyl groups at the same or different positions) or A

represents (CH2)aCR
5R6 (CH2)b and

R11 R12 and R13 independently represent H or Ci_2alkyl.

In a further embodiment, R1 represents

wherein B represents a bond, -CH2- , -CH2-CH2- , -CH(Me)-, -CH(Me)-

CH2- or -CH2-CH(Me)- and



R and R independently represent H or Ci-2alkyl

In a yet another embodiment, R1 represents

wherein C represents a bond, -CH2- , -CH2-CH2- , -CH(Me)-, -CH(Me)-

CH2- or -CH2-CH(Me)- and

R16 and R17 independently represent H or Ci-2alkyl.

In another embodiment, R1 represents

wherein D represents a bond, -CH2- , -CH2-CH2- , -CH(Me)-, -CH(Me)

CH2- or -CH2-CH(Me)- and

R18 and R19 independently represent H or Ci-2alkyl;

In particularly suitable compounds R1 represents

In one embodiment R14 represents H and R15 represents H . In

another embodiment R represents H and R represents Ci_2alkyl.



In a third embodiment R14 represents Ci-2alkyl and R15 represents

H .

In such compounds B represents a bond, -CH - or -CH CH - . In a

particularly suitable embodiment, B represents a bond. In

another embodiment, B represents -CH2- . In a third embodiment, B

represents -CH2CH2- .

Alternatively R1 represents

R11 suitably represents H ,

R12 suitably represents H or methyl.

R13 suitably represents H or methyl.

In one embodiment of the invention, R12 represents H and R13

represents methyl. In another embodiment, R12 represents methyl

and R13 represents H . In a third embodiment, R12 represents H and

R13 represents H .

Suitably A represents an unbranched C2_s alkylene chain. In one

embodiment, A represents

- (CH2)2- . In another embodiment, A represents - (CH2)3- . In a

third embodiment, A represents - (CH2)4- . In further embodiment,

A represents - (CH2)5- . More suitably A represents - (CH2)2- ,

(CH2)4- or -(CH 2)5- . In one embodiment, A represents -(CH 2)3- . In

another embodiment, A represents - (CH2)4- .

Alternatively A represents a branched C2_5 alkylene chain.

In one embodiment A does not represent -(CH 2)3-.



When A represents a C2-5 alkylene chain, which is substituted by

two alkylene substituents at the same position wherein the two

alkylene substituents are joined to each other to form a C3-

5spiro-cycloalkyl group, the spiro-cycloalkyl group is suitably

C3spiro-cycloalkyl .

Alternatively R 1 represents

In one embodiment R 16 represents H and R1 7 represents H. In
another embodiment R 16 represents H and R 1 7 represents C _2alkyl .
In a third embodiment R16 represents Ci-2alkyl and R 17 represents

H.

Suitably C represents a bond, -CH 2- or -CH 2CH2- . In one

embodiment C represents a bond. In another embodiment, C

represents -CH 2- . In a third embodiment, C represents -CH 2CH2- .

Alternatively R 1 represents

In one embodiment R 18 represents H and R1 9 represents H. In
another embodiment R 1 represents H and R 1 9 represents C _2alkyl .
In a third embodiment R1 8 represents C _2alkyl and R1 9 represents
H.



Suitably D represents a bond, -CH2- or -CH2CH2- . In one

embodiment D represents a bond. In another embodiment, D

represents -CH2- . In a third embodiment, D represents -CH2CH2- .

More suitably R1 represents

or

Most suitably R1 represents

In a particularly suitable embodiment, the compound of formula

(I) is represented by



r

Most suitably, the compound of formula (I) is represented by



When R2 represents -Ci-salkyl, examples include methyl, ethyl,

propyl (e.g. n-propyl, isopropyl) , butyl (e.g. n-butyl- sec-

butyl, isobutyl and tert-butyl) , pentyl (e.g. n-pentyl, 3,3,-

dimethylpropyl) , hexyl, heptyl and octyl .

When R2 represents optionally substituted aryl, aryl may

typically represent phenyl. Exemplary substituted phenyl groups

include 2 ,4-dichlorophenyl-, 2 ,4-dif luororophenyl-, 2,4-

dimethoxyphenyl-, 2 ,4-dimethylphenyl-, 2,4-

bis (trif luoromethyl) phenyl-, 2 ,4 , 6-trif luorophenyl-, 2,4,6-

trimethylphenyl-, 2 ,6-dichlorophenyl-, 2 ,6-dif luorophenyl-, 2,6-

dimethoxyphenyl-, 2-isopropyl-6-methylphenyl-, 3-

(cyclopentyloxy) -4-methoxyphenyl-, 3 , 4 ,5-trimethoxyphenyl-, 3,4-

dimethoxyphenyl-, 3 ,4-dichlorophenyl-, 3 ,4-dimethylphenyl-,

3 , 4 ,5-trif luorophenyl-, 3 ,5-bis (trifluororomethyl) phenyl-, 3,5-

dimethoxyphenyl-, 3-methoxyphenyl-, 4- (trifluoromethyl) phenyl-,

4-bromo-2- (trifluoromethyl) phenyl-, 4-bromophenyl-, 4-chloro-3-

(trifluoromethyl) phenyl-, 4-chlorophenyl-, 4-cyanophenyl-, 4-

ethoxyphenyl-, 4-ethylphenyl-, 4-fluorophenyl-, 4-

isopropylphenyl-, 4-methoxyphenyl-. Alternatively, R2 may

represent unsubstituted phenyl-. Further exemplary substituted

phenyl groups include 2 ,3 ,4-trif luorophenyl, 2 ,3-dif luoro-4-

methylphenyl, 2-bromo-4-f luorophenyl-, 2-bromo-5-f luorophenyl-,

2-chlorophenyl-, 2-fluoro-5- (trifluoromethyl) phenyl-, 2-hydroxy-

3-methoxyphenyl-, 2-hydroxy-5-methylphenyl-, 3-chlorophenyl-, 3-

fluoro-4- (trifluoromethyl) phenyl-, 3-hydroxy-4-methoxyphenyl-,

4-bromo-2-f luorophenyl, 4-chloro-3- (trifluoromethyl) phenyl-, 4-



chloro-3-methylphenyl, 4-chlorophenyl-, 4-fluorophenyl- and 4-

propoxyphenyl- .

When R2 represents optionally substituted aryl and aryl

represents naphthyl, examples include unsubstituted naphthyl

(e.g. naphthalen-1-yl, naphthalen-2-yl, naphthalen-3-yl) as well

as substituted naphthyl (e.g. 4-methyl-naphthalen-2-yl-, 5-

methyl-naphthalen-3-yl-, 7-methyl-naphthalen-3-y- and 4-fluoro-

naphthalen-2-yl-) .

When R2 represents optionally substituted heteroaryl, examples

include monocyclic rings (e.g. 5 or 6 membered rings) and

bicyclic rings (e.g. 9 or 10 membered rings) which may

optionally be substituted. Example 5 membered rings include

pyrrolyl (e.g. pyrrol-2-yl) and imidazolyl (e.g. lH-imidazol-2-

yl or lH-imidazol-4-yl) , pyrazolyl (e.g. lH-pyrazol-3-yl) ,

furanyl (e.g. furan-2-yl) , thiazolyl (e.g. thiazol-2-yl) ,

thiophenyl (e.g. thiophen-2-yl, thiophen-3-yl) . Example 6

membered rings include pyridinyl (e.g. pyridin-2-yl and pyridin-

4-yl) . Specific substituents that may be mentioned are one or

more e.g. 1 , 2 or 3 groups selected from halogen, hydroxyl,

alkyl (e.g. methyl) and alkoxy- (e.g. methoxy-) . Example

substituted 5 membered rings include 4 ,5-dimethyl-furan-2-yl-,

5-hydroxymethyl-f uran-2-yl-, 5-methyl-furan-2-yl- and 6-methy1-

pyridin-2-yl-. An example substituted 6-membered ring is 1-oxy-

pyridin-4-yl- . Example 9 membered rings include lH-indolyl

(e.g. lH-indol-3-yl, lH-indol-5-yl) , benzothiophenyl (e.g.

benzo [b] thiophen-3-yl, particularly 2-benzo [b] thiophen-3-yl) ,

benzo [1 ,2 ,5 ]-oxadiazolyl (e.g. benzo [1 ,2 ,5 ]-oxadiazol-5-yl) ,

benzo [1 ,2 ,5 ]-thiadiazolyl (e.g. benzo [1 ,2 ,5 ]-thiadiazol-5-yl,

benzo [1 ,2 ,5 ]thiadiazol-6-yl) . Example 10 membered rings include

quinolinyl (e .g .quinolin-3-yl, quinolin-4-yl, quinolin-8-yl) .

Specific substituents that may be mentioned are one or more e.g.

1 , 2 or 3 groups selected from halogen, hydroxyl, alkyl (e.g.

methyl) and alkoxy- (e.g. methoxy-). Example substituted 9-

membered rings include l-methyl-lH-indol-3-yl, 2-methyl-lH-

indol-3-yl, 6-methyl-lH-indol-3-yl . Example substituted 10

membered rings include 2-chloro-quinolin-3-yl, 8-hydroxy-



quinolin-2-yl, oxo-chromenyl (e.g. 4-oxo-4H-chromen-3-yl) and 6-

methyl-4-oxo-4H-chromen-3-yl .

When R2 represents carbocyclyl, examples include cycloalkyl and

cycloalkenyl . Examples of cycloalkyl include cyclopropyl,

cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl. Examples of

cycloalkenyl include cyclohexenyl (e.g. cyclohex-2-enyl,

cyclohex-3-enyl) . Examples of substituted carbocyclyl include 2-

methyl-cyclohexyl-, 3-methyl-cyclohexyl-, 4-methyl-cyclohexyl-,

2-methyl-cyclohex-2-enyl, 2-methyl-cyclohex-3-enyl, 3-me thy 1-

cyclohex-3-enyl, 3-methyl-cyclohex-3-enyl .

When R2 represents heterocyclyl (which may optionally be

substituted) , examples include tetrahydrofuranyl, morpholinyl,

piperdinyl, 3 ,4-dihydro-2H-pyranyl, pyrrolidinyl,

methyltetrahydrof uranyl- (e.g. 5-methyltetrahydrofuran-2-yl-) .

When R2 represents -Ci-4alkylaryl, examples include -

alkyl (substituted phenyl) e.g. in which phenyl is substituted by

one or more groups selected from alkyl, fluoroalkyl, halogen and

alkoxy (e.g. methyl, trif luoromethyl, tert-butyl, chloro, fluoro

and methoxy) and, for example, alkyl is C1-4 alkyl. Another

specific group is -alkyl (bicyclic aryl) e.g. wherein bicyclic

aryl is optionally substituted naphthyl . A further specific

group is benzyl.

When R2 represents -Ci-4alkylheteroaryl in which heteroaryl is

optionally substituted, examples include methylheteroaryl and -

ethylheteroaryl (e.g. 1-heteroarylethyl- and 2-heteroarylethyl-

), -propylheteroaryl and -butylheteroaryl in which heteroaryl is

optionally substituted. Specific examples of -alkylheteroaryl

groups include pyridinylmethyl-, N-methyl-pyrrol-2-methyl- N -

methyl-pyrrol-2-ethyl-, N-methyl-pyrrol-3-methyl-, N-methyl-

pyrrol-3-ethyl-, 2-methyl-pyrrol-l-methyl-, 2-methyl-pyrrol-l-

ethyl-, 3-methyl-pyrrol-l-methyl-, 3-methyl-pyrrol-l-ethyl-, 4-

pyridino-methyl-, 4-pyridino-ethyl-, 2- (thiazol-2-yl) -ethyl-, 2-

ethyl-indol-1-methyl-, 2-ethyl-indol-l-ethyl-, 3-ethyl-indol-l-

methyl-, 3-ethyl-indol-l-ethyl-, 4-methyl-pyridin-2-methyl-, 4-



methyl-pyridin-2-yl-ethyl-, 4-methyl-pyridin-3-methyl-, 4-

methyl-pyridin-3-ethyl- .

When R2 represents (which may optionally be

substituted) , examples include -methyl-cyclopentyl, -methyl-

cyclohexyl, -ethyl-cyclohexyl, -propyl-cyclohexyl, -methyl-

cyclohexenyl, -ethyl-cyclohexenyl, -methyl (4-methylcyclohexyl)

and -propyl (3-methylcyclyohexyl) .

When R2 represents (which may optionally be

substituted); examples include -methyl-tetrahydrofuranyl (e.g. -

methyl-tetrahydrofuran-2-yl, -methyl-tetrahydrofuran-3-yl) ,

ethyl-tetrahydrofuranyl, -methyl-piperidinyl .

When R2 represents phenyl substituted by phenyl or phenyl

substituted by a monocyclic heteroaryl group, in which any of

aforesaid phenyl and heteroaryl groups may optionally be

substituted, typically the phenyl ring connected directly to the

nitrogen atom is unsubstituted and the terminal phenyl ring or

the monocyclic heteroaryl ring is optionally substituted by one,

two or three substitutents (e.g. one or two, e.g. one) .

Typically the terminal phenyl or monocyclic heteroaryl group is

unsubstituted. Typically the terminal phenyl or monocyclic

heteroaryl group substitutes the other phenyl group at the 4-

position.

When R2 represents phenyl substituted by phenyl in which any of

aforesaid phenyl groups may optionally be substituted, examples

include -biphenyl-4-yl .

When R2 represents phenyl substituted by a monocyclic heteroaryl

group, in which any of aforesaid phenyl and heteroaryl groups

may optionally be substituted, examples include 4- (oxazol-5-

yl) phenyl- .

When R2 represents phenyl substituted by benzyloxy in which any

of aforesaid phenyl and benzyloxy groups may optionally be



substituted, examples include 4-benzyloxy-phenyl-, 4- (3-

methylbenzyloxy) phenyl- and 4- (4-methylbenzyloxy) phenyl- .

When R2 represents optionally substituted phenyl fused to

optionally substituted carbocyclyl, examples include indanyl

(e.g. indan-4-yl-, 2-methyl-indan-4-yl-) , indenyl and

tetralinyl .

When R2 represents optionally substituted phenyl fused to

optionally substituted heterocyclyl, examples include

benzo [1 , 3 ]dioxo-4-yl- and 2 ,3-dihydro-benzo [1, 4 ]dioxin-4-yl- .

When R2 represents -Ci-4alkyl (phenyl substituted by phenyl),

examples include biphenyl-4-yl-methyl- .

When R2 represents -Ci-4alkyl (phenyl substituted by a monocyclic

heteroaryl group), examples include 4- (oxazol-5-yl) phenyl-

methyl- .

When R2 represents -Ci-4alkyl (phenyl substituted by benzyloxy) in

which any of aforesaid phenyl and benzyloxy groups may

optionally be substituted, examples include 4-benzyloxy-phenyl-

methyl-, 4- (3-methylbenzyloxy) phenyl-methyl- and 4- (4-

methylbenzyloxy) phenyl-methyl- .

When R2 represents -Ci-4alkyl (optionally substituted phenyl fused

to optionally substituted carbocyclyl) , examples include

indanyl-methyl- (e.g. indan-4-yl-methyl-, 2-methyl-indan-4-yl-

methyl-) , indenyl-methyl- and tetralinyl-methyl- .

When R2 represents -Ci-4alkyl (optionally substituted phenyl fused

to optionally substituted heterocyclyl) ; examples include

benzo [1, 3 ]dioxo-4-yl -methyl- and 2 ,3-dihydro-benzo [l,4]dioxin-4-

yl-methyl- .

Suitably R2 represents aryl, heteroaryl, phenyl substituted by

phenyl, phenyl fused to heterocyclyl or R2 and R3 are joined to

form a carbocyclyl ring which is fused to phenyl, the aforesaid



aryl, heteroaryl, phenyl, heterocyclyl and carbocyclyl groups

optionally being substituted.

More suitably, R 2 represents aryl, heteroaryl, phenyl substituted

b y phenyl or phenyl fused to heterocyclyl, the aforesaid aryl,

heteroaryl, phenyl and heterocyclyl groups optionally being

substituted.

In one embodiment, R 2 represents optionally substituted

heteroaryl. When R 2 represents optionally substituted

heteroaryl, R 2 suitably represents benzoic] [1 ,2 ,5 ]thiadiazol-6-

Yl.

In one embodiment, R 2 represents phenyl substituted b y phenyl,

the aforesaid phenyl groups optionally being substituted, for

example b y one or more substitutents which may b e the same or

different and are chosen from halo, OH, Ci-3alkyl, C1-3 haloalkyl,

Ci-3 alkoxy, C1-3 haloalkoxy. When R 2 represents phenyl

substituted b y phenyl, R 2 suitably represents -biphenyl-4-yl .

In one embodiment, R 2 represents optionally substituted phenyl

fused to optionally substituted heterocyclyl. When R 2 represents

optionally substituted phenyl fused to optionally substituted

hheetteerrooccyyccllyyll,, RR 22 suitably represents 2,3-dihydro-

benzo [1, 4 ]dioxin-4-yl- .

In a further embodiment, R 2 represents optionally substituted

aryl especially optionally substituted phenyl. In suitable

compounds o f this type, R 2 represents phenyl optionally

substituted b y one or more substitutents. In general, when R 2 is

optionally substituted phenyl, it is unsubstituted or has one,

two or three substituents, which may b e the same or different

and are chosen from halo, OH, Ci-3alkyl, C1-3 haloalkyl, C1-3

alkoxy, C1-3 haloalkoxy. Specific examples o f these

substituents include F , Cl, Br, OH, methyl, trif luoromethyl,

ethyl, n-propyl, methoxy, ethoxy and n-propoxy.



A particularly suitable R2 group is phenyl substitututed by n-

propyloxy, particularly 4-n-propoxyphenyl .

When R represents -Ci-4alkyl, examples include methyl, ethyl,

propyl (e.g. n-propyl, isopropyl) and butyl (e.g. n-butyl- sec-

butyl, isobutyl and tert-butyl) .

When R3 represents optionally substituted aryl, aryl may

typically represent phenyl. Exemplary substituted phenyl groups

include 2 ,4-dichlorophenyl-, 2 ,4-dif luororophenyl-, 2,4-

dimethoxyphenyl-, 2 ,4-dimethylphenyl-, 2,4-

bis (trif luoromethyl) phenyl-, 2 ,4 , 6-trif luorophenyl-, 2,4,6-

trimethylphenyl-, 2 ,6-dichlorophenyl-, 2 ,6-dif luorophenyl-, 2,6-

dimethoxyphenyl-, 2-isopropyl-6-methylphenyl-, 3-

(cyclopentyloxy) -4-methoxyphenyl-, 3 , 4 ,5-trimethoxyphenyl-, 3,4-

dimethoxyphenyl-, 3 ,4-dichlorophenyl-, 3 ,4-dimethylphenyl-,

3 , 4 ,5-trif luorophenyl-, 3 ,5-bis (trifluororomethyl) phenyl-, 3,5-

dimethoxyphenyl-, 3-methoxyphenyl-, 4- (trifluoromethyl) phenyl-,

4-bromo-2- (trifluoromethyl) phenyl-, 4-bromophenyl-, 4-chloro-3-

(trifluoromethyl) phenyl-, 4-chlorophenyl-, 4-cyanophenyl-, 4-

ethoxyphenyl-, 4-ethylphenyl-, 4-fluorophenyl-, 4-

isopropylphenyl-, 4-methoxyphenyl-. Alternatively, R may

represents unsubstituted phenyl-. Further exemplary substituted

phenyl groups include 2-bromo-4-f luorophenyl-, 2-bromo-5-

fluorophenyl-, 2-chlorophenyl-, 2-fluoro-5-

(trif luoromethyl) phenyl-, 2-hydroxy- 3-methoxyphenyl-, 2-hydroxy-

5-methylphenyl-, 3-chlorophenyl-, 3-fluoro-4-

(trif luoromethyl) phenyl-, 3-hydroxy-4-methoxyphenyl-, 4-chloro-

3- (trifluoromethyl) phenyl-, 4-chlorophenyl-, 4-fluorophenyl- and

4-propoxyphenyl- .

When R2 and R3 are joined to form a carbocyclyl ring, which is

optionally substituted by one or more Ci-2alkyl groups, examples

include cycloalkyl (e.g. cyclopropyl, cyclopentyl and

cyclohexyl) and cycloalkenyl (e.g. cyclohexenyl) .



When R2 and R3 are joined to form a carbocyclyl ring which is

fused to phenyl; examples include indanyl (e.g. indan-2-yl) and

tetralinyl .

When R2 and R3 are joined to form a carbocyclyl ring which is

fused to monocyclic heteroaryl; examples include 5-membered

carbocyclyl fused to 6-membered heteroaryl, 6-membered

carbocyclyl fused to 6-membered heteroaryl, 5-membered

carbocyclyl fused to 5-membered heteroaryl and 6-membered

carbocyclyl fused to 5-membered heteroaryl. The monocyclic

heteroaryl to which carbocyclyl is fused contains at least one

heteroatom (e.g. one, two or three heteroatoms, e.g. one or two,

e.g. one heteroatom).

Suitably R3 represents H or R2 and R3 are joined to form a

carbocyclyl ring which is fused to phenyl. Most suitably R3

represents H .

When R4 represents -Ci-salkyl examples include methyl, ethyl,

propyl (e.g. n-propyl, isopropyl) , butyl (e.g. n-butyl- sec-

butyl, isobutyl and tert-butyl) , pentyl (e.g. n-pentyl, 3,3,-

dimethylpropyl) , hexyl, heptyl and octyl .

When R4 represents -C (O) Ci- alkyl; examples include -C (O) Ci-4alkyl

such as -C (O) methyl, -C(O) ethyl, -C(0)propyl and -C(O)butyl.

Suitably R4 represents H , -Ci_8alkyl or -C (0) Ci_ 6alkyl . More

suitably R4 represents H or -Ci-salkyl, e.g. H or methyl. Most

suitably R4 represents H .

In one embodiment X represents 0 . In an alternative embodiment

X represents S .

In one embodiment Y represents 0 . In an alternative embodiment

Y represents S .



In one embodiment X represents O and Y represents S . In an

alternative embodiment X represents S and Y represents O .

Suitably X and Y both represent 0 .

Most particularly, the compound of formula (I) is represented by



wherein R2 and R3 are as defined above.

Most suitably, the compound of formula (I) is represented by

wherein R2 and R3 are as defined above.

The compounds of the present invention have several advantages,

which make them especially useful for the treatment of QC

related disases in the CNS, i.e. the compounds of the present

invention are potent QC inhibitors and have a favourable logBB

as well as reach a high concentration in brain.

Particularly suitable compounds of general formula (I) are

selected from:

1 . 5-(benzo[c] [1 ,2 ,5 ]thiadiazol-6-yl) -1- (lH-benzo [d] imidazol-

5-yl) imidazolidine-2 ,4-dione



2 . 1- (lH-benzo [d] imidazol-5-yl) -5-phenylimidazolidine-2, 4-

dione

3 . 1- (lH-benzo [d] imidazol-5-yl) -5- (2-hydroxy- 5-

methylphenyl) imidazolidine-2, 4-dione

4 . 1- (lH-benzo [d] imidazol-5-yl) -5- (2-fluoro-5-

trif luoromethyl) phenyl) imidazolidine-2, 4-dione

5 . 1- (lH-benzo [d] imidazol-5-yl) -5- (2-bromo-5-

fluorophenyl) imidazolidine-2, 4-dione

6 . 1- (lH-benzo [d] imidazol-5-yl) -5- (4-

propoxyphenyl) imidazolidine-2, 4-dione

7 . 1- (lH-benzo [d] imidazol-5-yl) -5- (4-chloro-3-

trif luoromethyl) phenyl) imidazolidine-2, 4-dione

8 . 1- (lH-benzo [d] imidazol-5-yl) -5- (3-fluoro-

4 (trifluoromethyl) phenyl) imidazolidine-2, 4-dione

9 . 1- (lH-benzo [d] imidazol-5-yl) -5- (3-hydroxy-4-

methoxyphenyl) imidazolidine-2, 4-dione

10 . 1- (lH-benzo [d] imidazol-5-yl) -5- (2-hydroxy-3-

methoxyphenyl) imidazolidine-2, 4-dione

11. 1- (lH-benz imidazol-5-yl) -5- (1, 1'-biphenyl-4-

yl) imidazolidine-2, 4-dione

12. 1- (lH-benzo [d] imidazol-5-yl) -5- (3-

chlorophenyl) imidazolidine-2, 4-dione

13. 1- (lH-benzo [d] imidazol-5-yl) -5- (4-

chlorophenyl) imidazolidine-2, 4-dione

14. 1- (lH-benzo [d] imidazol-5-yl) -5- (2-

chlorophenyl) imidazolidine-2, 4-dione

15. 1- (lH-benzo [d] imidazol-5-yl) -5- (4-

fluorophenyl) imidazolidine-2, 4-dione

16. 1- (lH-benzo [d] imidazol-5-yl) -5- (2, 3-

dihydrobenzo [b] [1 ,4]dioxin-7-yl) imidazolidine-2, 4-dione

17 . 1- (3- (lH-imidazol-1-yl) propyl) -5-phenyl imidazolidine-

2 ,4-dione

18. 1- (3- (IH- imidazol-1-yl) propyl) -5- (2-bromo-4-

fluorophenyl) imidazolidine-2, 4-dione

19. 1- (3- (lH-imidazol-l-yl)propyl) -5- (4-

propoxyphenyl) imidazolidine-2, 4-dione

20. 1- (3- (IH- imidazol-1-yl) propyl) -5- (3-fluoro-4-

(trif luoromethyl) phenyl) imidazolidine-2, 4-dione



21. 1- [3- (lH-imidazol-1-yl) propyl] -5- (4-

biphenyl) imidazolidine-2, 4-dione

22. 1- (3- (IH- imidazol-1-yl) propyl) -5- (3-

chlorophenyl) imidazolidine-2, 4-dione

23. 1- (3- (lH-imidazol-l-yl)propyl) -5- (2-

chlorophenyl) imidazolidine-2, 4-dione

24. 1- (3- (5 -methyl -IH- imidazol-1-yl) propyl) -5-

phenylimidazolidine-2 ,4-dione

25 . 5- (2-bromo-5-f luorophenyl) -1- (3- (5 -methyl -IH- imidazol-

1-yl) propyl) imidazolidine-2 ,4-dione

26. 1- (3- (5-methyl-lH-imidazol-l-yl)propyl) -5- (4-

propoxyphenyl) imidazolidine-2, 4-dione

27. 1- [3- (5 -methyl -IH- imidazol -1-yl) propyl] -5- (4-

phenylphenyl) imidazolidine-2, 4-dione

28. 5- (3-chlorophenyl) -1- (3- (5-methyl-lH-imidazol-l-

yl) propyl) imidazolidine-2 ,4-dione

29. 1- (3- (4-methyl-lH-imidazol-l-yl)propyl) -5-

phenylimidazolidine-2 ,4-dione

30. 1- [3- (4 -methyl -IH- imidazol -1-yl) propyl] -5- (4-

biphenyl) imidazolidine-2, 4-dione

31 . 5- (3-chlorophenyl) -1- (3- (4-methyl-lH-imidazol-l-

yl) propyl) imidazolidine-2 ,4-dione

32 . 3- (lH-benzimidazol-5-yl) -1 ',3 '-dihydro-2H, 5H-

spiro [imidazolidine-4 ,2 '-indene] -2, 5-dione

33. 5- (benzo [c] [1,2, 5 ]thiadiazol-6-yl) -1- (IH-

benzo [d] imidazol-5-yl) -2-thioxoimidazolidin-4-one

34 . 1- (lH-benzo [d] imidazol-5-yl) -5-phenyl-2-

thioxoimidazolidin-4-one

35. 1- (lH-benz imidazol-5-yl) -5- (1, 1'-biphenyl -4-yl) -2-

thioxoimidazolidin-4-one

36. 1- (lH-benzo [d] imidazol-5-yl) -5- (3-hydroxy- 4-

methoxyphenyl) -2-thioxoimidazolidin-4-one

37 . 1- (lH-benzo [d] imidazol-5-yl) -5-phenyl-4-

thioxoimidazolidin-2-one

38. 1- (lH-benzimidazol-5-yl) -5- (1, 1'-biphenyl-4-yl) -4-

thioxoimidazolidin-2-one

39. 3- (lH-benzimidazol-5-yl) -5-thioxo-l ',3 '-dihydro-2H-

spiro [imidazolidine-4, 2 '-inden] -2-one



40 . 1- (lH-benzo [d] imidazol-5-yl) -5- (4-chlorophenyl) -4-

thioxoimidazolidin-2-one

41. 1- (lH-benzo [d] imidazol-5-yl) -5- (2, 3 ,4-trif luorophenyl) -

4-thioxoimidazolidin-2-one

42 . 1- (lH-benzo [d] imidazol-6-yl) -5- (4-bromo-2-

fluorophenyl) -4-thioxoimidazolidin-2-one

43. 1- (lH-benzo [d] imidazol-5-yl) -5- (2, 3-dif luoro-4-

methylphenyl) -4-thioxoimidazolidin-2-one

44. 1- (lH-benzo [d] imidazol-5-yl) -5- (4-chloro-3-

methylphenyl) -4-thioxoimidazolidin-2-one

45 . 1- (lH-benzo [d] imidazol-5-yl) -3-methyl-5-

phenylimida4zolidine-2, 4-dione

46. 1- (H-imidazo [l,2-a]pyridin-7-yl) -5-phenyl imidazolidine-

2 ,4-dione;

or a pharmaceutically acceptable salt, solvate or polymorph

thereof, including all tautomers and stereoisomers thereof.

A particularly suitable compound of formula (I) in this regard

is the compound of Example 6 , 1- (lH-benzo [d] imidazol-5-yl) -5- (4-

propoxyphenyl) imidazolidine-2, 4-dione, which has the structure:

The compounds of formula (I) have a chiral centre at the carbon

atom to which R2 and R3 are attached and the inventors have

succeeded in isolating each of the enantiomers in compounds of

formula (I) . For example in the case of the compound of Example

6 , the inventors have isolated both, (R) -1- (lH-benzo [d] imidazol-

5-yl) -5- (4-propoxyphenyl) imidazolidine-2, 4-dione and (S)-I-(IH-



benzo [d] imidazol-5-yl) -5- (4-propoxyphenyl) imidazolidine-2, 4-

dione .

Therapeutic uses

Physiological substrates of isoQC (QPCTL) in mammals are, e.g.

amyloid beta-peptides (3-40) (SEQ ID NO. 91), (3-42) (SEQ ID NO.

92), (11-40) (SEQ ID NO. 93) and (11-42) (SEQ ID NO. 94), Abri

(SEQ ID NO. 95), Adan (SEQ ID NO. 96), Gastrin (SEQ ID NO. 97),

Neurotensin (SEQ ID NO. 98), FPP (SEQ ID NO. 99), CCL2 (SEQ ID

NO. 100), CCL7 (SEQ ID NO. 101), CCL8 (SEQ ID NO. 102), CCL13

(SEQ ID NO. 103), CCL16 (SEQ ID NO. 104), CCL18 (SEQ ID NO.

105), Fractalkine (SEQ ID NO. 106), Orexin A (SEQ ID NO. 107),

[GIn5]-substance P (5-11) (SEQ ID NO. 108) and the peptide QYNAD

(SEQ ID NO. 109) . The isoQC inhibitors and/or combinations

according to the present invention and pharmaceutical

compositions comprising at least one inhibitor of isoQC are

useful for the treatment of conditions that can be treated by

modulation of QC activity.

Glutamate is found in positions 3 , 11 and 22 of the amyloid β-
peptide (A β). Among them the mutation from glutamic acid (E) to

glutamine (Q) in position 22 (corresponding to amyloid precursor

protein APP 693, Swissprot P05067) has been described as the so

called Dutch type cerebroarterial amyloidosis mutation.

The β-amyloid peptides with a pyroglutamic acid residue in

position 3 , 11 and/or 22 have been described to be more

cytotoxic and hydrophobic than the amyloid β-peptides 1-40/42

(Saido T .C . 2000 Medical Hypotheses 54(3): 427-429).

The multiple N-terminal variations, e.g. Aβ (3-40), Aβ (3-42),

Aβ (11-40) and Aβ (11-42) can be generated by the β-secretase
enzyme β-site amyloid precursor protein-cleaving enzyme (BACE) at

different sites (Huse J .T . et al . 2002 J . Biol. Chem. 277 (18):

16278-16284), and/or by aminopeptidase or

dipeptidylaminopeptidase processing from the full lenght

peptides Aβ (l-40) and Aβ (l-42). In all cases, cyclization of the

then N-terminal occuring glutamic acid residue to pyroglutamate

can by catalyzed by isoQC.



CCL2 (MCP-I), CCL7 (MCP-3), CCL8 (MCP-2), CCL13 (MCP-4), CCL16,

CCL18 and fractalkine play an important role in

pathophysiological conditions, such as suppression of

proliferation of myeloid progenitor cells, neoplasia,

inflammatory host responses, cancer, psoriasis, rheumatoid

arthritis, atherosclerosis, vasculitis, humoral and cell-

mediated immunity responses, leukocyte adhesion and migration

processes at the endothelium, inflammatory bowel disease,

restenosis, pulmonary fibrosis, pulmonary hypertention, liver

fibrosis, liver cirrhosis, nephrosclerosis, ventricular

remodeling, heart failure, arteriopathy after organ

transplantations and failure of vein grafts. The N-terminus of

each of these peptides starts with an glutaminyl residue and the

cyclization of the then N-terminal occuring glutaminyl residue

to pyroglutamate can by catalyzed by isoQC.

Recently, increased levels of the pentapeptide QYNAD were

identified in the cerebrospinal fluid (CSF) of patients

suffering from multiple sclerosis or Guillain-Barre syndrome

compared to healthy individuals (Brinkmeier H . et al . 2000,

Nature Medicine 6 , 808-811) . There is a big controversy in the

literature about the mechanism of action of the pentapeptide

Gln-Tyr-Asn-Ala-Asp (QYNAD) , especially its efficacy to interact

with and block sodium channels resulting in the promotion of

axonal dysfunction, which are involved in inflammatory

autoimmune diseases of the central nervous system. But recently,

it could be demonstrated that not QYNAD, but its cyclized,

pyroglutamated form, pEYNAD, is the active form, which blocks

sodium channels resulting in the promotion of axonal

dysfunction. Sodium channels are expressed at high density in

myelinated axons and play an obligatory role in conducting

action potentials along axons within the mammalian brain and

spinal cord. Therefore, it is speculated that they are involved

in several aspects of the pathophysiology of inflammatory

autoimmune diseases, especially multiple sclerosis, the

Guillain-Barre syndrome and chronic inflammatory demyelinizing

polyradiculoneuropathy.



Furthermore, QYNAD is a substrate of isoQC, which is also

present in the brain of mammals, especially in human brain.

IsoQC catalyzes effectively the formation of pEYNAD from its

precursor QYNAD.

Accordingly, the present invention provides the use of isoQC

inhibitors for the prevention or treatment of a disease selected

from the group consisting of

a . chronic and acute inflammations, e.g. rheumatoid

arthritis, atherosclerosis, restenosis,

pancreatitis, osteoporosis,

b . other inflammatory diseases, e.g. neuropathic pain,

graft rejection/graft failure/graft vasculopathy,

HIV infections/AIDS, gestosis, tuberous sclerosis,

Guillain-Barre syndrome, chronic inflammatory

demyelinising polyradiculoneuropathy and multiple

sclerosis,

c . neuroinf lammation, and

d . neurodegenerative diseases, e.g. mild cognitive

impairment (MCI), Alzheimer's disease,

neurodegeneration in Down Syndrome, Familial British

Dementia, and Familial Danish Dementia, which may

result from neuroinf lammation .

Preferred according to the present invention is the use of isoQC

inhibitors for the treatment of chronic and acute inflammations,

e.g. rheumatoid arthritis, atherosclerosis, restenosis,

pancreatitis and osteoporosis.

Especially preferred is the use of isoQC inhibitors for the

treatment of rheumatiod arthritis and/or atherosclerosis.

Even preferred is the use of isoQC inhibitors for the treatment

of multiple sclerosis.

Most preferred is the use of isoQC inhibitors for the treatment

of neuroinf lammation .



In particular preferred is the use of isoQC inhibitors for the

treatment of mild cognitive impairment (MCI), Alzheimer's

disease, neurodegeneration in Down Syndrome, Familial British

Dementia, and Familial Danish Dementia, which may result from

neuroinf lammation .

In a further embodiment the present invention provides a method

for preventing or treating a disease or condition as

aforementioned, comprising administering to a subject in need

thereof a pharamaceutically effective amount of an isoQC-

inhibtor or a pharmaceutically acceptable salt thereof.

Additionally, the present invention provides the use of an

isoQC-inhibitor or a pharmaceutically acceptable salt thereof

for the preparation of a medicament for the prevention or

treatment of any of the aforementioned diseases or conditions.

Any isoQC inhibitor may be employed for use in said method of

treatment or pharmaceutical use. Preferred are the isoQC

inhibitors of formla (I) . More preferred are the isoQC

inhibitors of examples 1 to 46 as listed in the table below.

Most preferred for the use in said method of treatment or

pharmaceutical use is example 6 (1- (lH-benzo [d] imidazol-5-yl) -5-

(4-propoxyphenyl) imidazolidine-2 ,4-dione) of the formula

furtheron referred to herein as isoQC-I



Table 3 : Examples of isoQC inhibitors of formula (I)















General synthesis description

Method 1 (examples 1-32)

The corresponding amine (leq) was dissolved in abs . EtOH (25ml

in case of 0.01 mol starting material) . The aldehyde (leq) or

ketone was added and the mixture was stirred overnight at 25-

30 0C (reaction control for completeness of the Schiff-base

formation by TLC, eluent: 10% v/v methanole in CHCI3, on Alugram®

SIL G Silica -Gel 60, Rf 0,2mm).

Ethylene glycole (25ml in case of 0.01 mol starting material)

was added and the solution was cooled down to 0-5 0C , then the

corresponding isomtrile (leq), KOCN (leq), and pyridimum-

chlo π de (leq) were added. The mixture was stirred for 2 .5h at

0-5 0C , then overnight at r.t.

After that an aqueous solution of TFA (10% (v/v, 150ml in case

of 0.01 mol starting material) was added and the mixture was

stirred overnight at 50-60°C. After that the EtOH and TFA were

evaporated and the remaining aqueous solution was subjected to

semi-preparative HPLC.

The free base of the product was suspended in water and 1

equivalent of NaOH (aqueous solution) was added. The solution

was frozen and subjected to lyophylisation .



Method 2 (Examples 33-36)

C=O

5-Aminobenzimidazole (leq) was dissolved in abs . EtOH (25ml in

case of 0.01 mol starting material) . The aldehyde (leq) was

added and the mixture was stirred overnight at 25-30 0C (reaction

control for completeness of the Schiff-base formation by TLC,

eluent: 10% v/v methanole in CHCl 3, on Alugram® SIL G Silica -Gel

60, Rf 0,2mm) .

Ethylene glycole (25ml in case of 0.01 mol starting material)

was added and the solution was cooled down to 0-5 0C , then the

corresponding isonitrile (leq), KSCN (leq), and pryridinium-

chloride (leq) were added. The mixture was stirred for 2 .5h at

0-5 0C , then overnight at r.t.

After that an aqueous solution of TFA (10% (v/v), 150ml in case

of 0.01 mol starting material) was added and the mixture was

stirred overnight at 50-60°C. After that the EtOH and TFA were

evaporated and the remaining aqueous solution was subjected to

preperative HPLC.

Method 3 : (Example 37 - 44)

The 4-methylimino-imdazoldine-2-one resulted form the reaction

of amine, aldehyde, methyl isonitrile and KOCN as described in

Method 1 .



1 eq. of the corresponding 4-methylimino-imdazoldine-2-one is

dissolved in 1.25 M HCl in methanol (dry, ImI for a 0.25 mmol

starting material) and 1.5 eq. sodiumsulf ide containing solution

is added into a sealed microwave vessel. The reaction mixture is

heated in a microwave for 20mm at 140 0C .

After evaporation of the solvent the crude reaction product is

extracted with H2O/EtOAc. The organic phase is dried with Na SO4,

filtered and removed. The resulting reaction product is purified

by means of semi-preparative HPLC.

Method 4 (Example 45, 46) :

γ
a or b I!

R NH2 R 1 N Λ N R Y = 0 S
H H

The amine (1 eq) was dissolved in CH2Cl and di- (lH-imidazol-1-

yl) methanone (leq) was added at 00C . The mixture was stirred

for 4 hours at room temperature. After that 1 eq of the

corresponding amine was added (if the hydrochlorides were

applied 1 eq of TEA was added additionally) . The mixture was

then stirred for additional 12h at r.t. The solvent was removed

and the resulting urea was subjected to chromatography.

The urea or thiourea was dissolved in a mixture of HCl/AcOH

(1/40 v/v) and the corresponding glyoxal was added. The amount

of glyoxal was leq corresponding of the amount of the urea. The

mixture was kept under reflux for 4h. After that the solvent was

removed and the resulting product was purified by means of

preparative HPLC.



Method 5

1 equivalent of the aldehyde was dissolved in AcOH (5ml in case

of 4 mmol starting material) and 1.1 equivalents of the amine

were added. Into that mixture 1 equivalent of

trimethylsilylcyanide (TMSCN) were added. The mixture was

stirred for 1.5 h at r.t.

After that, the mixture was poured on ice/ammonia (containing 12

ml of a 25% NH3 solution in case of 4 mmol starting material) .

The aqueous layer was extracted 3 times by means of CH2CI2 the

organic phases were combined, dried, filtrated and the solvent

was removed. The remains were re-dissolved in concentrated HCl

and kept at 40 0C overnight. Water was added and the solution was

neutralized by adding NaOH. The aqueous phase was extracted

three times by means of CH2CI2 whereupon the organic phases were

combined and dried.

The solvent was removed and the remaining oil was subjected to

either of the following alternative methods:

a ) The product was taken up in dry CHCl 3 and EtO(CO)Cl and

triethylamine were added. The mixture was kept under reflux for

12h. After that the solvent was removed and the remaning oil was

dissolved in dry EtOH, and NaOEt, was added. The solution was

kept under reflux for 1Oh,

or



b ) The product was dissolved in toluene and carbonyldiimidazole

and triethylamine were added. The solution was kept under reflux

for 18h, or

c ) The product was taken up in formamide and kept at 200 0C for

2h.

Semi-preparative HPLC-method

The system consisted of a Merck-Hitachi device (model LaChrom)

equipped with a SP250/21 Luna ® 100-7 C18 semi-preparative column

(Phenomenex length: 250 mm, diameter: 21 mm) . The compounds were

purified using a gradient at a flow rate of 6 ml/min; whereby

eluent (A) was acetonitrile, eluent (B) was water, both

containing 0.1 % (v/v) trif luoroacetic acid applying the

following gradient: 0 min - 40 min. 40 -95 % (A) .

Synthesis of the examples

Example 1 : 5- (benzo [c] [1 ,2 ,5 ]thiadiazol-6-yl) -1- (IH-

benzo [d] imidazol-5-yl) imidazolidine-2, 4-dione

The compound was synthesized starting from 5-aminobenzimidazole

5.32g (40 mmol) , benzo [c] [1 ,2 ,5 ]thiadiazol-6-yl-carbaldehyde

6.56g (40mmol), n-butyl isonitrile 4.24ml (40 mmol) and KOCN

3.28g (40mmol) as described in method 1 .

Yield: 2.7g (14.5%); MS m/z 351.1 (M+H) +; 1H NMR (DMSO-D6, 400

MHz) δ : 6.19 (s, IH), 7.67 - 7.75 (m, 3H), 8.00 - 8.02 (d, IH,

J = 9.13 Hz) 8.08 - 8.13 (m , 2H), 9.09(s, IH), HPLC (λ = 214

nm, [A]): rt 8.87 min (96%).

Example 2 : 1- (lH-benzo [d] imidazol-5-yl) -5-phenylimidazolidine-

2 ,4-dione

The compound was synthesized starting from 5-aminobenzimidazole

1.331g (10 mmol), benzaldehyde 1.02ml (lOmmol), benzyl

isonitrile 1.22ml (lOmmol) and KOCN 0.84g (lOmmol) as described

in method 1.

Yield: l.Olg (34.4%); MS m/z 293.0 (M+H) +; 1H NMR: (500 MHz,

DMSO-D 6) δ : 6.04 (s, IH), 7.24-7.45 (m, 5 H), 7.51 (dd, 3J=8.7

Hz, 4J=2.1 Hz, 1 H), 7.63 (d, 3J=8 .8 Hz, 1 H), 7.87 (d, 4J=2 .0



Hz, 1 H), 8.14 (br. s , 1 H), 8.95 (s, 1 H), 11.45 (s, 1 H), HPLC

(λ = 214 nm, [A]): rt 8.34 min (100%).

Example 3 : 1- (lH-benzo [d] imidazol-5-yl) -5- (2-hydroxy-5-

methylphenyl) imidazolidine-2, 4-dione

The compound was synthesized starting from 5-aminobenzimidazole

0.4g (3.0mmol), 2-hydroxy-5-methylphenyl carbaldehyde 0.409g

(3.0mmol), n-butyl isonitrile 0.316ml (3.0mmol) and KOCN 0.244g

(0.2mmol) as described in method 1 .

Yield: 0.188g (19%); MS m/z 323.2 (M+H) +; (1H NMR: DMSO-D 6, 400

MHz) δ : 2.06 - 2.11 (s, 3H, ), 5.89 - 6.01 (s, IH), 6.56 - 6.67

(d, IH, 3J = 7.88Hz), 6.83 - 6.90 (m, IH), 7.01 - 7.10 (s, IH),

7.49 - 7.54 ( d , IH, 3J = 8.71 Hz), 7.64 - 7.68 (d, IH, 3J = 8.71

Hz), 7.82 - 7.85 (s, IH), 9.09 - 9.13 (s, IH), 9.68 - 9.73, (s,

IH), 11.27 - 11.31, (s, IH); HPLC (λ = 214 nm, [A]): rt 8.23 min

(98%) .

Example 4 : 1- (lH-benzo [d] imidazol-5-yl) -5- (2-fluoro-5-

(trifluoromethyl) phenyl) imidazolidine-2, 4-dione

The compound was synthesized starting from 5-aminobenzimidazole

0.213g (l. δmmol), 2-f luoro-5- (trifluoromethyl) phenyl

carbaldehyde 0.362ml (l. δmmol), n-butyl isonitrile 0.169ml

(l. δmmol), pyridiniumchloride 0.185g (l. βiπmol) and KOCN 0.13g

(l. δmmol) as described in method 1 .

Yield: 0.172g (28%); MS m/z 379.3 (M+H) +; 1H NMR: (400 MHz,

CD3OD) δ : 6.23 (s, IH, CH-N), 7.33-7.36 (m, 1 H,), 7.63 - 7.65

(m, 1 H), 7.67-7.72 (m, IH), 7.73 - 7.76 (m, IH), 7.81-7.84 (m,

IH), 7.95- 7.96 (m, IH), 9 .16. (s, IH), HPLC (λ = 214 nm, [A]): rt

10.24 min (100%) .

Example 5 : 1- (lH-benzo [d] imidazol-5-yl) -5- (2-bromo-5-

fluorophenyl) imidazolidine-2, 4-dione

The compound was synthesized starting from 5-aminobenzimidazole

0.213g (l. δmmol), 2-bromo-5-f luorophenyl carbaldehyde 0.325

(l. δmmol), n-butyl isonitrile 0.169ml (l. βiπmol),
pyridiniumchloride 0.185g (l. δmmol) and KOCN 0.13g (l. δmmol) as

described in method 1.



Yield: 0.047g (7.5%); MS m/z 391.1 (M+H) + 389.1 (M+H isotope) +;

1H NMR: (DMSO D6, 400 MHz) δ : 6.21 - 6.35 (s, 0.3H), 6.35 - 6.44

(s, 0.7 H), 7.10 - 7.17 (m, IH), 7.36 - 7.67 (m, 2H), 7.67 -

7.76 (m, 2H), 7.80 - 7.85 (s, IH), 9.10 - 9.15 (s, IH), 11.54 -

11.63 (s, 0.7H, amide), 11.65 - 11.82 (s, 0.3H, amide) HPLC (λ =

214 nm, [A]): rt 9.80 min (99%).

Example 6 : 1- (lH-benzo [d] imidazol-5-yl) -5- (4-

propoxyphenyl) imidazolidine-2, 4-dione

The compound was synthesized starting from 5-aminobenzimidazole

0.213g (l. δmmol), 4-propoxyphenyl carbaldehyde 0.253ml

(l. δmmol), n-butyl isonitrile 0.169ml (l. δmmol),
pyridiniumchloride 0.185g (l. δmmol) and KOCN 0.13g (l. δmmol) as

described in method 1.

Yield: 0.285g (50%); MS m/z 351.2 (M+H) +; 1H NMR: (400 MHz,

CD3OD) δ : 0.94-0.98 (t, 3H), 1.66-1.75 (m, 2H), 3.81-3.85 (m,

2H), 5.81 (s, IH), 6.81 - 6.86 (m, 2 H,), 7.25 - 7.28 (m, 2 H),

7.68 - 7.69 (d, IH), 8.01 (s, IH), 9.18 (s, 1 H), HPLC (λ = 214

nm, [A]): rt 10.71 min (100%).

Example 7 : 1- (lH-benzo [d] imidazol-5-yl) -5- (4-chloro-3-

(trif luoromethyl) phenyl) imidazolidine-2 ,4-dione

The compound was synthesized starting from 5-aminobenzimidazole

0.213g (l. δmmol), 4-chloro-3- (trifluoromethyl) phenyl

carbaldehyde 0.23ml (l. δmmol), n-butyl isonitrile 0.169ml

(l. δmmol), pyridiniumchloride 0.185g (l. δmmol) and KOCN 0.13g

(l. δmmol) as described in method 1 .

Yield: 0.242g (38%); MS m/z 395.1 (M+H) +; 1H NMR: (400 MHz,

CD3OD) δ : 6.09 (s, IH), 7.56 - 7.78 (m, 5 H), 7.51 (d, 1 H),

8.06 (d, IH), 9.107 (d, 1 H), HPLC (λ = 214 nm, [A]) : rt 11.82

min (99%) .

Example 8 : 1- (lH-benzo [d] imidazol-5-yl) -5- (3-fluoro-4-

(trif luoromethyl) phenyl) imidazolidine-2 ,4-dione

The compound was synthesized starting from 5-aminobenzimidazole

0.133g (lmmol), 3-fluoro-4- (trifluoromethyl) phenyl carbaldehyde

0.192g (lmmol), n-butyl isonitrile 0.083g (lmmol),



pyridiniumchloride 0.185g (l. βmmol) and KOCN 0.081g (liπmol) as

described in method 1.

Yield: 0.151g (40%); MS m/z 379.2 (M+H) +

Example 9 : 1- (lH-benzo [d] imidazol-5-yl) -5- (3-hydroxy-4-

methoxyphenyl) imidazolidine-2, 4-dione

The compound was synthesized starting from 5-aminobenzimidazole

0.213g (l. βmmol), 3-hydroxy-4-methoxyphenyl carbaldehyde 0.244g

(l. βmmol), n-butyl isonitrile n-butyl isonitrile 0.169ml

(l. βmmol), pyridiniumchloride 0.185g (l. βmmol) and KOCN 0.13g

(l. βmmol) as described in method 1 .

Yield: 0.107g (19%); MS m/z 339.2 (M+H) +; 1H NMR: (CD3OD, 400MHz)

δ : 3.73 - 3.80 (s, 3H), 5.71 - 5.77 (s, IH), 6 .77 - 6.92 (m, 3H),

7.68 - 7.75 (m, 2H), 8.00 - 8.05 (s, IH), 9.16 - 9.22 (s, IH),

HPLC (λ = 214 nm, [A]): rt 6.09 min (98%).

Example 10: 1- (lH-benzo [d] imidazol-5-yl) -5- (2-hydroxy-3-

methoxyphenyl) imidazolidine-2, 4-dione

The compound was synthesized starting from 5-aminobenzimidazole

0.133g (liπmol), 2-hydroxy-3-methoxypheny carbaldehyde 0.153g

(liπmol), n-butyl isonitrile 0.106 ml (liπmol) and KOCN 0.082g

(liπmol) as described in method 1 .

Yield: 0.05Og (14%); MS m/z 339.2 (M+H) + 1H NMR: (400 MHz, CD3OD)

δ : 3.77 (s, 3H), 5.98 (s, IH), 6.69 - 7.73 (m, IH), 6.82 - 6.85

(m, 2H), 7.68 - 7.69 (m, 2H), 7.95 (s, IH), 9.18 (s, IH), HPLC

(λ = 214 nm, [A]): rt 6.60 min (98%).

Example 11: 1- (lH-benzimidazol-5-yl) -5- (1, 1 '-biphenyl-4-

yl) imidazolidine-2, 4-dione

The compound was synthesized starting from 5-aminobenzimidazole

0.133g (liπmol), 1 ,1 '-biphenyl-4-yl carbaldehyde 0.183 (liπmol),
n-butyl isonitrile n-butyl isonitrile 0.106 ml (liπmol) and KOCN

0.082g (liπmol) as described in method 1 .

Yield: 0.117g (31%); MS m/z 369.0 (M+H) +; 1H NMR: (400 MHz,

CD3OD) : 5.96 (s, IH), 7.30-7.31 (m, 0.3 H), 7.31 - 7.32 (m, 0.3

H), 7.36-7.37 (m, 0.5H), 7.38 - 7.39 (m, IH), 7 .39-7 .41 (m,

0.5H), 7.45- 7.48 (m, 2H), 7.51 - 7.54 (m, 2H), 7.58 - 7.62 (m,



2H), 7.71 - 7.76 (m, 2.4 H), 8.07- 8.08 (m, IH), 9.14 (s, IH),

HPLC (λ = 214 nm, [A]): rt 12.41 min (98 % ) .

Example 12: 1- (lH-benzo [d] imidazol-5-yl) -5- (3-

chlorophenyl) imidazolidine-2, 4-dione

The compound was synthesized starting from 5-aminobenzimidazole

2.13g (l βmmol), 3-chlorobenzaldehyde 2.24g (l βmmol), n-butyl

isonitrile 1.69ml (l βmmol), KOCN 1.3g (l βmmol) and

pyridiniumchloride 1.85g (l βmmol) as described in method 1 .

Yield: 2.Og (38%); MS m/z 327.2 (M+H) +; 1H-NMR: (500MHz, DMSO-D 6)

δ : 6.08(s, IH), 7.32 (m, 3H), 7.49 (s, IH), 7.52 - 7.55 (m, IH),

7.66 - 7.68 (m, IH), 7.90 (s, IH), 9.10 (s, IH), 11.53 (s, IH),

HPLC (λ = 214nm, [A]): rt 9.76min (100 % ) .

Example 13: 1- (lH-benzo [d] imidazol-5-yl) -5- (4-

chlorophenyl) imidazolidine-2, 4-dione

The compound was synthesized starting from 5-aminobenzimidazole

0.213g (l. δmmol), 4-chlorobenzaldehyde 0.224g (l. δmmol), n-butyl

isonitrile 0.169ml (1.6mmol) pyridiniumchloride 0.185g (1.6mmol)

and KOCN 0.13Og (l. βmmol) as described in method 1 .

Yield: 0.327g (62%); MS m/z 327.2 (M+H) +; 1H NMR: 1H-NMR (400MHz,

CD3OD) δ : 5.93(s, IH), 7.32 - 7.39 (m, 4H), 7.67 - 7.73 (m, 2H),

8.04 (s, IH), 9.21 (s, IH), HPLC (λ = 214 nm, [A]): rt 8.43 min

(99 % ) .

Example 14: 1- (lH-benzo [d] imidazol-5-yl) -5- (2-

chlorophenyl) imidazolidine-2, 4-dione

The compound was synthesized starting from 5-aminobenzimidazole

0.213g (l. δmmol), 2-chlorobenzaldehyde 0.225mg (l. βmmol), n-

butyl isonitrile 0.169ml (l. δmmol) pyridiniumchloride 0.185g

(l. βmmol) and KOCN 0.13Og (l. δmmol) as described in method 1 .

Yield: 0.26Og (50%); MS m/z 327.2 (M+H) +; 1H NMR: (400 MHz,

CD3OD) : 5.93 (s, IH), 7.32 - 7.40 (m, 4 H,), 7.67 - 7.73 (m,

2H), 8.04 -8.05 (m, IH), 9.20 (s, 1 H), HPLC (λ = 214 nm, [A]):

rt 9.33 min (97 % ) .



Example 15: 1- (lH-benzo [d] imidazol-5-yl) -5- (4-

fluorophenyl) imidazolidine-2, 4-dione

The compound was synthesized starting from 5-aminobenzimidazole

0.134g (lmmol), 4-f luorobenzaldehyde 0.125g (lmmol), n-butyl

isonitrile 0.106ml (lmmol), pyridiniumchloride O.ll βg (lmmol)

and KOCN 0.082g (lmmol) as described in method 1 .

Yield: 0.332g (100%); MS m/z 311.1 (M+H) +; 1H NMR: (400 MHz,

CD3OD) δ : 5.91 (s, IH, CH-N), 7.02 - 7.08 (m, 2 H), 7.38 - 7.43

(m, 2H), 7.67 - 7.72 (m, 2H), 8.04 (s, 1 H), 9.22 (s, IH), HPLC

(λ = 214 nm, [A]): rt 9.20 min (97 % ) .

Example 16: 1- (lH-benzo [d] imidazol-5-yl) -5- (2, 3-

dihydrobenzo [b] [l,4]dioxin-7-yl) imidazolidine-2, 4-dione

The compound was synthesized starting from 5-aminobenzimidazole

0.134g (lmmol), 2 ,3-dihydrobenzo [b] [1 ,4]dioxin-7-yl carbaldehyde

0.165g (lmmol), n-butyl isonitrile 0.106 ml (lmmol),

pyridiniumchloride O.ll βg (lmmol) and KOCN 0.082g (lmmol) as

described in method 1.

Yield: 0.185g (52%); MS m/z 351.0 (M+H) +; 1H NMR: (400 MHz,

CD3OD) δ : 4.16 (s, 4H), 5.76 (s, IH), 6.77 - 6.84 (m, 3H), 7.71

(m, 2H), 8.03 (s, IH), 9.19 (s, IH), HPLC (λ = 214 nm, [A]): rt

8.37min (100 % ) .

Example 17: 1- (3- (lH-imidazol-1-yl) propyl) -5-

phenylimidazolidine-2, 4-dione

The compound was synthesized starting from 3- (lH-imidazol-1-

yl) propylamine 1.Og (7.98mmol), benzaldehyde 0.807ml (7.98mmol),

benzylisonitrile 0.972ml (7.98mmol), pyidiniumchloride 0.920

and KOCN 0.648g (7.98mmol) as described in method 1 .

Yield: 0.557g (25%); MS m/z 285.4 (M+H) +; 1H NMR: (400 MHz,

CD3OD) δ : 1.84-2.08 (m, 2H), 2.90-3.01 (m, IH), 3.45-3.54 (m,

IH), 4.15-4.28 (m, 2H), 5.14 (s, IH), 7.29-7.37 (m, 2H), 7.39-

7.45 (m, 3H), 7.51 (s, IH), 7.58 (s, IH), 8.85 (s, IH); HPLC (λ
= 214 nm, [A]): rt 6.64 min (100%).



Example 18: 1- (3- (lH-imidazol-1-yl) propyl) -5- (2-bromo-4-

fluorophenyl) imidazolidine-2, 4-dione

The compound was synthesized starting from 3- (lH-imidazol-1-

yl) propylamine 0.358ml (3mmol) , 2-bromo 4-f luorobenzaldehyde

0.61Og (3mmol) , benzylisonitrile 0.365ml (3mmol) ,

pyridiniumchloride 0.347g (3mmol) and KOCN 0.243g (3mmol) as

described in method 1.

Yield: 0.057 g (4.9%); MS m/z 381.2 (M+H) +; 1H NMR: (400 MHz,

CD3OD) δ : 1.84-2.08 (m, 2H), 2.90-3.01 (m, IH), 3.45-3.54 (m,

IH), 4.15-4.28 (m, 2H), 6.89-7.37 (m, 2H), 7.51 (s, IH), 7.69

(s, IH), 7.58 (s, IH), 8.85 (s, IH), HPLC (λ = 214 nm, [A]): rt

8.08 min (99%) .

Example 19: 1- (3- (lH-imidazol-1-yl) propyl) -5- (4-

propoxyphenyl) imidazolidine-2, 4-dione

The compound was synthesized starting from 3- (lH-imidazol-1-

yl) propylamine 0.358ml (3mmol) , 4-propoxyphenyl carbaldehyde

0.492g (3mmol), n-butyl isonitrile 0.315ml (3mmol) ,

pyridiniumchloride 0.347g (3mmol) and KOCN 0.243g (3mmol) as

described in method 1 .

Yield: 0.065g (6.3%); MS m/z 342.9 (M+H) +; 1H NMR: (400 MHz,

CD3OD) δ : 0.99-1.03 (m, 3H), 1.74-1.79 (m, 2H), 1.84-2.08 (m,

2H), 2.90-3.01 (m, IH), 3.45-3.54 (m, IH), 3.90-3.93 (m, 2H),

4.15-4.28 (m, 2H), 5.06 (s, IH), 6.94-6.96 (m, 2H), 7.18-7.20

(m, 2H), 7.51 (s, IH), 7.58 (s, IH), 8.85 (s, IH), HPLC (λ =

214 nm, [A]): rt 10.35min (98%).

Example 20: 1- (3- (lH-imidazol-1-yl) propyl) -5- (3-fluoro-4-

(trifluoromethyl) phenyl) imidazolidine-2, 4-dione

The compound was synthesized starting from 3- (lH-imidazol-1-

yl) propylamine 0.358ml (3mmol) , 3-fluoro-4-

(trifluoromethyl) phenyl carbaldehyde 0.576g (3mmol) , n-butyl

isonitrile 0.315ml (3mmol) , pyridiniumchloride 0.347g (3mmol)

and KOCN 0.243g (3mmol) as described in method 1 .

Yield: 0.017g (1.5%); MS m/z 371.1 (M+H) +; 1H NMR: (400 MHz,

CD3OD) δ : 1.84-2.08 (m, 2H), 2.90-3.01 (m, IH), 3.45-3.54 (m,

IH), 4.15-4.28 (m, 2H), 5.31 (s, IH), 7.34-7.40 (m, 2H), 7.51



(s, IH), 7.58 (s, IH), 7.66-7.67 (m, IH), 8.85 (s, IH), HPLC (λ
= 214 nm, [A]): rt 10.96 min (95%).

Example 21: 1- [3- (lH-imidazol-1-yl) propyl] -5- (4-

biphenyl) imidazolidine-2, 4-dione

The compound was synthesized starting from 3- (lH-imidazol-1-

yl) propylamine 0.358ml (3mmol) , 4-phenylbenzaldehyde 0.546g

(3mmol), n-butyl isonitrile 0.315ml (3mmol) , pyridiniumchloride

0.347g (3mmol) and KOCN 0.243g (3mmol) as described in method 1 .

Yield: 0.23g (21%); MS m/z 361.2 (M+H) +; 1H NMR: (400 MHz, CD3OD)

δ : 1.84-2.08 (m, 2H), 2.90-3.01 (m, IH), 3.45-3.54 (m, IH),

4.15-4.28 (m, 2H), 5.31 (s, IH), 7.31-7.44 (m, 5H), 7.53 (s,

IH), 7.59-7.61 (m, 3H), 7.67-7.69 (m, 2H), 8.85 (s, IH), HPLC (λ
= 214 nm, [A]): rt 11.65 min (100%).

Example 22: 1- (3- (lH-imidazol-1-yl) propyl) -5- (3-

chlorophenyl) imidazolidine-2, 4-dione

The compound was synthesized starting from 3- (lH-imidazol-1-

yl) propylamine 0.358ml (3mmol) , 3-chlorophenyl carbaldehyde

0.42g (3mmol), n-butyl isonitrile 0.315ml (3mmol) ,

pyridiniumchloride 0.347g (3mmol) and KOCN 0.243g (3mmol)as

described in method 1.

Yield: 0.220g (23%); MS m/z 319.1 (M+H) +; 1H NMR: (400 MHz,

CD3OD) δ : 1.84-2.08 (m, 2H), 2.90-3.01 (m, IH), 3.45-3.54 (m,

IH), 4.15-4.28 (m, 2H), 5.16 (s, IH), 7.23-7.26 (m, IH), 7.35(s,

IH), 7.41-7.42 (m, 2H) 7.54 (s, IH), 7.62-7.63 (m, IH), 8.90 (s,

IH), HPLC (λ = 214 nm, [A]): rt 8.53 min (99%).

Example 23: 1- (3- (lH-imidazol-1-yl) propyl) -5- (2-

chlorophenyl) imidazolidine-2, 4-dione

The compound was synthesized starting from 3- (lH-imidazol-1-

y )propylamine 0.358ml (3mmol) , 2-chlorobenzaldehyde 0.420g

(3mmol) , n-butyl isonitrile 0.315ml (3mmol) pyridiniumchloride

0.347g (3mmol) and KOCN 0.243g (3mmol) as described in method 1 .

Yield: 0.15g (15%); MS m/z 351.0 (M+H) +; 1H NMR: (400 MHz, CD3OD)

δ : 1.84-2.08 (m, 2H), 2.90-3.01 (m, IH), 3.45-3.54 (m, IH),

4.15-4.28 (m, 2H), 5.31 (s, IH), 7.39-7.49 (m, 4H), 7.53(s, IH)



7.60 (s, IH), 8.89 (s, IH) HPLC (λ = 214 nm, [A]): rt 7.31 min

(94%) .

Example 24: 1- (3- (5-methyl-lH-imidazol-l-yl) propyl) -5-

phenylimidazolidine-2, 4-dione

The compound was synthesized starting from (3- (5-methyl-lH-

imidazol-1-yl) propyl) amine 0.278g (2 mmol) , benzaldehyde 0.202ml

(2 mmol), benzylisonitrile 0.245ml (2mmol) pyridiniumchloride

0.231g (2mmol) and KOCN 0.165g (2 mmol) as described in method

1 .

Yield: 0.095g (15%); MS m/z 299.3 (M+H) +; 1H NMR: (400 MHz,

CD3OD) δ : 1.87-1.99 (m, 2H), 2.29 (s, 3H), 3.02-3.09 (m, IH),

3.50-3.57 (m, IH), 4.08-4.18 (m, 2H), 5.15 (s, IH), 7.28 (s,

IH), 7.31-7.33 (m, 2H), 7.39-7.44 (m, 3H), 8.82 (s, IH) HPLC (λ
= 214 nm, [A]): rt 7.20 min (98%).

Example 25: 5- (2-bromo-5-f luorophenyl) -1- (3- (5-methyl-lH-

imidazol-1-yl) propyl) imidazolidine-2 ,4-dione

The compound was synthesized starting from (3- (5-methyl-lH-

imidazol-1-yl) propyl) amine 0.278g (2mmol) , 2-bromo-5-

fluorophenyl carbaldehyde 0.406g (2mmol) , benzylisonitrile

0.245ml (2mmol) pyridiniumchloride 0.231g (2mmol) and KOCN

0.165g (2 mmol) as described in method 1 .

Yield: 0.015g (1.8%); MS m/z 395.2 (M+H) +; 397.2 (M+H, isotope) +

1H NMR: (400 MHz, CD3OD) δ : 1.87-1.99 (m, 2H), 2.29 (s, 3H),

3.02-3.09 (m, IH), 3.50-3.57 (m, IH), 4.08-4.18 (m, 2H), 5.31

(s, 0.5H), 5.76 (s, 0.5H), 7.01-7.16 (m, IH), 7.29 (s, IH), 7.43

(s, IH), 7.71 (m, IH ) , 8.86 (s, IH) HPLC (λ = 214 nm, [A]): rt

8.80 min (100%) .

Example 26: 1- (3- (5-methyl-lH-imidazol-l-yl) propyl) -5- (4-

propoxyphenyl) imidazolidine-2, 4-dione

The compound was synthesized starting from (3- (5-methyl-lH-

imidazol-1-yl) propyl) amine 0.278g (2mmol) , 4-propoxyphenyl

carbaldehyde 0.316ml (2mmol) , benzylisonitrile 0.245ml (2mmol) ,

pyridiniumchloride 0.231g (2mmol) and KOCN 0.165g (2 mmol) as

described in method 1.



Yield: 0.08g (11%); MS m/z 357.3 (M+H) +; 1H NMR: (400 MHz, CD3OD)

δ : 1.01-1.05 (m, 3H), 1.77-1.81 (m, 2H), 1.86-1.96 (m, 2H), 2.29

(s, 3H), 3.02-3.09 (m, IH), 3.45-3.51 (m, IH), 3.92-3.95 (m,

2H), 4.10-4.15 (m, 2H), 5.08 (s, IH), 6.96-6.98 (m, 2H), 7.21-

7.32 (m, 2H), 7.28 (s, IH), 8.83 (s, IH), HPLC (λ = 214 nm, [A]):

rt 10.85 min (96%) .

Example 27: 1- [3- (5-methyl-lH-imidazol-l-yl) propyl] -5- (4-

phenylphenyl) imidazolidine-2, 4-dione

The compound was synthesized starting from (3- (5-methyl-lH-

imidazol-1-yl) propyl) amine 0.278g (2mmol) , 4-phenylbenz aldehyde

0.364g (2mmol), benzylisonitrile 0.245ml (2mmol)

pyridiniumchloride 0.231g (2mmol) and KOCN 0.165g (2 mmol) as

described in method 1.

Yield: 0.115g (15%); MS m/z 375.2 (M+H) +; 1H NMR: (400 MHz,

CD3OD) δ : 1.87-1.99 (m, 2H), 2.29 (s, 3H), 3.02-3.09 (m, IH),

3.50-3.57 (m, IH), 4.08-4.18 (m, 2H), 5.15 (s, IH), 7.28 (s,

IH), 7.33-7.46 (m, 5H), 7.60-7.63 (m, 2H), 7.69-7.72 (m, 2H),

8.85 (s, IH) HPLC (λ = 214 nm, [A]): rt 12.11 min (97%).

Example 28: 5- (3-chlorophenyl) -1- (3- (5-methyl-lH-imidazol-l-

yl) propyl) imidazolidine-2 ,4-dione

The compound was synthesized starting from (3- (5-methyl-lH-

imidazol-1-yl) propyl) amine 0.278g (2mmol) , 3-chlorophenyl

carbaldehyde 0.226ml (2mmol) , benzylisonitrile 0.245ml (2mmol)

pyridiniumchloride 0.231g (2mmol) and KOCN 0.165g (2 mmol) as

described in method 1.

Yield: 0.113g (17.2%); MS m/z 333.0 (M+H) +; 1H NMR: (400 MHz,

CD3OD) δ : 1.87-1.99 (m, 2H), 2.29 (s, 3H), 3.02-3.09 (m, IH),

3.50-3.57 (m, IH), 4.08-4.18 (m, 2H), 5.15 (s, IH), 7.28-7.29

(m, IH), 7.38 (s, IH), 7.42-7.46 (m, 2H), 8.84 (s, IH), HPLC (λ
= 214 nm, [A]): rt 8.96 min (96%).

Example 29: 1- (3- (4-methyl-lH-imidazol-l-yl) propyl) -5-

phenylimidazolidine-2, 4-dione

The compound was synthesized starting from 3- (4-methyl-lH-

imidazol-1-yl) propyl amine 0.250g (l. δmmol), benzaldehyde

0.182ml (l. δmmol), benzylisonitrile 0.220ml (l. δmmol)



pyridiniumchloride 0.21Og (l. δmmol) and KOCN 0.15Og (l. δmmol) as

described in method 1.

Yield: 0.065g (12%); MS m/z 299.2 (M+H) +; 1H NMR: (400 MHz,

CD3OD) δ : 1.84-1.91 (m, IH), 1.97-2.04 (m, IH), 2.30 (s, 3H),

2.93-2.99 (m, IH), 3.47-3.59 (m, IH), 4.09-4.18 (m, 2H), 5.15

(s, IH), 7.27 (s, IH), 7.27-7.38 (m, 3H), 7.40-7.45 (m, 2H),

8.71 (s, IH), HPLC (λ = 214 nm, [A]): rt 6.93 min (99%).

Example 30: 1- [3- (4-methyl-lH-imidazol-l-yl) propyl] -5- (4-

biphenyl) imidazolidine-2, 4-dione

The compound was synthesized starting from 3- (4-methyl-lH-

imidazol-1-yl) propyl amine 0.250g (l. δmmol), 4-phenyl-

benzaldehyde 0.220g (l. δmmol), benzylisonitrile 0.220ml

(l. δmmol), pyridiniumchloride 0.210g (l. δmmol) and KOCN 0.150g

(l. δmmol) as described in method 1 .

Yield: 0.135g (19.9%); MS m/z 375.1 (M+H) +; 1H NMR: (400 MHz,

CD3OD) δ : 1.84-1.91 (m, IH), 1.97-2.04 (m, IH), 2.30 (s, 3H),

2.93-2.99 (m, IH), 3.47-3.59 (m, IH), 4.09-4.18 (m, 2H), 5.15

(s, IH), 7.27 (s, IH) ,7.33-7.46 (m, 5H), 7.61-7.63 (m 2H), 7.69-

7.71 (m 2H), δ .75 (s, IH), HPLC (λ = 214 nm, [A]): rt 11.55 min

(98%) .

Example 31: 5- (3-chlorophenyl) -1- (3- (4-methyl-lH-imidazol-l-

yl) propyl) imidazolidine-2 ,4-dione

The compound was synthesized starting from 3- (4-methyl-lH-

imidazol-1-yl) propyl amine 0.250g (l. δmmol), 3-chlorophenyl

carbaldehyde 0.204ml (l. δmmol), benzylisonitrile 0.220ml

(l. δmmol) pyridiniumchloride 0.210g (l. δmmol) and KOCN 0.150g

(l. δmmol) as described in method 1 .

Yield: O.lOg (17%); MS m/z 333.0 (M+H) +; 1H NMR: (400 MHz, CD3OD)

δ : 1.84-1.91 (m, IH), 1.97-2.04 (m, IH), 2.30 (s, 3H), 2.93-2.99

(m, IH), 3.47-3.59 (m, IH), 4.09-4.18 (m, 2H), 5.15 (s, IH),

7.24-7.2 δ (m, IH), 7.31 (s, IH), 7.37 (s, IH), 7.42-7.46 (m,

2H), δ .75 (s, IH) HPLC (λ = 214 nm, [A]): rt δ .64 min (92%).



Example 32: 3- (lH-benzimidazol-5-yl) -1 ',3 '-dihydro-2H, 5H-

spiro [imidazolidine-4 ,2 '-indene] -2, 5-dione

The compound was synthesized starting from 5-aminobenzimidazole

0.4g (3mmol), indan-2-one 0.4g (3mmol) , n-butyl isonitrile 0.316

ml (3mmol), pyridiniumchloride 0.347g (3mmol) and KOCN 0.244g

(3mmol) as described in method 1 .

Yield: 0.044g (4.6%); MS m/z 319.3 (M+H) +; 1H NMR: (400 MHz,

CD3OD) : 3.46-3.50 (d, 2H, J1 = 17.2 Hz), 3.63 - 3.68 (d, 2H,

17.22), 6.97 - 7.02 (m, 4H), 7.47 - 7.59 (d, IH, J i = 7.2 Hz),

7.59 - 7.63 (d, IH, 7.2 Hz), 7.71 (s, IH), 9.2 (s, IH) , HPLC (λ
= 214 nm, [A]): rt 9.20 min (97 % ) .

Example 33: 5- (benzo [c] [1 ,2 ,5 ]thiadiazol-6-yl) -1- (IH-

benzo [d] imidazol-5-yl) -2-thioxoimidazolidin-4-one

The compound was synthesized starting from 5-aminobenzimidazole

0.013g (O.lmmol), benzo [c] [1 ,2 ,5 ]thiadiazol-6-yl carbaldehyde

0.016g (O.lmmol), n-butyl isonitrile 0.010ml (O.lmmol),

pyridiniumchloride 0.012g (O.lmmol) and KSCN O.Olg (O.lmmol) as

described in Method 2 .

Yield: 0.0045g (12%); MS m/z 367.2 (M+H) +; HPLC (λ = 220 nm,

[B] ): rt 1.91 min (94%) .

Example 34: 1- (lH-benzo [d] imidazol-5-yl) -5-phenyl-2-

thioxoimidazolidin-4-one

The compound was synthesized starting from 5-aminobenzimidazole

0.013g (O.lmmol) benzaldehyde 0.01ml (O.lmmol), n-butyl

isonitrile 0.010ml (O.lmmol), pyridiniumchloride 0.012g

(O.lmmol) and KSCN O.Olg (O.lmmol) as described in method 2 .

Yield: 0.0069g (22%); MS m/z 309.3 (M+H) +; HPLC (λ = 220 nm,

[B] ): rt 1.52 min (96%) .

Example 35: 1- (lH-benzimidazol-5-yl) -5- (1, 1 '-biphenyl-4-yl) -2-

thioxoimidazolidin-4-one

The compound was synthesized starting from 5-aminobenzimidazole

0.013g (O.lmmol), 4-phenyl benzaldehyde 0.018g (O.lmmol), n-

butyl isonitrile 0.010ml (O.lmmol), pyridiniumchloride 0.012g

(O.lmmol) and KSCN O.Olg (O.lmmol) as described in method 2 .



Yield: 0.00346 g (8.9%); MS m/z 385.5 (M+H) +; HPLC (λ = 220 nm,

[B] ): rt 2.93 min (96%) .

Example 36: 1- (lH-benzo [d] imidazol-5-yl) -5- (3-hydroxy-4-

methoxyphenyl) -2-thioxoimidazolidin-4-one

The compound was synthesized starting from 5-aminobenzimidazole

0.013g (O.lmmol), 3-hydroxy-4-methoxyphenyl carbaldehyde 0.015g

(O.lmmol), n-butyl isonitrile 0.010ml (O.lmmol),

pyridiniumchloride 0.012g (O.lmmol) and KSCN O.Olg (O.lmmol) as

described in method 2 .

Yield: 0.00162 g (3.5%); MS m/z 355.3 (M+H) +; HPLC (λ = 220 nm,

[B] ): rt 0.81 min (92%) .

Example 37: 1- (lH-benzo [d] imidazol-5-yl) -5-phenyl-4-

thioxoimidazolidin-2-one

The compound was synthesized starting from 1-(1H-

benzo [d] imidazol-5-yl) -4- (methylimino) -5-phenylimidazolidin-2-

one 0.076g (0.25 mmol) , and Na2S 0.029g (0.375mmol) as described

in method 3.

Yield: 0.0092g (12%); MS m/z 309.5 (M+H) +; HPLC (λ = 220 nm,

[B] ): rt 2.61 min (64%) .

Example 38: 1- (lH-benzimidazol-5-yl) -5- (1, 1'-biphenyl-4-yl) -4-

thioxoimidazolidin-2-one

The compound was synthesized starting from 1-(1H-

benzo [d] imidazol-5-yl) -4- (methylimino) -5- (1,1' -biphenyl-4-yl)

imidazolidin-2-one 0.095g (0,25mmol) Na2S 0.029g (0.375mmol) as

described in method 3 .

Yield: 0.00036 g (0.37%); MS m/z 385.4 (M+H) +; HPLC (λ = 220 nm,

[B] ): rt 3.02 min (97%) .

Example 39: 3- (lH-benzimidazol-5-yl) -5-thioxo-l ',3 '-dihydro-2H-

spiro [imidazolidine-4, 2 '-inden] -2-one

The compound was synthesized starting from 3- (lH-benzimidazol-5-

yl) -4- (methylimino) -1 ',3 '-dihydro-2H-spiro [imidazolidine-4, 2 '-

inden]-2-one 0.082g (0.25mmol) and Na2S 0.029g (0 .375mmol) as

described in method 3 .



Yield: 0.0016 g (1.9%); MS m/z 335.2 (M+H) +; HPLC (λ = 220 nm,

[D] ): rt 2.81 min (84%) .

Example 40: 1- (lH-benzo [d] imidazol-5-yl) -5- (4-chlorophenyl) -4-

thioxoimidazolidin-2-one

The compound was synthesized starting from 1-(1H-

benzo [d] imidazol-5-yl) -5- (4-chlorophenyl) -4-

(methylimino) imidazolidin-2-one 0.084g (0.25mmol) and Na2S 0.029g

(0.375mmol) as described in method 3 .

Yield: 0.00088g (1.0%); MS m/z 343.8 (M+H) +; HPLC (λ = 220 nm,

[D] ): rt 2.73 min (99%) .

Example 41: 1- (lH-benzo [d] imidazol-5-yl) -5- (2, 3 ,4-

trifluorophenyl) -4-thioxoimidazolidin-2-one

The compound was synthesized starting from 1-(1H-

benzo [d] imidazol-5-yl) -5- (2, 3 ,4-trif luorophenyl) -4-

(methylimino) imidazolidin-2-one 0.09Og (0.25mmol) and Na2S 0.029g

(0.375mmol) as described in method 3 .

Yield: 0.00613g (6.7%); MS m/z 363.2 (M+H) +; HPLC (λ = 220 nm,

[D] ): rt 2.02 min (97%) .

Example 42: 1- (lH-benzo [d] imidazol-6-yl) -5- (4-bromo-2-

fluorophenyl) -4-thioxoimidazolidin-2-one

The compound was synthesized starting from 1-(1H-

benzo [d] imidazol-5-yl) -5- (4-bromo-2-f luorophenyl) -4-

(methylimino) imidazolidin-2-one 0.100g (0.25mmol) and Na2S 0.029g

(0.375mmol) as described in method 3 .

Yield: 0.00071g (0.6%); MS m/z 406.2 (M+H) +; HPLC (λ = 220 nm,

[D] ): rt 2.94 min (90%) .

Example 43: 1- (lH-benzo [d] imidazol-5-yl) -5- (2, 3-dif luoro-4-

methylphenyl) -4-thioxoimidazolidin-2-one

The compound was synthesized starting from 1-(1H-

benzo [d] imidazol-5-yl) -5- (2, 3-dif luoro-4-methylphenyl) -4-

(methylimino) imidazolidin-2-one 0.088g (0.25mmol) and Na2S 0.029g

(0.375mmol) as described in method 3 .

Yield: 0.0055g (6.1%); MS m/z 359.2 (M+H) +; HPLC (λ = 220 nm,

[D] ): rt 3.12 min (97%) .



Example 44 : 1- (lH-benzo [d] imidazol-5-yl ) -5- (4-chloro-3-
methylphenyl) -4-thioxoimidazolidin-2-one

The compound was synthesized starting from 1-(1H-

benzo [d] imidazol-5-yl) -5- (4-chloro-3-methylphenyl) -4-

(methylimino) imidazolidin-2-one 0.088g (0.25mmol) and Na2S 0.029g

(0.375mmol) as described in method 3 .

Yield: 0.00221g (2.4%); MS m/z 357.2 (M+H) +; HPLC (λ = 220 nm,

[D] ): rt 3.21 min (80%) .

Example 45: 1- (lH-benzo [d] imidazol-5-yl) -3-methyl-5-

phenylimida4zolidine-2 ,4-dione

The compound was synthesized starting from 5-aminobenzimidazole

0.266g (2mmol), di- (lH-imidazol-1-yl) methanone 0.324g (2mmol) ,

methylaminehydrochloride 0.135g (2mmol) TEA 0.255ml (2mmol) and

phenylglyoxal hydrate 0.102g (0.67mmol) according to method 4 .

Yield: 0.045g (7.5%); MS m/z 307.4 (M+H) +; 1H NMR (DMSO, 400

MHz): δ 3.00 (s, 3H); 6.05 (s, H); 7.23-7.32 (m, 3H); 7.36-7.39

(m, 2H); 7.54-7.56 (dd, H , 3J=8 .9 Hz 4J=I .9 Hz); 7.65-7.68 (d, H ,

3J=8.9 Hz); 7.91 (d, H , 4J=I .9 Hz); 9.05 (s, H), HPLC (λ = 214

nm, [A]): rt 8.45 min (99 % ) .

Example 46: 1- (H-imidazo [1, 2-a] pyridin-7-yl) -5-

phenylimidazolidine-2 ,4-dione

The compound was synthesized starting from 1- (H-imidazo [1 ,2-

a ]pyridin-7-yl) urea 0.03g (0.170mmol) and phenylglyoxal hydrate

0.028g (0.20mmol) according to method 4 .

Yield: 0.021g (42%); MS m/z 293.2 (M+H) +; 1H NMR (DMSO, 400 MHz):

δ 6.05 (s, IH), 7.31-7.51 (m, 5H), 7.58-7.67 (m, IH), 7.89 -

7.94 (m, IH), 7.97-8.00 (m, IH), 8.09 - 8.13 (m, IH), 8.69 -

8.76 (m, IH), 11.92 (s, IH), HPLC (λ = 214 nm, [A]): rt 8.36 min

(95%) .

In particular, a suitable compound is example 6 (1-(1H-

benzo [d] imidazol-5-yl) -5- (4-propoxyphenyl) imidazolidine-2, 4-

dione) (isoQC-I) of the formula



Separation of Enantiomers

The enantiomers of example compound 6 were separated by

Reversed-Phase HPLC (RP-HPLC) eluting with water containing

solvent mixture.

Column : Nucleocel Alpha RP-S, 250*4 .6mm (5µm )

Eluent: A : water

B : acetonitrile

30-70% B in 40min

Flow : 0.3ml/min, 30 0C

Detection : 220nm

Retention El: 26. 99 min

E2: 28.67min

The inhibitory potency of the separate enantiomers was
determined as follows :

The inhibitory potencies were obtained using the inhibitor assay

method set out in the biological examples below.



In a preferred embodiment, the present invention provides a

composition, preferably a pharmaceutical composition, comprising

at least one isoQC inhibitor optionally in combination with at

least one other agent selected from the group consisting of

nootropic agents, neuroprotectants, antiparkinsonian drugs,

amyloid protein deposition inhibitors, beta amyloid synthesis

inhibitors, antidepressants, anxiolytic drugs, antipsychotic

drugs and anti-multiple sclerosis drugs.

More specifically, the aforementioned other agent is selected

from the group consisting of anti-inflammatory agents, beta-

amyloid antibodies, cysteine protease inhibitors, PEP-

inhibitors, LiCl, acetylcholinesterase (AChE) inhibitors, PIMT

enhancers, inhibitors of beta secretases, inhibitors of gamma

secretases, inhibitors of neutral endopeptidase, inhibitors of

Phosphodiesterase-4 (PDE-4), TNFalpha inhibitors, muscarinic Ml

receptor antagonists, NMDA receptor antagonists, sigma-1

receptor inhibitors, histamine H3 antagonists, immunomodulatory

agents, immunosuppressive agents, MCP-I antagonists or an agent

selected from the group consisting of antegren (natalizumab) ,

Neurelan (fampridine-SR) , campath (alemtuzumab) , IR 208, NBI

5788/MSP 771 (tiplimotide) , paclitaxel, Anergix.MS (AG 284),

SH636, Differin (CD 271, adapalene) , BAY 361677 (interleukin-4) ,

matrix-metalloproteinase-inhibitors (e.g. BB 76163), interferon-

tau (trophoblastin) and SAIK-MS.

Further, the present invention provides pharmaceutical

compositions e.g. for parenteral, enteral or oral

administration, comprising at least one isoQC inhibitor,

optionally in combination with at least one of the other

aforementioned agents.

These combinations provide a particularly beneficial effect.

Such combinations are therefore shown to be effective and useful

for the treatment of the aforementioned diseases. Accordingly,

the invention provides a method for the treatment of these

conditions .



The method comprises either co-administration of at least one

isoQC inhibitor and at least one of the other agents or the

sequential administration thereof.

Co-administration includes administration of a formulation,

which comprises at least one isoQC inhibitor and at least one of

the other agents or the essentially simultaneous administration

of separate formulations of each agent.

Especially useful for the purpose of the present invention are

combinations isoQC inhibitors with MCP-I antagonists. MCP-I

antagonists may, e.g. be selected from anti-MCP-1 antibodies,

preferably monoclonal or humanized monoclonal antibodies, MCP-I

expression inhibitors, CCR2-antagonists, TNF-alpha inhibitors,

VCAM-I gene expression inhibitors and anti-C5a monoclonal

antibodies. Such combinations of isoQC-inhibitors with MCP-I

antagonists may be useful for the treatment of inflammatory

diseases in general.

In particular, the following combinations are considered to be

useful for the purpose of the present invention:

an isoQC inhibitor, in particular isoQC-I, in combination

with Atorvastatin for the treatment and/or prevention of

artherosclerosis

- an isoQC inhibitor, in particular isoQC-I, in combination

with immunosuppressive agents, preferably rapamycin for

the prevention and/or treatment of restenosis

an isoQC inhibitor, in particular isoQC-I, in combination

with immunosuppressive agents, preferably paclitaxel for

the prevention and/or treatment of restenosis

an isoQC inhibitor, in particular isoQC-I, in combination

with interferones, preferably Aronex, for the prevention

and/or treatment of multiple sclerosis

an isoQC inhibitor, in particular isoQC-I, in combination

with interferones, preferably betaferon, for the

prevention and/or treatment of multiple sclerosis



an isoQC inhibitor, in particular isoQC-I, in combination

with interferones, preferably Rebif, for the prevention

and/or treatment of multiple sclerosis

an isoQC inhibitor, in particular isoQC-I, in combination

with Copaxone, for the prevention and/or treatment of

multiple sclerosis

an isoQC inhibitor, in particular isoQC-I, in combination

with dexamethasone, for the prevention and/or treatment of

restenosis

an isoQC inhibitor, in particular isoQC-I, in combination

with dexamethasone, for the prevention and/or treatment of

atherosclerosis

an isoQC inhibitor, in particular isoQC-I, in combination

with dexamethasone, for the prevention and/or treatment of

rheumatoid arthritis

an isoQC inhibitor, in particular isoQC-I, in combination

with HMG-Co-A-reductase inhibitors, for the prevention

and/or treatment of restenosis, wherein the HMG-Co-A-

reductase inhibitor is selected from atorvastatin,

cerivastatin, fluvastatin, lovastatin, pitavastatin,

pravastatin, rosuvastatin and simvastatin

an isoQC inhibitor, in particular isoQC-I, in combination

with HMG-Co-A reductase inhibitors, for the prevention

and/or treatment of atherosclerosis wherein the HMG-Co-A-

reductase inhibitor is selected from atorvastatin,

cerivastatin, fluvastatin, lovastatin, pitavastatin,

pravastatin, rosuvastatin and simvastatin

an isoQC inhibitor, in particular isoQC-I, in combination

with HMG-Co-A reductase inhibitors, for the prevention

and/or treatment of rheumatoid arthritis wherein the HMG-

Co-A-reductase inhibitor is selected from atorvastatin,

cerivastatin, fluvastatin, lovastatin, pitavastatin,

pravastatin, rosuvastatin and simvastatin

an isoQC inhibitor, preferably isoQC-I, in combination

with amyloid-beta antibodies for the prevention and/or

treatment of mild cognitive impairment, wherein the

amyloid-beta antibody is Acl-24,



an isoQC inhibitor, preferably isoQC-I, in combination

with amyloid-beta antibodies for the prevention and/or

treatment of Alzheimer's disease, wherein the amyloid-beta

antibody is Acl-24,

an isoQC inhibitor, preferably isoQC-I, in combination

with amyloid-beta antibodies for the prevention and/or

treatment of neurodegeneration in Down Syndrome, wherein

the amyloid-beta antibody is Acl-24,

an isoQC inhibitor, preferably isoQC-I, in combination

with beta-secretase inhibitors for the prevention and/or

treatment of mild cognitive impairment, wherein the beta-

secretase inhibitor is selected from WY-25105, GW-840736X

and CTS-21166,

an isoQC inhibitor, preferably isoQC-I, in combination

with beta-secretase inhibitors for the prevention and/or

treatment of Alzheimer's disease, wherein the beta-

secretase inhibitor is selected from WY-25105, GW-840736X

and CTS-21166,

an isoQC inhibitor, preferably isoQC-I, in combination

with beta-secretase inhibitors for the prevention and/or

treatment of neurodegeneration in Down Syndrome, wherein

the beta-secretase inhibitor is selected from WY-25105,

GW-840736X and CTS-21166,

an isoQC inhibitor, preferably isoQC-I, in combination

with gamma-secretase inhibitors for the prevention and/or

treatment of mild cognitive impairment, wherein the gamma-

secretase inhibitor is selected from LY-450139, LY-411575

and AN-37124,

an isoQC inhibitor, preferably isoQC-I, in combination

with gamma-secretase inhibitors for the prevention and/or

treatment of Alzheimer's disease, wherein the gamma-

secretase inhibitor is selected from LY-450139, LY-411575

and AN-37124,

an isoQC inhibitor, preferably isoQC-I, in combination

with gamma-secretase inhibitors for the prevention and/or

treatment of neurodegeneration in Down Syndrome, wherein

the gamma-secretase inhibitor is selected from LY-450139,

LY-411575 and AN-37124,



an isoQC inhibitor, preferably isoQC-I, in combination

with acetylcholinesterase inhibitors for the prevention

and/or treatment of mild cognitive impairment, wherein the

acetylcholinesterase inhibitor is selected from donezepil

and dimebon,

an isoQC inhibitor, preferably isoQC-I, in combination

with acetylcholinesterase inhibitors for the prevention

and/or treatment of Alzheimer's disease, wherein the

acetylcholinesterase inhibitor is selected from donezepil

and dimebon,

an isoQC inhibitor, preferably isoQC-I, in combination

with acetylcholinesterase inhibitors for the prevention

and/or treatment of neurodegeneration in Down syndrome,

wherein the acetylcholinesterase inhibitor is selected

from donezepil and dimebon.

Such combination therapies are in particular useful for the

treatment of inflammatory diseases like atherosclerosis,

rheumatoid arthritis, restenosis, pancreatitis, osteoporosis and

multiple sclerosis as well as neuroinf lammation and resulting

diseases thereof, like mild cognitive impairment (MCI),

Alzheimer's disease, neurodegeneration in Down Syndrome,

Familial British Dementia, Familial Danish Dementia.

Such combination therapies might result in a better therapeutic

effect (less proliferation as well as less inflammation, a

stimulus for proliferation) than would occur with either agent

alone .

The compound may be administered to a patient by any

conventional route of administration, including, but not limited

to, intravenous, oral, subcutaneous, intramuscular, intradermal,

parenteral and combinations thereof.

In a further preferred form of implementation, the invention

relates to pharmaceutical compositions, that is to say,

medicaments, that contain at least one compound of the invention



or salts thereof, optionally in combination with one or more

pharmaceutically acceptable carriers and/or solvents.

The pharmaceutical compositions may, for example, be in the form

of parenteral or enteral formulations and contain appropriate

carriers, or they may be in the form of oral formulations that

may contain appropriate carriers suitable for oral

administration. Preferably, they are in the form of oral

formulations .

The inhibitors of isoQC activity administered according to the

invention may be employed in pharmaceutically administrable

formulations or formulation complexes as inhibitors or in

combination with inhibitors, substrates, pseudosubstrates,

inhibitors of isoQC expression, binding proteins or antibodies

of those enzyme proteins that reduce the isoQC protein

concentration in mammals. The compounds of the invention make it

possible to adjust treatment individually to patients and

diseases, it being possible, in particular, to avoid individual

intolerances, allergies and side-effects.

The compounds also exhibit differing degrees of activity as a

function of time. The physician providing treatment is thereby

given the opportunity to respond differently to the individual

situation of specific patients: he is able to adjust precisely,

on the one hand, the speed of the onset of action and, on the

other hand, the duration of action and especially the intensity

of action.

The compounds may be advantageously administered, for example,

in the form of pharmaceutical preparations that contain the

active ingredient in combination with customary additives like

diluents, excipients and/or carriers known from the prior art.

For example, they can be administered parenterally (for example

i.v. in physiological saline solution) or enterally (for example

orally, formulated with customary carriers) .



Depending on their endogenous stability and their

bioavailability, one or more doses of the compounds can be given

per day in order to achieve the desired reduction of MCP

activity. For example, such a dosage range in humans may be in

the range of from about 0.01 mg to 250 mg compound per kilogram

of body weight per day, preferably in the range of about 0.01 to

100 mg of compound per kilogram of body weight per day, more

preferably in the range of 0.01 to 10 mg of compound per

kilogram of body weight per day.

The compounds used according to the invention can accordingly be

converted in a manner known per se into conventional

formulations, such as, for example, tablets, (bitable) capsules,

dragees, pills, suppositories, granules, aerosols, syrups,

drops, liquid, solid and cream-like emulsions and suspensions

and/or also as suppositories or as nasal sprays solutions, using

inert, non-toxic, pharmaceutically suitable carriers and

additives or solvents. In each of those formulations, the

therapeutically effective compounds are preferably present in a

concentration of approximately from 0.1 to 80% by weight, more

preferably from 1 to 50% by weight, of the total mixture, that

is to say, in amounts sufficient for the mentioned dosage

latitude to be obtained.

The formulations may be advantageously prepared, for example, by

extending the active ingredient with solvents and/or carriers,

optionally with the use of emulsifiers and/or dispersants, it

being possible, for example, in the case where water is used as

diluent, for organic solvents to be optionally used as auxiliary

solvents.

Examples of excipients useful in connection with the present

invention include: water, non-toxic organic solvents, such as

paraffins (for example natural oil fractions), vegetable oils

(for example rapeseed oil, groundnut oil, sesame oil) , alcohols

(for example ethyl alcohol, glycerol) , glycols (for example

propylene glycol, polyethylene glycol) ; solid carriers, such as,

for example, natural powdered minerals (for example highly



dispersed silica, silicates) , sugars (for example raw sugar,

lactose and dextrose) ; emulsifiers, such as non-ionic and

anionic emulsifiers (for example polyoxyethylene fatty acid

esters, polyoxyethylene fatty alcohol ethers, alkylsulphonates

and arylsulphonates) , dispersants (for example lignin, sulphite

liquors, methylcellulose, starch and polyvinylpyrrolidone) and

lubricants (for example magnesium stearate, talcum, stearic acid

and sodium lauryl sulphate) and optionally flavourings.

Administration may be carried out in the usual manner,

preferably enterally or parenterally, especially orally. In the

case of enteral administration, tablets may contain in addition

to the mentioned carriers further additives such as sodium

citrate, calcium carbonate and calcium phosphate, together with

various additives, such as starch, preferably potato starch,

gelatin and the like. Furthermore, lubricants, such as magnesium

stearate, sodium lauryl sulphate and talcum, can be used

concomitantly for tabletting. In the case of aqueous suspensions

and/or elixirs intended for oral administration, various taste

correctives or colourings can be added to the active ingredients

in addition to the above-mentioned excipients.

In the case of parenteral administration, solutions of the

active ingredients using suitable liquid carriers can be

employed. In general, it has been found advantageous to

administer, in the case of intravenous administration, amounts

of approximately from 0.01 to 2.0 mg/kg, preferably

approximately from 0.01 to 1.0 mg/kg of body weight per day to

obtain effective results and, in the case of enteral

administration, the dosage is approximately from 0.01 to 2

mg/kg, preferably approximately from 0.01 to 1 mg/kg of body

weight per day.

It may nevertheless be necessary in some cases to deviate from

the stated amounts, depending upon the body weight of the

experimental animal or the patient or upon the type of

administration route, but also on the basis of the species of

animal and its individual response to the medicament or the



interval at which administration is carried out. Accordingly, it

may be sufficient in some cases to use less than the above-

mentioned minimum amount, while, in other cases, the mentioned

upper limit will have to be exceeded. In cases where relatively

large amounts are being administered, it may be advisable to

divide those amounts into several single doses over the day. For

administration in human medicine, the same dosage latitude is

provided. The above remarks apply analogously in that case.

The above disclosure describes the present invention in general.

A more complete understanding can be obtained by reference to

the following figures and examples. These examples are described

solely for purposes of illustration and are not intended to

limit the scope of the invention. Although specific terms have

been employed herein, such terms are intended in a descriptive

sense and not for purposes of limitation.

Examples of the invention

Example 1: Preparation of human isoQC

Cell lines and media

African green monkey kidney cell line COS-7, human neuroblastoma

cell line SH-SY5Y, human asatrocytoma cell line LN405, human

keratinocytoma cell line HaCaT and human hepatocellular

carcinoma cell line Hep-G2 were cultured in appropriate cell

culture media (DMEM, 10 % FBS for Cos-7, SH-SY5Y, LN405, HaCaT),

(RPMI1640, 10% FBS for Hep-G2), in a humidified atmosphere of 5%

CO2 (HaCaT, Hep-G2, COS-7) or 10% CO2 (SH-SY5Y, LN405) at 37°C.

Analysis of human isoQC Expression using RT-PCR

Total RNA was isolated from SH-SY5Y, LN405, HaCaT and Hep-G2

cells using the RNeasy Mini Kit (Qiagen) and reversely

transcribed by Superscript II (Invitrogen) . Subsequently, human

isoQC was amplified on a 1:12.5 dilution of generated cDNA

product in a 25 µl reaction with Herculase Enhanced DNA-

Polymerase (Stratagene) using primers isoQCh-1 (sense, SEQ ID



NO: 19) and isoQCh-2 (antisense, SEQ ID NO: 20) . The PCR product

of Hep-G2 was purified utilizing the Strataprep PCR Purification

Kit (Stratagene) and confirmed by sequencing.

Results

Analysis of human isoQC Expression using RT-PCR

Transcripts of human isoQC were found to be present in cell

lines SH-SY5Y (Figure 2 , lane 1), LN405 (Figure 2 , lane 2),

HaCaT (Figure 2 , lane 3 ) and Hep-G2 (Figure 2 , lane 4 ) . The PCR

product of Hep-G2 was confirmed by sequencing.

Isolation of human isoQC

Full-length cDNA of human isoQC was isolated from Hep-G2 cells

using RT-PCR. Briefly, total RNA of Hep-G2 cells was reversely

transcribed by Superscript II (Invitrogen) . Subsequently, human

isoQC was amplified on a 1:12.5 dilution of generated cDNA

product in a 25 µl reaction with Herculase Enhanced DNA-

Polymerase (Stratagene) using primers isoQChu-1 (sense, SEQ ID

NO: 21) and isoQChu-2 (antisense, SEQ ID NO: 22) . The resulting

PCR-product was subcloned into vector pPCRScript CAM SK (+)

(Stratagene) and confirmed by sequencing.

Example 2 : Preparation and Expression of human isoQC in

mammalian cell culture

Molecular cloning of plasmid vectors encoding a human isoQC-EGFP

fusion protein

All cloning procedures were done applying standard molecular

biology techniques. For expression of human isoQC-EGFP fusion

protein in human cells, the vector pEGFP-N3 (Invitrogen) was

used. The cDNA of the native human isoQC starting either at

methionine I or at methionine II was fused N-terminally in frame

with the plasmid encoded enhanced green fluorescent protein

(EGFP) . The primers isoQC EGFP-I Met I (SEQ ID NO: 23) and isoQC

EGFP-3 (SEQ ID NO: 25) were used for amplification of human

isoQC starting with methionine I and primers isoQC EGFP-2 Met II

(SEQ ID NO: 24) and isoQC EGFP-3 (SEQ ID NO: 25) were used for

amplification of human isoQC starting with methionine II. The



fragments were inserted into vector pEGFP-N3 (Invitrogen)

employing the restriction sites of EcoRI and Sail and the

correct insertion was confirmed by sequencing. Subsequently, the

vectors were isolated for cell culture purposes using the

EndoFree Maxi Kit (Qiagen) .

Cloning procedure of the N-terminal sequences of hisoQC

In addition, the EGFP sequence of vector pEGFP-N3 (Invitrogen)

was introduced into vector pcDNA 3.1 (Invitrogen) using EGFP-I

(sense) (SEQ ID NO: 48) and EGFP-2 (antisense) (SEQ ID NO: 49)

for amplification. The fragment was introduced into the Xhol

site of pcDNA 3.1. The N-terminal sequences of hisoQC beginning

with methionine I and II each ending at serine 53 were fused C-

terminally with EGFP in vector pcDNA 3.1 using isoQC EGFP-I Met

I (sense, SEQ ID NO: 23) and hisoQC SS EGFP pcDNA as (antisense)

(SEQ ID NO: 50) for the N-terminal fragment of hisoQC beginning

with methionine I and isoQC EGFP-2 Met II (sense, SEQ ID NO: 24)

and hisoQC SS EGFP pcDNA as (antisense) (SEQ ID NO: 50) for the

N-terminal fragment of hisoQC beginning with methionine II.

Fragments were inserted into EcoRI and Notl restriction sites of

vector pcDNA 3.1. Subsequently, the vectors were isolated for

cell culture purposes using the EndoFree Maxi Kit (Qiagen) .

Cloning procedure for native expression of hisoQC and hQC

Native hQC was inserted into HindIII and Notl restriction sites

and native hisoQC was inserted into EcoRI and Notl restriction

sites of vector pcDNA 3.1 (+) (Invitrogen) after amplification

utilizing primers hQC-1 (sense) (SEQ ID NO: 45) and hQC-2

(antisense) (SEQ ID NO: 46) for hQC, isoQC EGFP-I Met I (sense)

(SEQ ID NO: 23) and hisoQC pcDNA as (antisense) (SEQ ID NO: 47)

for hisoQC starting with methionine I and isoQC EGFP-2 Met II

(sense) (SEQ ID NO: 24) and hisoQC pcDNA as (antisense) (SEQ ID

NO: 47) for hisoQC starting with methionine II.

Cloning procedure for FLAG-tagged hisoQC and hQC

Human QC was cloned with a C-terminal FLAG-tag after

amplification applying primers hQC-1 (sense) (SEQ ID NO: 45) and

hQC C-FLAG pcDNA as (antisense) (SEQ ID NO: 51) into HindIII and



Notl restriction sits of vector pcDNA 3.1. Human isoQC was

inserted with a C-terminal FLAG-tag into pcDNA 3.1 after

amplification using primers isoQC EGFP-I Met I (sense) (SEQ ID

NO: 23) and hisoQC C-FLAG pcDNA as (antisense) (SEQ ID NO: 52)

for hisoQC starting with methionine I and primers isoQC EGFP-2

Met II (sense) (SEQ ID NO: 24) and hisoQC C-FLAG pcDNA as

(antisense) (SEQ ID NO: 52) for hisoQC starting with methionine

2 .

Example 3 : Immunohistochemical staining of human isoQC in

mammalian cells

Transfection and histochemical staining of COS-7 and LN405

For expression of human isoQC-EGFP fusion proteins starting

either with methionine I or methionine II, COS-7 and LN405 were

cultured in 6-well dishes containing a cover slip. Cells were

grown until 80% confluency, transfected using Lipof ectamin2000

(Invitrogen) according to manufacturer's manual and incubated in

the transfection solution for 5 hours. Afterwards, the solution

was replaced by appropriate growth media and cells were grown

over-night .

The next day, cells were washed twice with D-PBS (Invitrogen)

and fixed using ice-cold methanol for 10 min at -20 0C , followed

by 3 washing steps using D-PBS for 10 min at room temperature.

For staining of the Golgi-zone, COS-7 and LN405 were incubated

with rabbit anti-mannosidase II polyclonal antibody (Chemicon)

in a 1:50 dilution of antibody in D-PBS for 3 h . For staining of

mitochondria in COS-7 and LN405, cells were incubated with mouse

anti-human mitochondria monoclonal antibody (Chemicon) in a

1:100 dilution of antibody in D-PBS for 3 h at room temperature.

Subsequently, the cells were washed 3 times with D-PBS for 10

min. Cells stained for golgi-zone were incubated with goat anti-

rabbit IgG secondary antibody conjugated with Rhodamin-RedX

(Dianova) for 45 min at room temperature in the dark. Cells

stained for mitochondria were incubated with goat anti-mouse IgG

secondary antibody conjugated with Rhodamin-RedX (Dianova) for

45 min at room temperature in the dark. Afterwards, cells were



washed 3 times with D-PBS for 5 min at room temperature and at

last, the cover slips were mounted on a microscope slide with

citifluor (Citifluor Ltd.)- Cells were observed under a

fluorescence microscope (Carl-Zeiss) .

Results

1 . Transfection and histochemical staining of LN405

The expression of human isoQC-EGFP fusion protein starting with

methionine I and methionine II in cell line LN405 (green

fluorescence) results in a compartmentalization of the resulting

protein. Counterstaining of the Golgi-zone of LN405 using

mannosidase II antibody (red fluorescence) and subsequent

superimposition of human isoQC-EGFP with mannosidase II suggests

a localization of human isoQC-EGFP fusion protein within the

Golgi-compartment . Thereby, it is evident that human isoQC

starting at methionine II is sufficient to generate a Golgi-

localization of the human isoQC fusion protein.

The expression of human isoQC-EGFP fusion protein starting with

methionine I and II (green fluorescence) and counterstaining for

mitochondria (red fluorescence) did not reveal a localization of

human isoQC-EGFP fusion protein starting with methionine I or II

within the mitochondria due to the absence of a yellow

coloration of the merged images after superimposition.

2 . Transfection and histochemical staining of COS-7

In analogy to the expression of human isoQC-EGFP fusion protein

starting with methionine I and methionine II in cell line LN405,

the expression of human isoQC-EGFP fusion protein starting with

methionine I and methionine II in COS-7 results in a

compartmentalization of the resulting protein (green

fluorescence) . Counterstaining of the Golgi-zone of COS-7 cells

using mannosidase II antibody (red fluorescence) and subsequent

superimposition of human isoQC-EGFP with mannosidase II suggests

a localization of human isoQC-EGFP fusion protein within the

Golgi-compartment of COS-7. Again, in COS-7 cells the expression

of human isoQC-EGFP fusion protein starting at methionine II is

sufficient to cause a Golgi-localization .



As expected, the expression of human isoQC-EGFP fusion protein

starting with methionine I and II in COS-7 (green fluorescence)

and counterstaining for mitochondria (red fluorescence) did not

result in a localization of human isoQC-EGFP fusion protein

starting with methionine I or II within the mitochondria due to

the absence of a yellow coloration of the merged images after

super imposition .

Example 4 : Expression and purification of human isoQC in E . coli

Host strains and media

Escherichia coli strain DH5CC was used for propagation of

plasmids and E . coli strain BL21 was used for the expression of

human isoQC. E . coli strains were grown, transformed and

analyzed according to the manufacturer' s instructions

(Qiagen (DH5α), Stratagene (BL21)). The media required for E .

coli, i.e. Luria-Bertani (LB) medium, was prepared according to

the manufacturer's recommendations.

Molecular cloning of plasmid vectors encoding the human isoQC

All cloning procedures were done applying standard molecular

biology techniques. For expression in E . coli BL21, the vector

pET41a (Novagen) was used. The cDNA of the mature human isoQC

starting with codon 30 (counting from methionine II) was fused

in frame with the plasmid encoded GST-tag. After amplification

utilizing the primers hisoQC pET41a-l (SEQ ID NO: 26) and hisoQC

pET41a-2 (SEQ ID NO: 27) (Table 5 ) an N-terminal protease

cleavage site for Enterokinase and a C-terminal (His) 6-tag were

introduced. After subcloning, the fragment was inserted into the

expression vector employing the restriction sites of Spe I and

EcoR I.

Expression and purification in E . coli BL21

The construct encoding the human isoQC was transformed into BL21

cells (Stratagene) and grown on selective LB agar plates at

37°C. Protein expression was carried out in LB medium containing

1% glucose at 37°C. After reaching an OD600 of approximately



0.8, isoQC expression was induced with 20 µM IPTG for 4 h at

37 0C . Cells were separated from the medium by centrigugation

(4000xg, 20 min) , resuspended in PBS (14OmM NaCl, 2 .7mM KCl,

1OmM Na2HPO4, 1.8mM KH2PO4, pH 7,3) and lysed by one cycle of

freezing and thawing followed by one cycle of French Press. The

cell lysate was diluted to a final volume of 1.5 1 using

phosphate-containing buffer (5OmM Na2HPO 4 , 50OmM NaCl, pH 7.3)

and centrifuged at 13.400 x g at 4°C for 1 h . After

centrifugation, the protein concentration of the resulting

supernatant was determined using the mothod of Bradford. If

necessary, the solution was diluted again to obtain a final

total protein concentration of 0.6 mg/ml . The GST-isoQC fusion

protein was purified utilizing a 4-step protocol (Table 6 ) . The

purfication is illustrated by SDS-PAGE analysis in Figure 5 .

Example 5 : Assays for glutaminyl cyclase activity

Fluorometric assays

All measurements were performed with a NovoStar reader for

microplates (BMG Labtechnologies) at 30 0C . QC activity was

evaluated fluorometrically using H-Gln- βNA. The samples consisted

of 0.2 mM fluorogenic substrate, 0.25 U pyroglutamyl

aminopeptidase (Qiagen, Hilden, Germany) in 0.05 M Tris/HCl, pH

8.0 and an appropriately diluted aliquot of isoQC in a final

volume of 250 µl. Excitation/emission wavelengths were 320/410

nm. The assay reactions were initiated by addition of glutaminyl

cyclase. isoQC activity was determined from a standard curve of

β-naphthylamine under assay conditions. One unit is defined as

the amount of isoQC catalyzing the formation of 1 µmol pGlu- βNA
from H-Gln- βNA per minute under the described conditions.

In a second fluorometric assay, isoQC activity was determined

using H-GIn-AMC as substrate. Reactions were carried out at 30 0C

utilizing the NOVOStar reader for microplates (BMG

Labtechnologies) . The samples consisted of varying

concentrations of the fluorogenic substrate, 0.1 U pyroglutamyl

aminopeptidase (Qiagen) in 0.05 M Tris/HCl, pH 8.0 and an

appropriately diluted aliquot of isoQC in a final volume of 250



µl. Excitation/emission wavelengths were 380/460 nm. The assay

reactions were initiated by addition of glutaminyl cyclase. QC

activity was determined from a standard curve of 7-amino-4-

methylcoumarin under assay conditions. The kinetic data were

evaluated using GraFit sofware.

Spectrophotometric assay of isoQC

This assay was used to determine the kinetic parameters for most

of the isoQC substrates. isoQC activity was analyzed

spectrophotometrically using a continuous method (Schilling, S .

et al., 2003 Biol Chem 384, 1583-1592) utilizing glutamic

dehydrogenase as auxiliary enzyme. Samples consisted of the

respective isoQC substrate, 0.3 mM NADH, 14 mM CC-Ketoglutaric

acid and 30 U/ml glutamic dehydrogenase in a final volume of 250

µl. Reactions were started by addition of isoQC and pursued by

monitoring of the decrease in absorbance at 340 nm for 8-15 min.

The initial velocities were evaluated and the enzymatic activity

was determined from a standard curve of ammonia under assay

conditions. All samples were measured at 30 0C , using the Sunrise

reader for microplates. Kinetic data were evaluated using GraFit

software .

Inhibitor assay

For inhibitor testing, the sample composition was the same as

described above, except of the putative inhibitory compound

added. For a rapid test of isoQC-inhibition, samples contained 4

mM of the respective inhibitor and a substrate concentration at

1 KM. For detailed investigations of the inhibition and

determination of Ki-values, influence of the inhibitor on the

auxiliary enzymes was investigated first. In every case, there

was no influence on either enzyme detected, thus enabling the

reliable determination of the isoQC inhibition. The inhibitory

constant was evaluated by fitting the set of progress curves to

the general equation for competitive inhibition using GraFit

software.



Results

A variety of different substrates was evaluated on conversion by

human isoQC (Table 4 ) . All analyzed substrates were converted by

isoQC, indicating a relatively relaxed overall specificity

similar to human QC (Schilling, S . et al . 2003 Biol Chem. 384,

1583-1592). Highest specificity constants (kcat/KM) were

observed for substrates carrying large hydrophobic amino acids

adjacent to the N-terminal glutaminyl residue, e.g. GIn-AMC. In

contrast, negatively charged residues in that very position led

to a drastic drop in specificity, as observed for Gln-Glu,

indicating a negatively charged active site of isoQC. Compared

to human QC, both recombinant iosQCs exerted a lower enzymatic

activity (Figure 7 ) . The difference was up to one order of

magnitude. According to the specificity of isoQC, it is

reasonable to assume that the enzyme is responsible for

conversion of different substrates in vivo, i.e. isoQC is

involved in the generation of many different physiological

substrates .

Human isoQC activity was competitively inhibited by imidazole

derivatives (table 7 , figure 1). The inhibition constants K1 for

imidazole and benzimidazole were very similar to the value which

was obtained for human QC previously. A 10-fold drop in K1,

however, was observed for the potent QC inhibitor 1-(3-(1H-

imidazol-1-yl) propyl) -3- (3, 4-dimethoxyphenyl) thiourea

hydrochloride. Thus, the binding mode of the chelating part,

i.e. the imidazole ring, appears to be very similar. Presumably,

this results from complexation of the active site zinc ion of QC

and isoQC by the imidazole basic nitrogen. The differences in

the Revalues for 1- (3- (lH-imidazol-1-yl) propyl) -3- (3, 4-

dimethoxyphenyl) thiourea hydrochloride clearly demonstrate that

the active sites of both enzymes display subtle differences.

Therefore, it is possible to generate inhibitors that exert

selectivity for one enzymatic isoform. Selective inhibitors are

beneficial for the treatment of the above-mentioned diseases.

Moreover, human isoQC activity was inhibited by the example

compounds of formula (I) (table 7A) .



Table 4: Kinetic evaluation of peptide substrates of human QC

and human isoQC. Human isoQC was expressed in E . coll BL21

(hisoQCdt) or P . pastoris (YSShisoQC) . The substrates are

displayed in the one-letter code of amino acids.

Table 5 : Utilized primers







Table 6 : Purification of GST-isoQC fusion protein following

expression in E . coll. The purified fusion protein was used for

determination of isoQC activity.



Table 7: Ki-values for competitive inhibition of human QC and

human isoQC by imidazole derivatives. Human isoQC was expressed

in E . coli BL21 (hisoQCdt) or P . pastoris (YSShisoQC)



Table 7A: Ki-values for competitive inhibition of human QC and

human isoQC by isoQC inhibitors of formula (I) . Human isoQC was

expressed in P . pastoris

Example 6 : Expression and purification of human isoQC in P .

pastoris

Host strains and media

Escherichia coli strain DH5CC was used for propagation of

plasmids and P . pastoris strain X-33 was used for the expression

of human isoQC in yeast. E . coli and P . pastoris strains were

grown, transformed and analyzed according to the manufacturer' s

instructions (Qiagen (DH5CC) , Invitrogen (X-33) ) . The media

required for E . coli, i.e. Luria-Bertani (LB) medium, was

prepared according to the manufacturer's recommendations. The

media required for Pichia pastoris, i.e. BMMY, BMGY, YPD, YPDS



and the concentration of the antibiotics, i.e. Zeocin, were

prepared as described in the Pichia manual (invitrogen, catalog.

No. K1740-01). The manual also includes all relevant

descriptions for the handling of yeast.

Molecular cloning of plasmld vectors encoding the human isoQC

All cloning procedures were done applying standard molecular

biology techniques. For expression in Plchla pastorls X-33, the

pPiCZCCA (invitrogen) was used. The cDNA of the mature human

isoQC starting with codon 30 (counting from methionine II) was

fused in frame with the plasmid encoded α-factor, directing the

protein into the secretory pathway. After amplification

utilizing the primers hisoQC HIS C-Term pPICZAA-1 (SEQ ID NO:

28) or hisoQC HIS N-Term pPICZAA-1 (SEQ ID NO: 29) as sense-

primers and hisoQC HIS N-Term pPICZAA-2 (SEQ ID NO: 30) and

hisoQC HIS C-Term pPICZAA-2 (SEQ ID NO: 32) (Table 5 ) as

antisense primers, the fragment was inserted into the expression

vector employing the restriction sites of Notl and EcoR I .

Depending on the construct, mutations were introduced in codons

55 (He) and 351 (Cys) . The mutagenesis was performed according

to standard PCR techniques followed by digestion of the parent

DNA using Dpnl (quik-change II site-directed mutagenesis kit,

Stratagene, Catalog No. 200524). The generated constructs are

illustrated schematically in Figure 3 .

Transformation of P . pastorls and Mini-Scale Expression

1-2 µg of plasmid DNA were applied for transformation of

competent P . pastorls cells by electroporation according to the

manufacturer's instructions (BioRad) . Selection was done on

plates containing 100 µg/ml Zeocin. In order to test the

recombinant yeast clones upon isoQC expression, recombinants

were grown for 24 h in 10 ml conical tubes containing 2 ml BMGY.

Afterwards, the yeast was centrifuged and resuspended in 2 ml

BMMY containing 0.5 % methanol. This concentration was

maintained by addition of methanol every 24 h for about 72 h .

Subsequently, isoQC activity in the supernatant was determined.

Clones that displayed the highest activity were chosen for



further experiments and fermentation. Depending on the expressed

construct, the isoQC-activity in the medium differed (Figure 4).

Expression and purification of hisoQC in P . pastoris

For large scale-expression of isoQC in Pichia pastoris, the

conditions were kept as described in the mini-scale expression,

however, the total volume was 8 1 . The expression was performed

in shake-flasks. After expression, cells were separated from the

medium by centrigugation (1500xg, 20 min) , and the pellet

discarded. The pH-value of the supernatant was adjusted to

neutrality, centrifuged again and applied for the first

purification step. The isoQC protein was purified utilizing a 3-

step protocol (Table 8). The purfication is illustrated by SDS-

PAGE analysis in Figure 5 .

Table 8 : Purification of hisoQC (YSShisoQCN55IC351A C-His)

following expression in P . pastoris. The purified fusion protein

was used for determination of isoQC activity and pH-dependance.



Results

Human isoQC was expressed in the methylotrophic yeast P .

pastoris successfully. Several different constructs were

generated, in order to select the best expression conditions in

yeast (Figure 3 ) . As illustrated in figure 4 , the isoQC activity

that is expressed and present in the medium of the expressing

cells, varies depending on the expressed construct. Introduction

of a glycosylation site resulted in proper secretion, as can be

observed from constructs YSShisoQCN55IC351A C-His and

YSShisoQCN55I C-His. Due to the highest activity in the medium,

construct YSShisoQCN55IC351A C-His was expressed in large-scale

and purified. The purification was carried out as described in

Table 8 , the yield of purification was 59%. The apparent

homogeneous protein was glycosylated, as evidenced by a shift in

migration to lower molecular mass (Figure 5 ) . Glycosylation did

not influence the catalytic activity of the enzyme.

Example 7 : The pH-dependence of hisoQC

The fluorometric assay using H-Gln- βNA (described in example 5 )

was applied to investigate the pH-dependence of the catalytic

specificity. The reactions were carried out at substarte

concentrations of 7 µM , i.e. at [S]<<KM. Therefore, the the

observed specificity constants could be directly deduced from



the initial velocity of the progress curves of substrate

conversion. In these studies the reaction buffer consisted of

0.075 M acetic acid, 0.075 M MES and 0.15 M TRIS, adjusted to

the desired pH using HCl or NaOH. The buffer assures a constant

ionic strength over a very broad pH-range. Evaluation of the

acquired enzyme kinetic data was performed using the following

equation :

kcat/KM (pH) = kcat/KM (limit)*l/(l + [H+] /KHS + KEl/ [H+] +

KEl/ [H+] *KE2/ [H+] ),

in which kcat/KM (pH) denotes the pH-dependent (observed) kinetic

parameter. kcat/KM (limit) denotes the pH-independent ("limiting")

value. KHS, KEl and KE2 denote the dissociation constants of an

dissociating group in the acidic pH-range, and two dissociating

groups of the enzyme, respectively. Evaluation of all kinetic

data was performed using GraFit software (version 5.0.4. for

windows, ERITHACUS SOFTWARE Ltd., Horley, UK).

Results

The hisoQC displays a pH-optimum of specificity at pH 7-8. Thus,

the pH-optimum of catalysis is very similar to human QC. Fitting

of the data according to a model which is based on three

dissociating groups resulted in a good interpretation of the pH-

dependance of hisoQC and hQC (Figure 8 ) . Thus, the catalysis of

both enzymatic reactions is influenced by similar dissociating

groups, suggesting a similar catalytic mechanism in general.

It is obvious, that only one pKa differs between hisoQC and hQC

significantly. In hQC, the pKa corresponds to the pKa of the

dissociation constant of the substrate. Possibly, the subtle

difference between hQC and hisoQC is caused by structural

changes occurring in isoQC catalysis (induced fit) , influencing

the pH-dependance .

Example 8 : Investigation of (iso) Glutamyl Cyclase activity

It has been described for human QC, that the enzyme catalyses

the cyclization of N-terminal glutamic acid into pyroglutamic



acid. Therefore, QC is involved in the generation of pGlu-

modified amyloid peptides.

In order to investigate the cyclization of glutamic acid, human

QC and human isoQC were purified and the formation of pGlu-

modified amyloid β (3-ll) [pGlu-A β (3-11) ] from Aβ (3-ll) was

monitored. Reactions consisted of 20µl substrate (A β (3-ll),

2 .5mM stock solution in 5OmM Mes buffer, pH 6.5) and 80µl enzyme

(0.62 mg/ml hQC stock solution; 0.61mg/ml hisoQC stock solution

in 5OmM Mes pH 6.5) . Samples (15 µl ) were removed after Oh, 6h,

24h, 48h und 72h and boiled for 5min in order to terminate the

reaction. The analysis of substrate conversion was monitored by

Maldi-Tof mass spectrometry. Substrate and product differ in

their molecular mass by 18Da, the mass of water, which is

released during cyclization.

As shown in figure 9 , human QC and human isoQC

(YSShisoQCI55NC351A C-His) catalyze the conversion of Aβ (3-11)

into pGlu-A β (3-11) . However, based on equal protein

concentrations in both samples, one can conclude that the

conversion of N-terminal glutamic acid by hisoQC is much slower

compared with hQC. Thus, the lower specificity constants for

conversion of glutaminyl substrates is also observed with

glutamyl substrates. No cyclization was observed under these

conditions with inactivated enzyme (Schilling, S . et al . 2004

FEBS Lett. 563, 191-196).

Example 9 : Preparation and Expression of human MCP-I in

mammalian cell culture

Cell lines and media

Human neuroblastoma cell line SH-SY5Y, human embryonic kidney

cell line HEK293 and human monocyte cell line THP-I were

cultured in appropriate cell culture media (DMEM, 10% FBS for

SH-SY5Y and HEK293), (RPMI1640, 10 % FBS for THP-I), in a

humidified atmosphere of 5% CO2 (HEK293, THP-I) or 10% CO2 (SH-

SY5Y) at 37°C.



Isolation of human MCP-I

Full-length cDNA of human MCP-I was isolated from SH-SY5Y cells

using RT-PCR. Total RNA of SH-SY5Y cells was reversely

transcribed by Superscript II (Invitrogen) and subsequently,

human MCP-I was amplified on a 1:12.5 dilution of generated cDNA

product in a 25 µl reaction with Pfu-DNA-Polymerase (Promega)

using primers hMCP-1-1 (sense) and hMCP-1-2 (antisense) (Table

9 ) . The resulting PCR-product was cloned into vector pcDNA 3.1

using the HindIII and Notl restriction sites and the sequence

was confirmed by DNA-sequencing.

Site-directed mutagenesis of human MCP-I

Deletions of the first (∆Q1) and first and second (∆Q1P2) amino

acids of the mature human MCP-I were generated by site-directed

mutagenesis using primer ∆Q1-1 and ∆Q1-2 for ∆Q1 (Table 9 ) and

primers ∆Q1P2-1 and ∆Q1P2-2 for ∆Q1P2 (Table 9 ) . Parental DNA

was digested with Dpn I . The pcDNA 3.1 plasmids with the

deletions ∆Q1 and ∆Q1P2 of the mature human MCP-I were

transformed into E . coli JM109. Ampicillin-resistant clones were

confirmed by sequencing and subsequently isolated for cell

culture purposes using the EndoFree Maxi Kit (Qiagen) .

Expression of N-terminal variants of human MCP-I in HEK293 cells

For expression of N-terminal variants of human MCP-I, HEK293

cells were cultured in collagen I coated 6-well dishes and grown

until 80% confluency, transfected using Lipof ectamin2000

(Invitrogen) according to manufacturer's manual and incubated in

the transfection solution for 5 hours. Afterwards, cells were

allowed to recover in normal growth media over night. The next

day, cells were incubated another 24 h in growth media. For

analysis of efficacy of QC-inhibition, cells were incubated for

24 h in absence or presence of the specific inhibitor. After 24

h , the media containing the human MCP-I variants were collected

and investigated in a migration assay for chemotactic potency.

Furthermore, an aliquot of cell culture supernatant was stored

at -80 0C for quantification of human MCP-I concentration using a

human MCP-I-ELISA (Pierce) .



TransWell chemotaxis assay

The chemotaxis assay was performed using 24 well TransWell

plates with a pore size of 5 µm (Corning) . Media containing the

human MCP-I variants expressed in HEK293 were used as

chemoattractant . To this avail, 600 µl of the culture media of

N-terminal human MCP-I variants was applied undiluted or in

dilutions 1:3, 1:10 and 1:30 in RPMI1640 to the lower chamber of

the TransWell plate. Furthermore, undiluted media of HEK293

cells transfected with vector control were applied as negative

control to the lower chamber. THP-I cells were harvested and

resuspended in RPMI1640 at a concentration of 1*10 cells / 100

µl and applied in 100 µl aliquots to the upper chamber. Cells

were allowed to migrate towards the chemoattractant for 2 h at

37 0C . Subsequently, cells from the upper chamber were discarded

and the lower chamber was mixed with 50 µl 70 mM EDTA in PBS and

incubated for 15 min at 37°C to release cells attached to the

membrane. Afterwards, cells migrated to the lower chamber were

counted using a cell counter system (Scharfe System) . The

chemotactic index was calculated by dividing cells migrated to

the stimulus from cells migrated to the negative control.

Table 9: Utilized primers



Example 10: Subcellular localization of rat and mouse isoQC

A . Cloning Procedures

For the cloning for EGFP-tagged rat and mouse isoQC, the EGFP

sequence of vector pEGFP-N3 (Invitrogen) was introduced into

vector pcDNA 3.1 (Invitrogen) using primers 1 (sense) (SEQ ID

NO: 61) and 2 (antisense) (SEQ ID NO: 62) (see Table 10 below)

for amplification. The fragment was introduced into the Xhol

site of pcDNA 3.1. The generated vector was termed pcDNA-EGFP.

The cDNA of the native mouse-isoQC starting either at Metl (SEQ

ID NO: 53) or MetII (SEQ ID NO: 54) and rat-isoQC starting either

at Metl (SEQ ID NO: 55) or MetII (SEQ ID NO: 56) was fused C-

terminally in frame with EGFP in vector pcDNA-EGFP. The primers

3 (sense) (SEQ ID NO: 63) and 4 (antisense) (SEQ ID NO: 64)

(Table 10) were used for amplification of mouse-isoQC starting

with Metl (SEQ ID NO: 53) and primers 5 (sense) (SEQ ID NO: 65)

and 4 (antisense) (SEQ ID NO: 64) (Table 10) were used for

amplification of mouse-isoQC starting with MetII (SEQ ID NO:

54). Primers 6 (sense) (SEQ ID NO: 66), 7 (antisense) (SEQ ID

NO: 67) and 5 (sense) (SEQ ID NO: 65) and 7 (antisense) (SEQ ID

NO: 67) (Table 10) were used for amplification of rat-isoQC

starting with Metl (SEQ ID NO: 55) and MetII (SEQ ID NO: 56),



respectively. The fragments were inserted into vector pcDNA-EGFP

employing the restriction sites of EcoRI and Notl and correct

insertion of the fragments was confirmed by sequencing. The N-

terminal sequences of mouse-isoQC beginning at Metl and MetII

each ending at serine 55 (counting from Metl) (of both SEQ ID

NOs: 57 and 58) and rat-isoQC beginning at Metl and MetII each

ending at serine 55 (counting from Metl) (of both SEQ ID NOs: 59

and 60) were also fused C-terminally with EGFP in vector pcDNA-

EGFP using primer 3 (sense) (SEQ ID NO: 63) and primer 8

(antisense) (SEQ ID NO: 68) (Table 10) for the N-terminal

fragment of mouse-isoQC beginning with Metl and primer 5 (sense)

(SEQ ID NO: 65) and primer 8 (antisense) (SEQ ID NO: 68) (Table

10) for the fragment starting with MetII. The N-terminal

fragments of rat-isoQC were amplified using primer 6 (sense)

(SEQ ID NO: 66) and primer 9 (antisense) (SEQ ID NO: 69) (Table

10) for starting with Metl, and primer 5 (sense) (SEQ ID NO: 65)

and primer 9 (antisense) (SEQ ID NO: 69) (Table 10) for starting

with MetII. Subsequently, all vectors were isolated for cell

culture purposes using the EndoFree Maxi Kit (Qiagen) .

Table 10: Oligonucleotide primers used for cloning of m-isoQC

and r-isoQC into vector pcDNA 3.1

Primer Sequence (5' —>3'), restriction Purpose SEQ ID

sites (underlined) NO:

1 ATAT CTCGAG TCCATCGCCACCATGGTGA Amplification of 61

GC EGFP

2 ATAT CTCGAG TTACTTGTACAGCTCGTCC Amplification of 62

AT EGFP

3 ATAT GAATTC ATGAGTCCCGGGAGCCGC Amplification of 63

m-isoQC starting

with Metl

4 ATAT GCGGCCGC ATGAGTCCCAGGTACTC Amplification of 64

GGCCAG m-isoQC lacking

the stop codon

5 ATAT GAATTC ATGAAACCACCCTCACTT Amplification of 65

m-isoQC and r-



isoQC starting

with MetII

ATATGAATTCATGAGTCCGGCCAGCCGC Amplification r- 66

isoQC starting

with Metl

ATAT GCGGCCGC ATGAGACCCAGGTACTC Amplification of 67

AGCCAG r-isoQC lacking

the stop codon

ATAT GCGGCCGC ATGCTGTTCCAGACGAT Amplification of 68

ATAGAAAGC m-isoQC N-terminal

sequence

ATAT GCGGCCGC ATGCTATTCCAGACGAT Amplification of 69

ATAAAAAGC r-isoQC N-terminal

sequence

B . Cultivation and transfection of mammalian cells

The human astrocytoma cell line LN405 and the human

neuroblastoma cell line SH-SY5Y were cultured in appropriate

cell culture media (Dulbecco's modified Eagle medium, 10% fetal

bovine serum), in a humidified atmosphere of 10% CO2 at 37°C. For

transfection, LN405 and SH-SY5Y cells were cultured in 2-well

chamber slides (BD Falcon) , grown until 80% confluency and

transfected by incubation in a solution containing

Lipof ectamin2000 (Invitrogen) and the respective plasmids (as

obtained above in Step A ) according to the manufacturer's

manual. The solution was replaced with appropriate growth media

after 5 h and cells were grown overnight.

C . Histochemical analysis

For histochemical analysis LN405 and SH-SY5Y cells were washed

twice with D-PBS (Invitrogen), one day after transfection and

fixed using ice-cold methanol for 10 min at -20 0C , followed by

three washing steps of D-PBS for 5 min at room temperature. For

the staining of the Golgi complex, LN405 and SH-SY5Y cells were

incubated with anti-mannosidase II polyclonal antibody

(Chemicon) in a 1:100 dilution of antibody in D-PBS for 3 h at

room temperature. Subsequently, the cells were washed three



times with D-PBS for 5 min. The cells were incubated with goat

anti-rabbit IgG secondary antibody conjugated with Cy3 at room

temperature in the dark for 45 min. Afterwards, the samples were

washed three times with D-PBS for 5 min and were incubated with

lµg/ml 4 ' ,6-Diamidin-2' -Phenylindole- (DAPI) solution (Roche)

for two minutes for staining of the nucleus and washed once with

D-PBS. The coverslips were mounted on the microscope slide with

Citifluor (Citiflour Ltd., Leicester, UK). Cells were observed

with a confocal laser scanning microscope (Carl-Zeiss) .

D . Results

In order to investigate the subcellular localization of mouse-

isoQC and rat-isoQC in mammalian cells and the relevance of the

putative start methionines, mouse-isoQC-EGFP and rat-isoQC-EGFP

fusions beginning either at methionine I (Metl) or at methionine

II (MetII) were generated. Human LN405 and SH-SY5Y cells were

transiently transfected and the subcellular distribution was

examined using confocal laser scanning microscopy. The

expression of mouse-isoQC (Metl) -EGFP and rat-isoQC- (Metl) -EGFP

fusion proteins resulted in a distinct staining close to the

nucleus of virtually all cells expressing the transgene (Figure

9a, 10a, 11a and 12a) . Counterstaining of cellular mannosidase

II revealed the presence of mouse-isoQC (Metl) -EGFP and rat-

isoQC (Metl) -EGFP within the Golgi complex in LN405 and SH-SY5Y.

Expression of mouse-isoQC (MetII) -EGFP and rat-isoQC (MetII) -

EGFP fusion proteins resulted in a very similar fluorescence

staining, which matched well with the localization of

mannosidase II (Figure 9a, 10a, 11a and 12a) . Thus, the

subcellular distribution of mouse-isoQC and rat-isoQC is

independent of the N-terminal methionine.

In order to clarify whether the predicted N-terminal signal

anchor is responsible for the retention of mouse-isoQC and rat-

isoQC within the Golgi complex, the signal peptides starting at

Metl and MetII, including the putative signal anchor sequences,

were cloned in-frame with EGFP. The resulting vectors mouse-

isoQC (Metl) signal sequence (SS) EGFP, mouse-isoQC (MetII) SS

EGFP, rat-isoQC (Metl) SS EGFP and rat-isoQC (MetII) SS EGFP



were expressed in LN405 and SH-SY5Y cells as described before

and the expression was also analyzed by confocal laser scanning

microscopy. The expression of the four vectors resulted in the

same Golgi complex localization that was observed for the full

length fusion proteins (Figure 9b, 10b, lib and 12b) .

Consequently, the N-terminal sequence of isoQC results in the

co-translational translocation of the mouse-isoQC and rat-isoQC

to the membrane of the endoplasmatic reticulum and in the

retention within the Golgi complex. Furthermore, due to the

expression of mouse-isoQC (MetII) SS EGFP and rat-isoQC (MetII)

SS EGFP, the Golgi retention signal can be grossly mapped

between residues methionine 19 and serine 55 of both, SEQ ID

NO's: 58 and 60, respectively.

Example 11: Gene expression of QC (QPCT) and isoQC (QPCTL) in

RAW264.7 and THP-I cells

A . Characterization of RAW264.7 cells

The murine monocyte/macrophage cell line RAW264.7 (in the

following: RAW) was obtained from CLS (Eppelheim, Germany). RNA

was isolated using the NucleoSpin RNA II kit (Macherey Nagel)

according to the manufacturer's instructions. Constant 1000 ng

of RNA were reversely transcribed to cDNA using random primers

(Roche) and Superscript II (Invitrogen) . Quantitative real-time

PCR was performed in a Rotorgene3000 (Corbett Research) using

the QuantiTect SYBR Green RT-PCR kit (Qiagen) . Applied primers

are depicted in tables H A and HB.

An initial 15 min activation step at 95 0C was performed,

followed by 45 cycles of 15 sec denaturation at 95 0C , annealing

for 20 sec at 60 0C (for Qiagen primers at 55 °C) , and 20 sec

extension at 72 0C . Gene expression was determined with the

Rotorgene software version 4.6 in quantitation mode. For

verification of the PCR, product melting curves were generated

and amplicons were confirmed by agarose gel electrophoresis.



B . Characterization of THP-I cells

THPl (human acute monocytic leukemia) cells were obtained from

CLS (Eppelheim, Germany) . RNA isolation, cDNA synthesis and PCR

were done as described for RAW cells. Primers used for

quantification of human QPCT and human QPCTL are depicted in

table 12.

C . Results

Using primer pairs, which are amplifying products within exon 1

of murine QPCT (mQPCT) , PCR products could be obtained (Figure

13 (a), primer pairs F5/R6 (SEQ ID NO's: 70 and 73), F5/R14 (SEQ

ID NO's: 70 and 74), F5/R16 (SEQ ID NO's: 70 and 75); see Table

HA) . In contrast, primer pairs binding to the regions of exon 2

to exon 7 did not result in the detection of products with cDNA

isolated from RAW cells (Figure 13 (a) , primer pairs F5/R12 (SEQ

ID NO's: 70 and 76), F5/R20 (SEQ ID NO's: 70 and 77), F3/R4 (SEQ

ID NO's: 71 and 78), F3/R20 (SEQ ID NO's: 70 and 77), F3/R2 (SEQ

ID NO's: 70 and 79), F11/R22 (SEQ ID NO's: 72 and 80), Table

HA, primers obtained from Qiagen) . All primer pairs amplified

products with cDNA isolated from B16 murine melanoma cells as

well as from murine brain tissue. Consequently, RAW cells did

not express full-length mQPCT mRNA. RAW cells, B16 cells as well

as murine brain tissue expressed murine QPCTL (mQPCTL) (Table

HB, Figure 13 (a) . RAW cells did not express full-length mQPCT

RNA but expressed mQPCTL; therefore, this cell line is a useful

tool for in vitro testing of inhibitors of the mQPCTL activity

Table HA: Oligonucleotides for amplification of murine QPCT and

murine QPCTL

mQPCT NM_027455 Mus musculus glutaminyl -peptide

cyclotransferase (glutaminyl cyclase) (Qpct) , mRNA



mQPCTL NM_026111 Mus musculus glutaminyl -peptide

cyclotransferase-like (Qpctl) , mRNA

Table HB: Results of the amplification of murine QPCT and

murine QPCTL

mQPCT NM_027455 Mus musculus glutaminyl -peptide

cyclotransferase (glutaminyl cyclase) (Qpct) , mRNA



mQPCTL NM_026111 Mus musculus glutaminyl -peptide

cyclotransferase-like (Qpctl) , mRNA

In addition, human THPl cells expressed both human QPCT (hQPCT)

mRNA as well as human QPCTL (hQPCTL) mRNA. Treatment of THPl

cells with LPS (1 µg/ml) for 24 h increased hQPCT mRNA levels

whereas hQPCTL RNA showed constant levels (Figure 14) . THPl

cells can be used as a human in vitro screening model for QPCT

(QC) and QPCTL (isoQC) inhibitors.

Table 12: Oligonucleotides for amplification of human QPCT and

human QPCTL



Example 12: Potency of different isoQC-inhibitors in RAW264.7

and THP-I cells

A . Inhibition of pGlu-MCP-1 formation in RAW264.7

The mouse monocyte/macrophage cell line RAW2 64.7 was used to

investigate the effect of glutaminyl cyclase (QC) inhibitors as

well as isoglutaminyl cyclase (QPCTL) inhibitors on the

formation of the N-terminal pyroglutamate (pGlu) of MCP-I

secreted by the cells after LPS stimulation. 40.000 cells/100 µl
were seeded per well in a 96-well microplate and grown in DMEM

(Invitrogen) containing 10% FBS and Gentamycin (Invitrogen) .

After 24h the medium was changed to 150 µl
DMEM/10%FBS/Gentamycin containing an appropriate concentration

of inhibitor or control (DMSO) . For inhibitor screening

experiments the test compounds were used in a final

concentration of 10 µM . Four replicates were performed for each

compound. 30 min after inhibitor application cells were

stimulated by addition of LPS (10 ng/ml, from E . coli strain

055:B5, Sigma). 24 h after LPS stimulation, the supernatant was

harvested and stored at -20 0C until analysis of MCP-I. Total

MCP-I and pGlul-MCP-1 (mMCP-1 NIpE) were determined by specific

ELISAs. (See Example 12B below)

B . ELISA for detection of total mMCP-1 and mMCP-1 NIpE

For determination of total mMCP-1 and mMCP-1 NIpE, specific

ELISAs were developed. Briefly, 25 ng of capture antibody

rabbit-anti mJE (Peprotech) were coated per well of a 96 well

plate in coating buffer (PBS, pH 7.4). Plates were incubated

over night at room temperature. Afterwards, each well was

blocked for 2 h by addition of 200 µl blocking buffer (protein

free (TBS) blocking buffer (Perbio) ) and then washed 3 times

using 300 µl of wash buffer (protein free T20 (TBS) blocking

buffer (Perbio) ). Standard peptides (Peprotech) and samples were

diluted using dilution buffer (protein free T20 (TBS) blocking

buffer)) and 100 µl were applied onto the test plate. The

incubation of test samples and standard peptides was carried out

for 2 h at room temperature and afterwards the plate was washed

3 times using wash buffer. For detection of mMCP-1 NIpE, anti-



pEl-MCP-1 specific monoclonal antibody clone 4B8 (produced by

Probiodrug, 0.65 mg/ml) was applied in a concentration of 0.25

µg/ml in combination with anti-mouse-HRP conjugate (KPL) in a

dilution of 1:2000. For the detection of total MCP-I, rat-anti

mouse MCP-I (R&D Systems, 1 mg/ml) was applied in a

concentration of 0.25 µg/ml in combination with anti-rat-HRP

conjugate (Sigma) in a dilution of 1:2000. Antibodies were

diluted in dilution buffer, applied in a volume of 100 µl to

each well and incubated for 2 h at room temperature. Thereafter,

wells were washed 5 times with 300 µl of wash buffer followed by

application of the chromogen SureBlue (KPL) in a volume of 100

µl to each well. After incubation in the dark for 30 min, the

reaction was abrogated using 50 µl Stop Solution (1.2 N H2SO4)

and absorption was determined at 450 nm. The reference

wavelength of 550 nm was subtracted from sample absorption at

450 nm.

C . Results

Using the mMCP-1 NIpE assay in RAW264.7 cells, the efficacy of

QC inhibitors to suppress the formation of pGlul-MCP-1 by the

mouse-QC-negative and mouse-isoQC-positive cell line RAW264.7

could be demonstrated. A correlation of the inhibitor constants

for human-isoQC with the inhibition of pGlu-MCP-1 formation was

found. Only compounds, which show a strong inhibition of isoQC

(K
1

^lOOnM) are capable of efficiently inhibiting the formation of

pGlu-MCP-1, whereas strong QC but weak isoQC inhibitors show

only weak cellular potency in inhibiting pGlu-MCP-1 formation in

RAW2 64.7 cells.

Thus, the RAW cells provide an excellent system to investigate

the inhibition of isoQC independently from potential disturbing

influences of substrate conversion by QC.

Example 13 : Methods for the isolation and characterization of

isoQCs from different itiasmnalian origins including methods for

protein detection by Western-Blot



A . Host strains and media

Escherichia coli strain DH50C was used for propagation of

plasmids and P . pastoris strain X-33 was used for the expression

of human isoQC in yeast. E . coli and P . pastoris strains were

grown, transformed and analyzed according to the manufacturer' s

instructions (Qiagen (DH5CC) , Invitrogen (X-33) ) . The media

required for E . coli, i.e. Luria-Bertani (LB) medium, was

prepared according to the manufacturer's recommendations. The

media required for Pichia pastoris, i.e. BMMY, BMGY, YPD, YPDS

and the concentration of the antibiotics, i.e. Zeocin, were

prepared as described in the Pichia Manual (Invitrogen, catalog.

No. K1740-01). The manual also includes all relevant

descriptions for the handling of yeast.

B . Molecular cloning of plasmid vectors encoding the mouse

isoQC

All cloning procedures were performed applying standard

molecular biology techniques. For expression in Pichia pastoris

X-33, the pPiCZCCA vector (Invitrogen) was used. The cDNA of the

mature mouse isoQC starting with codon 43 (GIu 43) of the open

reading frame (counting from methionine II, i.e. the

transmembrane sequence is omitted and not inserted into the

yeast expression vector, as shown in Figure 15) was fused in

frame with the pPiCZCCA-plasmid-encoded OC-factor secretion

signal, directing the protein into the secretory pathway. After

amplification of mouse-isoQC utilizing the primer 10 (sense)

(SEQ ID NO: 83) and primer 11 (antisense) (SEQ ID NO: 84) (table

13), the fragment was inserted into the expression vector

employing the restriction sites of Notl and EcoR I . For

insertion of a glycosylation site, a mutation was introduced in

codon 56 (Ile56Asn) of the open reading frame of isoQC (again

assuming that methionine II is the first amino acid of the

protein) by primers 12 (sense) (SEQ ID NO: 85) and 13

(antisense) (SEQ ID NO: 86) (Table 13) . The mutagenesis was

performed according to standard PCR techniques followed by

digestion of the parent DNA using Dpnl (quik-change II site-

directed mutagenesis kit, Stratagene, Catalog No. 200524).



Table 13 : Oligonucleotides used for cloning and mutation of

murine isoQC

Oligo- Sequence (5' —>3'), restriction Purpose SEQ ID

nucleo- sites (underlined) NO:

tide

10 ATATGAATTCGAGGAGATGTCACGGAGC Amplification of 83

m-isoQC starting

with GIu 43

11 ATATAT GCGGCCGC CTAGAGTCCCAGGTACT Amplification of 84

CGGC m-isoQC for

insertion into

pPICZCCA vector

12 GATCTGCGGGTCCCGCTGAACGGAAGCCTTT Change of H e 56 85

CAGAAGCC to Asn

13 GGCTTCTGAAAGGCTTCCGTTCAGCGGGACC Change of H e 56 86

CGCAGATC to Asn

C . Transformation of P . pastoris and Mini-Scale Expression

1-2 µg of plasmid DNA were applied for transformation of

competent P . pastoris cells by electroporation according to the

manufacturer's instructions (BioRad) . Selection was done on

plates containing 100 µg/ml Zeocin. In order to test the

recombinant yeast clones for mouse-isoQC expression, cells were

grown for 24 h in 10 ml conical tubes containing 2 ml BMGY.

Afterwards, the yeast was centrifuged and resuspended in 2 ml

BMMY containing 0.5 % methanol. This concentration was

maintained by addition of methanol every 24 h for about 72 h .

Subsequently, QC activity in the supernatant was determined.

Clones that displayed the highest activity were chosen for

further experiments and fermentation.

D . Expression and purification of m-isoQC in Pichia pastoris

Large scale-expression of isoQCs in Pichia pastoris was

performed in a 51 reactor (Biostad B ; Braun Biotech, Melsungen,

Germany) . Briefly, the fermentation was carried out in basal

salt medium supplemented with trace salts at pH 5.5. Initially,



the biomass was accumulated in a batch and a fed-batch phase

with glycerol as the sole carbon source for about 28 h .

Expression of the isoQCs was initiated by methanol-f eeding

according to a three-step profile recommended by Invitrogen for

an entire fermentation time of approximately 65 h . After

expression, the cells were separated from the medium by

centrifugation (8000xg, 20 min) , and the pellet was discarded.

Ammonia was added to the supernatant to a final concentration of

0.8 M , subsequently again centrifuged and the resulting

supernatant was further used for the first purification step.

The isoQC proteins were purified utilizing a 4-step protocol

(Table 14) . Purified protein was used for determination of QC

activity and analysis of metal content. The purification is

illustrated in figure 16.

Table 14 : Scheme of the purification of mouse isoQC following

expression in P . pastoris.



E . Fluorometric assays and spectrophotomeric assay for the

determination of QC activity

These assays were performed as described in Example 5 .

F . Expression and purification of rat-isoQC in Pichia pastoris

Molecular cloning of plasmld vectors encoding the rat isoQC

All cloning procedures were done applying standard molecular

biology techniques. For expression in Plchla pastoris X-33, the

pPiCZCCA (Invitrogen) was used. The cDNA of the mature rat-isoQC

starting with codon 43 (counting from methionine II, Figure 15)

was fused in frame with the plasmid encoded OC-factor, directing

the protein into the secretory pathway. After amplification

utilizing the primer 14 (SEQ ID NO: 87) as sense and primer 15

(SEQ ID NO: 88) as antisense (Table 15), the fragment was

inserted into the expression vector employing the restriction

sites of Notl and EcoRI . A mutation was introduced in codon 56

(Ile56Asn) using primer 16 (sense) (SEQ ID NO: 89) and primer 17

(antisense) (SEQ ID NO: 90). The mutagenesis was performed

according to standard PCR techniques followed by digestion of

the parent DNA using Dpnl (quik-change II site-directed

mutagenesis kit, Stratagene, Catalog No. 200524).

Expression and purification of rat-isoQC In P . pastoris

Large-scale expressions of isoQCs in Plchla pastoris were

performed in a 51 reactor (Biostad B ; Braun Biotech, Melsungen,



Germany) . Briefly, fermentation was carried out in basal salt

medium supplemented with trace salts at pH 5.5. Initially,

biomass was accumulated in a batch and a fed batch phase with

glycerol as the sole carbon source for about 28 h . Expression of

the isoQCs was initiated by methanol feeding according to a

three-step profile recommended by Invitrogen for an entire

fermentation time of approximately 65 h . After expression, cells

were separated from the medium by centrifugation (8000xg, 20

min) , and the pellet discarded. The pH-value of the supernatant

was adjusted to neutrality, centrifuged again and applied for

the first purification step. The isoQC protein was purified

utilizing a 3-step protocol (Table 16). The purification is

illustrated by SDS-PAGE analysis in Figure 17.

Table 15: Oligonucleotides used for cloning and mutation of rat

isoQC

Oligo- Sequence (5' 3 ) , Purpose SEQ ID

nucleo- resiction sites NO

tide (underlined)

14 ATAT GAATTC CATCACCATCACCATC Amplification of r- 87

ACGAGGAGGTATCACGGAGC isoQC starting with

GIu 43 and N-terminal

His-Tag

15 ATATAT GCGGCCGC CTAGAGACCCAG Amplification of r- 88

GTACTCAGC isoQC for insertion

into pPICZCCA vector

16 GATCTGCGGGTCCCGCTGAACGGAAG Mutation of H e 56 89

CCTTTCAGAAGCC into Asn

17 GGCTTCTGAAAGGCTTCCGTTCAGCG Mutation of H e 56 90

GGACCCGCAGATC into Asn



Table 16: Purification of rat-isoQC following expression in P .

pastoris. The purified fusion protein was used for

determination of QC activity and generation of a

polyclonal antibody .

G . Generation of isoQC-Specif ic Antibodies and Detection of

isoQCs by Western Blot Analysis

The purified recombinant proteins human-isoQC and rat-isoQC

protein, together with an adjuvant were used to immunize

rabbits. Following five injections, rabbits were sacrificed and



the antibodies purified by lectin affinity chromatography. Two

rabbits were immunized using human isoQC (h-isoQC) , two further

animals received rat isoQC (r-isoQC) injections.

For the detection of native isoQCs, specific polyclonal

antibodies against human-isoQC (pAb 3284) and rat-isoQC (pAb

3286, both developed and produced by Probiodrug AG, were

obtained. To characterize the specificity of the antibodies,

HEK293 cells were transfected with human-isoQC, human QC, rat-

isoQC and rat QC. Cells (2*10 6) and media were analyzed for QC

and isoQC expression. Furthermore, untransf ected cells (3*10 6)

from different mammalian species (HEK293 cells, SH-SY5Y cells,

U343 cells, RAW264.7 cells, N2a cells and PC12 cells) were

analyzed for basal isoQC expression. For immunoblotting, the

cells were disrupted using 200 µl RIPA buffer (Pierce) and

sonicated for 10 s . Protein was loaded onto a Tris-Glycine, 4-

20% gradient, SDS-PAGE gel (Serva) and separated. Proteins were

transferred onto a nitrocellulose membrane (Roth) using semi-dry

conditions. Subsequently, the membrane was blocked for 2 h using

5% (w/v) dry milk in TBS-T [20 mM Tris/HCl (pH 7.5), 500 mM

NaCl, 0,05% (v/v) Tween 20]. For the detection of isoQCs the

antibodies were diluted 1:1000 in 5% dry milk in TBS-T and

incubated over night at 40C . Blots were developed by applying

horseradish peroxidase-conjugated secondary antibodies (anti-

rabbit, Cell Signaling) and the SuperSignal West Pico System

(Pierce) according to the manufacturer's guidelines.

H . Results

(1) Expression and purification of mouse-isoQC

Mouse-isoQC was successfully expressed in the methylotrophic

yeast P . pastoris . The protein starting with glutamate 43

including a glycosylation site at position 56 was expressed in

large scale by fermentation in a 51 bioreactor. The purification

was carried out as described in Table 14. The purification

procedure resulted in isolation of homogeneous recombinant

protein (Figure 16) .



(2) Expression and purification of rat-isoQC

Rat-isoQC was expressed in the methylotrophic yeast P . pastoris

successfully. The protein starting with glutamate 43 including a

glycosylation site at position 56 (according to h-isoQC

expression in P . pastoris) could be expressed in large scale by

fermentation. The purification was carried out as described in

Table 16. The purification procedure resulted in isolation of

homogeneous recombinant protein (Figure 17) .

(3) Characterization of mouse-isoQC and rat-isoQC

Several different peptide substrates were analyzed (Table 17).

All substrates were converted by mouse-isoQC and rat-isoQC,

suggesting a broad substrate specificity similar to human isoQC.

Highest specificity constants (k cat/KM) were observed for

substrates carrying large hydrophobic amino acids adjacent to

the N-terminal glutaminyl residue, e.g. Gln-Phe-Ala (QFA) . In

contrast, negatively charged residues in that position led to a

drastic drop in specificity, as observed for Gln-Glu (QE) ,

indicating a negatively charged active site of mouse-isoQC.

Compared to human isoQC, mouse-isoQC exerted a two to three

times higher enzymatic activity (Figure 18). The broad

specificity supports conversion of many different physiological

substrates by all isoQCs described in this invention.

Table 17: Kinetic parameters of conversion of peptide substrates

by murine and rat isoQC

Sub KM (mM) kcat ( S 1 ) m- kcat/KM kcat/KM

strate m-isoQC isoQC (mM s 1) [mM s 1)

m-isoQC r-isoQC

Q- βNA 0 . 032 ± 0 . 003 17 . 48 ± 0 . 97 554 . 36 ± 47 . 02 475 . 11+ 23 . 25

Q-AMC 0 . 022 ± 0 . 001 6 . 98 ± 0 . 35 311. 31 ± 27 . 16 224 . 71 ± 3 6 . 12

QQ 0 . 092 ± 0, 005 8 . 66 ± 0 . 37 95 . 08 ± 6 . 06 67 . 49 ± 4 . 65

QE 0 . 47 ± 0 . 04 7 . 7 9 ± 0 . 44 16. 88 ± 2 . 32 9 . 74 ± 0 . 16

QG 0 . 16 ± 0 . 01 4 . 57 ± 0 . 12 28. 58 ± 1 . 77 18 . 78 ± 0 . 68

QGP 0 . 102 ± 0 . 006 11. 4 ± 0 . 4 111. 44 ± 6 81 84 . 39 ± 3 . 38

QYA 0 . 058 ± 0 . 004 22 . 88 ± 0 . 86 394 . 23 ± 2 1 . 3 6 2 98. 1 ± 2 0 . 6



QFA 0 .060 ± 0.006 24 1 ± 0 .5 403. 47 ± 48 .83 325 .4 ± 58 1

QEYF 0.029 ±0. 003 11. 78 ± 0 .61 413. 05 ± 46 .04 477. 59 ± 24 15

QEDL 0 .132 ± 0.011 13 .7 ± 0 .8 104 .33 ± 4 .59 79. 31 ± 3 .79

(4) Western Blot analysis

In order to investigate the specificity of the polyclonal isoQC

antibodies, (as generated in G . above) HEK293 cells were

transfected with human isoQC, rat-isoQC, human QC and rat QC and

the expression was analyzed using western blot (Figure 19) . By

application of human isoQC antibody pAb 8695 a band at 37 kDa in

the cells transfected with human isoQC, human QC, rat-isoQC and

ratQC was detected. The most intense signal was visible in the

HEK293 cells which where transfected with human isoQC (Figure

16a) . The isoQCs are enzymes, which are located in the Golgi

complex. Accordingly, the signal from the human isoQC

transfected cells was expected. The difference in the signal

intensity points to a detection of basally expressed human

isoQC. After washing the western blot membrane using Restore™

Western Blot Stripping Buffer (Thermo Scientific) and incubation

with human QC antibody pAb 8695 a signal in the media of hQC

transfected cells appeared (Figure 19b). Thus, the generated

polyclonal h-isoQC antibody displays no cross-reactivity between

isoQC and QC.

In order to analyze, whether the basal expression of human isoQC

and rat-isoQC can be detected applying the novel antibodies pAb

3284 and pAb 3286, several different, untransf ected cell lines

were analyzed (Figure 20) . Applying the antibody pAb 3284 (which

has been isolated from h-isoQC immunized rabbits) and cell

extracts from the human cell lines HEK293, SH-SY5Y and U343, a

signal of h-isoQC at 37 kDa was detected. A signal was not

detected in the mouse cell lines RAW and N2a as well as in the

rat cell line PC12. The Western-blot with rat-isoQC antibody

(pAb 3286) visualizes a protein of 37 kDa in the mouse and rat

but not in the human cell lines. Therefore, this antibody is

able to detect the rat and the mouse isoQC. Accordingly, both

antibodies are specific either for human isoQC or rodent (rat



and mouse) isoQC. Thus, a detection of basally expressed isoQC

is feasible using the polyclonal antibodies as described in G .

above in western blot analysis. Moreover, the antibodies can be

applied for deciphering, which of the two potential start

methionines (Figure 15) is used in different organisms as human

and rat. Because of a difference in the molecular mass between

the proteins starting at Met I and Met II, the WesternBlot

analysis as described in this invention can be used to

discriminate between the proteins.

The presented data prove an expression of isoQC in all cell

lines of investigation. An immunodetection applying the

antibodies described in this invention for isoQC might for the

first time be useful for the development of novel analytic

procedures for the characterization and detection of certain

kinds of inflammation and in particular, neuroinf lammation .

Example 14: Human isoQC-catalyzed pGlu- formation at the N-

terminus of MCP-I (CCL2) , MCP- 2 (CCL8) , MCP- 3

(CCL7) and MCP-4 (CCL13)

A . Matrix-assisted laser desorption/ionization time-of-f light

mass spectrometry

Matrix-assisted laser desorption/ionization mass spectrometry

was carried out using the Voyager De-Pro (Applied Biosystems,

Darmstadt) with a linear time of flight analyzer. The instrument

was equipped with a 337 nm nitrogen laser, a potential

acceleration source and a 1.4 m flight tube. Detector operation

was in the positive-ion mode. Samples (5 µl ) were mixed with

equal volumes of the matrix solution. As matrix solution

sinapinic acid was used, prepared by dissolving 20 mg sinapinic

acid (Sigma-Aldrich) in 1 ml acetonitrile/0 .1% TFA in water

(1/1, v/v) . A small volume ( 1 µl ) of the matrix-analyte

mixture was transferred to a probe tip.

B . N-terminal degradation by recombinant human DP4

In separate experiments, each one of the full length recombinant

chemokines CCL2 1(Q) -76 (MCP-I), CCL7 1(Q) -76 (MCP-3) , CCL8I (Q)- 76 (MCP-



2 ) and CCL13i (Q )-75 (MCP-4), starting with an N-terminal glutamine

(Peprotech) was dissolved separately in 25 mM Tris/HCl pH 7.6 at

a concentration of 20µg/ml for CCL2 and 10 µg/ml for CCL7,8 and

13. The respective CCL was either pre-incubated with recombinant

human isoQC for 2 h at 37 °C and subsequently incubated with

recombinant human DP4 (Probiodrug) at 37°C or incubated with DP4

without prior isoQC application. Resulting DP4 cleavage products

were analyzed at indicated time points for up to 4 h . Cleavage

products were analyzed using Maldi-TOF mass spectrometry.

C . Results

The application of human DP4 to human MCPs leads to an N-

terminal degradation of the first 2 amino acids, since the N-

terminal sequence of human recombinant MCPs (Gin-Pro) resembles

a DP4 cleavage site (Figure 21a, 22a, 23a, 24a) . In contrast,

the pre-incubation of MCP-I, MCP-2, MCP-3 and MCP-4 with

recombinant human isoQC leads to the formation of an N-terminal

pGlu-residue, which protects the human MCPs against further

truncation by human DP4 (Figure 21b, 22b, 23b, 24b) . Therefore,

all human MCPs, MCP-I (CCL2), MCP-2 (CCL8), MCP-3 (CCL7) and

MCP-4 (CCL13) are substrates of human isoQC in vitro.

Example 15: Thioglycollate-induced peritonitis in C57/B16J wild

type mice

A . Experimental procedures

C57/B16J mice were purchased from Charles River Laboratories

(Kisslegg, Germany) . For each experiment, the mice were age- and

sex-matched. An intraperitoneal injection of 25 ml/kg body

weight of sterile 8 % (w/v) thioglycollate (Sigma-Aldrich) was

used to induce peritonitis. 30 min before the thioglycollate-

stimulus, animals were injected with different doses of isoQC-

inhibitor isoQC-I. For lavage of the peritoneum, the animals

were anesthetized using 2 % isofluran. The peritoneal exudates

were collected by washing the peritoneum with 8 ml of sterile PBS

4 h after thioglycollate injection. Cells of 1 ml lavage fluid

were collected by centrifugation (300 g , 10 min) and stained

according to the manufacturer' s instructions for BD Trucount



tubes (BD Trucount tubes; catalog no. 340334; BD Biosciences,

Heidelberg, Germany) . Cells were blocked with CD16/32 (Caltag)

at 4°C for 15 min. and stained with 7/4-FITC (Serotec,

Dusseldorf, Germany) /Ly6G-PE (Miltenyi, Bergisch Gladbach,

Germany) as well as IgGl-PE (BD) /IgG2a-FITC (Miltenyi) as

isotype controls at room temperature for 15 min. After staining,

erythrocytes were lysed with BD FACSLyse (BD) in the dark at

room temperature for 15 min. After washing with PBS, flow

cytometric analysis was performed on a BD FACSCalibur (BD) based

on 5000 beads per sample as reference standard.

B . Results

After injection of thioglycollate into the peritoneum of

C57/B16J mice an infiltration of monocytes to this compartment

was detected using FACS analysis. The application of the

QC/isoQC-specif ic inhibitor isoQC-I in this model provokes a

dose-dependent reduction of the infiltrating monocytes. A

reduction could already be observed using 6 mg/kg isoQC-I. 18

mg/kg reduced the infiltration of monocytes down to baseline

values, detected when saline alone was injected (Figure 25a) . In

analogy, the determination of pGlu-MCP-1 in respective lavage-

fluids shows a reduction of pGlu-content, suggesting a treatment

effect due to action of the inhibitor at the target enzyme

(Figure 25b) .

Example 16: Thioglycollate-induced peritonitis in isoQC (QPCTL)

knock out mice

QPCTL knock-out mice were generated on the basis of a genomic

mutagenesis approach.

The application of thioglycollate in QPCTL knock out animals

does not stimulate monocyte infiltration to the peritoneum.

However, in QPCTL wild type littermates an infiltration of

monocytes was detected (Figure 26a), since the activity of isoQC

is present there, resulting in proper maturation of MCPs.

Granulocyte infiltration was not affected by the isoQC (QPCTL)

knock out (Figure 26b) . The impaired infiltration of monocytes



correlated with a reduced concentration of pGlu-MCP-1 in QPCTL

knock out mice, whereas the total MCP-I level remained normal

(Figure 27) . Therefore, mouse-isoQC knock out has an impact of

pGlu-MCP-1 formation and the reduction of pGlu-MCP-1 has an

impact on monocyte recruitment to the peritoneum in this animal

model. In addition, the genetic proof of principle substantiates

the specificity of isoQC-inhibitor application in the

thioglycollate-induced peritonitis. By that experiment is

proven, that an inhibition of isoQC results in deactivation of

pGlu-MCPs and is therefore a novel treatment strategy for

inflammatory diseases.

Example 17: LPS -stimulation of PBMCs isolated from isoQC (QPCTL)

knock out mice

A . Isolation of plasma and PBMCs

For isolation of peripheral blood mononuclear cells (PBMCs),

QPCTL knock out animals and wild type littermates were

anesthetized using 2 % isofluran and herparinized blood was

collected by cardiac puncture. Afterwards, blood was pooled from

animals having the same genetic background (isoQC homozygous

knock out and wild type animals, respectively) and plasma was

collected obtained by centrifugation of the heparinized blood

for 10 min at 1000 x g . The plasma was divided in aliquots and

stored at - 80 0C . The sedimented blood cells were resuspended

in cell culture medium (RPMI1640, 10 % FBS, 100 µg/ml
Gentamicin) .

For isolation of PBMCs, a density gradient was used: 15 ml of

LSM 1077 (Lymphocyte Separation Medium, PAA) were filled in a 50

ml Leucosep tube (Greiner) . The medium was centrifuged for 1 min

at 1000 x g . Thereafter, the blood cells were filled into the

Leucosep tube (Greiner). The solution was centrifuged for 10 min

at 1000 x g without activated deceleration to avoid swirling.

The liquid covering 1 cm of the upper phase was discarded to

avoid a thrombocyte contamination of the sample. Afterward, the

medium was completely removed, whereby a circular ring within

the Leucosep tube prevented contamination of the PBMC fraction



with pelleted erythrocytes. PBMCs were washed 2 times using 10

ml sterile PBS followed by centrifugation . Finally, the cells

were resuspended in culture medium (RPMI 1640, 10 % FBS, 50

µg/ml Gentamicin) , plated in a 25 cm2 tissue culture flask and

grown over night at 37 0C and 5 % CO2. The next day, PBMCs

adhered to the plastic. Therefore, the supernatant containing

lymphocytes was removed, cells were washed once with PBS and

subsequently dislodged using Accutase (PAA) . After

centrifugation, cells were counted using a Neubauer counting

chamber and transferred to a 96-well plate in culture medium

(RPMI 1640, 10 % FBS, 50 µg/ml Gentamicin) . The final cell

density was about l*10 5 cells per well. Cells were stimulated

using 10 µg/ml LPS from E . coli strain O55:B5 (Sigma) for 24 h .

Afterwards, medium was collected and analyzed using total -MCP-I

and pGlu-MCP-1 specific ELISA.

B . Results

Stimulation of PBMCs isolated from QPCTL knock out mice and wild

type littermates leads to an increased total MCP-I concentration

in the culture supernatant. Unstimulated PBMCs secrete only low

amounts of total MCP-I (Figure 28a) . The total-MCP-1 level

detected in the medium of cells from wild type animals is higher

compared to the respective cells from knock out animals. MCP-I

secreted from wild-type-PBMCs possesses a pGlu-modif ied N-

terminus, indicated by the equal amount of total- and pGlu-MCP-1

(Figure 28a, 28b) . In contrast, the cells from QPCTL knock out

mice generate only scarce amounts of the N-terminally pGlu-

modified MCP-I as indicated by a low amount of pGlu-MCP-1,

detected by ELISA (Figure 28a) and a low ratio of pGlu-MCP-1 vs.

total MCP-I of approximately 10 % compared to >90 % in wild type

littermates (Figure 28b) .

Example 18: Determination of the zinc content of murine isoQC

A . TXRF measurements

After purification of mouse isoQC, the enzyme was desalted by

size-exclusion chromatography using a Sephadex G-25 fast



desalting column (1.0x10 cm), which was pre-equilibrated in 10

mM Tris-HCl, pH 7.6. The protein was concentrated to 3 mg/ml .

Elemental analysis was performed using total reflection X-ray

fluorescence (TXRF) . The elution buffer was used as a background

control. Five microliters of undiluted sample solution or

control buffer were applied onto the TXRF quartz glass sample

support and dried under IR radiation. Afterwards, 5 µl of

diluted Se aqueous standard solution (internal standard,

Aldrich; Taufkirchen, Germany) were added to each sample and

dried again. The X-ray fluorescence signal was collected for 100

s . For all determinations, an Extra II TXRF module containing

molybdenum and tungsten primary X-ray sources (Seifert,

Ahrensburg, Germany) connected to a Link QX 2000

detector/analysis device (Oxford Instruments, High Wycombe, UK)

was used. The X-ray sources were operated at 50 kV and 38 mA.

B . Inactivation/Reactivation

Mouse isoQC and mouse QC were inactivated by dialysis against

1.0 1 of buffer containing 5 mM 1 ,10-phenantroline, 5 mM EDTA,

500 mM NaCl in 50 mM BisTris pH 6.8 over night at 4°C. The

chelating agents were separated from the apoenzymes by dialysis

against 1 1 of 50 mM BisTris, pH 6.8, 500 mM NaCl, containing 50

g/1 Chelex-100 (Bio-RAD, Munich), or 10 mM NaH 2PO4, pH 6.8

containing 50 g/1 Chelex-100 at 4°C. The buffer was changed 2

times, after 2 and 4 h of dialysis. The final dialysis was

performed for 5 h . All buffers were prepared in metal-free

polystyrene containers. Subsequently, the apoenzyme was

centrifuged at 20.000 x g for 1 h at 4°C, and the protein

concentration was determined by UV absorbance.

The reactivation experiments were carried out by incubation of

20 µl of a transition metal solution with 20 µl of apoenzyme in

Bis-Tris buffer at room temperature for 15 min. Finally,

enzymatic activity was assessed as described above, except the

reaction buffer contained 2 mM EDTA in order to avoid rapid

reactivation of the enzymes by adventitious zinc ions present in

the buffers .



C . CD-spectroscopic analysis

For the spectroscopic analysis the proteins were prepared in 10

mM NaH 2PO4. CD-spectra of mouse QC and mouse isoQC were acquired

with a Jasco J- 715 spectrapolarimeter using quartz cuvettes of

1 mm pathlength. The mean of 10 scans between 190 and 260nm was

calculated and the spectra were corrected by subtraction of the

buffer spectra. The percentage of secondary structure elements

was calculated using the Jasco secondary structure estimation

program based on the method of Yang. The apoenzymes and

reactivation of the enzymes was confirmed by QC activity

measurements after spectra analysis.

D . Results

For the mouse QC, a metal content of 1 mol zinc/mol of enzyme

was determined, previously. The zinc binding motif of QC is also

conserved in the sequence of the isoQCs. Therefore, the metal

content of mouse isoQC was analyzed, using TXRF. The

measurements of three independent enzyme samples determined a

zinc content of 0.99 ± 0.38 mol of zinc/mol of enzyme. Thus, the

isoQC proteins represent single zinc metalloenzymes as shown

here for the first time.

For human isoQC it was shown that the protein can be inactivated

by heterocyclic chelators like 1 ,10-phenantroline, dipicolinic

acid and EDTA. Dialysis against buffer containing 5 mM 1,10-

phenantrolin and 5 mM EDTA resulted in inactivation of mouse-

isoQC. After removal of the chelator, addition of ZnSO 4 resulted

in complete reactivation of mouse-isoQC. To verify the results,

different amounts of zinc were titrated to the apoenzymes (mouse

isoQC, mouse QC and Drosophila melanogaster (Drome) QC) (figure

29) . All tested enzymes are 100% reactivated by adding 1 mol of

zinc/mol of enzyme as well as with 2 mol of zinc/mol of enzyme.

With the ratio of 0.5 zinc/mol of enzyme an activity of at least

60% was reached.

Furthermore, a reactivation of mouse-isoQC by other metal ions

was examined. By addition of 1 mol of cobalt/mol of enzyme, a

reactivation was achieved. However, the final activity was only



50% compared to the reactivation with zinc ions. No reactivation

was achieved using calcium or manganese ions.

To investigate the influence of zinc binding on the protein

structure, the secondary structure of the apoenzyme and of the

reactivated mouse-isoQC was evaluated via CD spectra from 190 -

260 nm. In both cases the calculation of the secondary structure

revealed an α helical portion of 50%. Thus, zinc binding has no

influence on the overall secondary structure. This supports that

the metal ions primarily play a catalytic role.

Abbreviations

C degree Celsius

A alanine, ala

Aβ amyloid- β peptide

ABri amyloid peptide in familial British dementia

AC adenylyl cyclase

ADan amyloid peptide in familial Danish dementia

AMC amino methyl coumarine

as antisense

Asp aspartate

Asn asparagine

βNA beta-naphtyl amine

BA butyric acid

bp base pair

BSA bovine serum albumin

BMMY buffered Methanol complex medium

BMGY buffered glycerol comlex medium

C cysteine, Cys

CAT chloramphenicol acetyl transferase

CAMP cyclic adenosine monophsphate

CCL2 MCP-I, monocyte chemoattractant protein 1

CCL7 MCP-3, monocyte chemoattractant protein 3

CCL8 MCP-2, monocyte chemoattractant protein 2

CCL13 MCP-4, monocyte chemoattractant protein 4

cDNA copy-DNA



C-His C-terminal histidine tag

CIDP Chronic inflammatory demyelinizing

polyradiculoneuropathy

Cl chlorine

CSF cerebro-spinal fluid (liquor

cerebr ospinalis)

C-terminus carboxy- terminus

CTL cytotoxic T-lymphocyte

CV column volume

Cys cysteine, cys

d diameter

D aspartic acid, Asp

Da Dalton

DMSO dimethyl sulphoxide

DNA desoxyribonucleic acid

E Glutamic acid, GIu

EBV Epstein Barr virus

ECL enterochromaf fin- like

E . coli Escherichia coli

EC glutamyl cyclase

ED effective dose

EGFP enhanced green fluorescent protein

ES enzyme-substrate complex

F Phenylalanine, Phe

FPP fertilization promoting peptide

FTC follicular thyroid carcinoma

g relative centrifugal force

G Glycine, GIy

GBS Guillain-Barre syndrome

GF gel filtration

GIn glutamine

GIu glutamic acid

GnRH gonadotropin-releasing hormone

(gonadoliber in)

GST glutathion S-transf erase

H hydrogen

h human or hour

HGF hepatocyte growth factor



HIC hydrophobic interaction chromatography

HIC-EBA hydrophobic interaction chromatography,

expanded bed absorption

His histidine

HPLC high performance liquid chromatography

I inhibitor or isoleucine

ID identification

IEX ion exchange chromatography

H e Isoleucine

IMAC immobilized metal affinity chromatography

ip intraperitoneal

IPTG Isopropyl- β-D-thiogalactopyranosid
K potassium

k constant

kDA kilo-dalton

Ki inhibition constant (for inhibitor binding)

KLH Keyhole limpet hemocyanin

k.o. knock-out

1 length

L Leucine, Leu

LB Luria-Bertani

LD lethal dose

LPS lipopolysaccharide

m mouse

M molar

µl micro-liter

µM micro-molar

Maldi-tof matrix assisted laser desorption/ionization

time-of -flight

max maximum

MES 2- (W-morpholino) ethanesulf onic acid

Met methionine

min minutes

mM milli-molar

MS Multiple Sclerosis

mRNA messenger -RNA

N asparagine

Na sodium



NADH nicotinamide adenine dinucleotide

n m nanometer

NO number

NT Neurotensin

N-terminus amino terminus

O oxygen

OD optical density

P product or phosphor or proline, Pro

PBS phosphate-buffered saline

PCR polymerase chain reaction

pGlu pyroglutamic acid

pH pondus hydrogenii

Pro proline

PTC papillary thyroid carcinoma

Pyr pyroglutamate

Q Glutamine, GIn

QC glutaminyl cyclase (glutaminyl-peptide

cyclotransferase)

QQ Dipeptide Gln-Gln

QE Dipeptide Gln-Glu

QG Dipeptide Gln-Gly

QGP Tripeptide Gln-Gly-Pro

QYA Tripeptide Gln-Tyr-Ala

QFA Tripeptide Gln-Phe-Ala

QEYF Tetrapeptide Gln-Glu-Tyr-Phe

QEDL Tetrapeptide Gln-Glu-Asp-Leu

qPCR quantitative real-time polymerase chain

reaction

QPCTL glutaminyl-peptide cyclotransferase - like

RNA ribonucleic acid

RT reverse transcription; reverse transcriptase

S substrate

s sense

SAGE serial analysis of gene expression

SDS sodium dodecyl sulfate

SDS-PAGE SDS-polyacrylamid gel electrophoresis

SGAP Streptomyces griseus amino peptidase

SEC size exclusion chromatography



SEQ sequence

Ser Serine

SNP single nucleotide polymorphism

taa tumor-associated antigen

TGF- β transforming growth factor beta

TNF-CC tumor necrosis factor alpha

TRH thyreotropin-realeasing hormone

(thyreo liber in)

TRIS Tris (hydroxymethyl) -aminomethane,

TSH thyro idea- stimulating-hormone

U unit

UTC undifferentiated thyroid carcinoma

UV ultraviolet

V velocity

VpAP Vibrio proteolytica amino peptidase

Y Tyrosine, Tyr

YPD Yeast extract, Peptone, Dextrose-medium

YPDS Yeast extract, Peptone, Dextrose-medium

containing sorbitol

YSS yeast signal sequence

Zn zinc
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CLAIMS

1 . An isoQC inhibitor for the treatment and/or prevention of

an inflammatory disease or condition, selected from the

group consisting of

a . chronic and acute inflammations, e.g. rheumatoid

arthritis, atherosclerosis, restenosis,

pancreatitis, osteoporosis,

b . other inflammatory diseases, e.g. neuropathic

pain, graft rejection/graft failure/graft

vasculopathy, HIV infections/AIDS, gestosis,

tuberous sclerosis, Guillain-Barre syndrome,

chronic inflammatory demyelinising

polyradiculoneuropathy and multiple sclerosis,

c . neuroinf lammation, and

d . neurodegenerative diseases, e.g. mild cognitive

impairment (MCI), Alzheimer's disease,

neurodegeneration in Down Syndrome, Familial

British Dementia, and Familial Danish Dementia,

which may result from neuroinf lammation .

2 . Use of an isoQC inhibitor for the treatment and/or

prevention of an inflammatory disease or condition,

selected from the group consisting of

a . chronic and acute inflammations, e.g. rheumatoid

arthritis, atherosclerosis, restenosis,

pancreatitis, osteoporosis,

b . other inflammatory diseases, e.g. neuropathic

pain, graft rejection/graft failure/graft

vasculopathy, HIV infections/AIDS, gestosis,

tuberous sclerosis, Guillain-Barre syndrome,

chronic inflammatory demyelinising

polyradiculoneuropathy and multiple sclerosis,

c . neuroinf lammation, and

d . neurodegenerative diseases, e.g. mild cognitive

impairment (MCI), Alzheimer's disease,

neurodegeneration in Down Syndrome, Familial
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British Dementia, and Familial Danish Dementia,

which may result from neuroinf lammation .

3 . Use of an isoQC inhibitor for the preparation of a

medicament for treating and/or preventing an inflammatory

disease or condition, selected from the group consisting

of

a . chronic and acute inflammations, e.g. rheumatoid

arthritis, atherosclerosis, restenosis,

pancreatitis, osteoporosis,

b . other inflammatory diseases, e.g. neuropathic

pain, graft rejection/graft failure/graft

vasculopathy, HIV infections/AIDS, gestosis,

tuberous sclerosis, Guillain-Barre syndrome,

chronic inflammatory demyelinising

polyradiculoneuropathy and multiple sclerosis,

c . neuroinf lammation, and

d . neurodegenerative diseases, e.g. mild cognitive

impairment (MCI), Alzheimer's disease,

neurodegeneration in Down Syndrome, Familial

British Dementia, Familial Danish Dementia, which

may result from neuroinf lammation .

4. A method of treatment and/or prevention of an

inflammatory disease or condition, selected from the

group consisting of

a . chronic and acute inflammations, e.g. rheumatoid

arthritis, atherosclerosis, restenosis,

pancreatitis, osteoporosis,

b . other inflammatory diseases, e.g. neuropathic

pain, graft rejection/graft failure/graft

vasculopathy, HIV infections/AIDS, gestosis,

tuberous sclerosis, Guillain-Barre syndrome,

chronic inflammatory demyelinising

polyradiculoneuropathy and multiple sclerosis,

c . neuroinf lammation, and

d . neurodegenerative diseases, e.g. mild cognitive

impairment (MCI), Alzheimer's disease,
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neurodegeneration in Down Syndrome, Familial

British Dementia, and Familial Danish Dementia,

which may result from neuroinf lammation,

wherein a therapeutically effective amount of an isoQC

inhibitor is administered to a subject in need thereof.

5 . The isoQC inhibitor, use or method according to any of

claims 1 to 4 , wherein the inflammatory disease is a

chronic and acute inflammation, selected from rheumatoid

arthritis, atherosclerosis, restenosis, pancreatitis and

osteoporosis .

6 . The isoQC inhibitor, use or method according to any of

claims 1 to 4 , wherein the inflammatory disease is

selected from neuropathic pain, graft rejection/graft

failure/graft vasculopathy, HIV infections/AIDS,

gestosis, tuberous sclerosis, Guillain-Barre syndrome,

chronic inflammatory demyelinising polyradiculoneuropathy

and multiple sclerosis.

7 . The isoQC inhibitor, use or method according to any of

claims 1 to 4 , wherein the inflammatory disease is

neuroinf lammation .

8 . The isoQC inhibitor, use or method according to any of

claims 1 to 4 , wherein the inflammatory disease is a

neurodegenerative disease, which may result from

neuroinf lammation .

9 . The isoQC inhibitor, use or method according to claim 8 ,

wherein the neurodegenerative disease is selected from

mild cognitive impairment (MCI), Alzheimer's disease,

neurodegeneration in Down Syndrome, Familial British

Dementia and Familial Danish Dementia.

10. The isoQC inhibitor, use or method according to any of

claims 1 to 9 , wherein the isoQC inhibitor is administered

in combination with a further agent, selected from the
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group consisting of anti-inflammatory agents, nootropic

agents, neuroptrotectants, antiparkinsonian drugs, amyloid

protein deposition inhibitors, beta amyloid synthesis

inhibitors, antidepressants, anxiolytic drugs,

antipsychotic drugs and anti-multiple sclerosis drugs,

inhibitors of the angiotensin converting enzyme (ACE) ,

angiotensin II receptor blockers, diuretics; calcium

channel blockers (CCB) , beta-blockers, platelet

aggregation inhibitors, cholesterol absorption modulators,

HMG-Co-A reductase inhibitors, high density lipoprotein

(HDL) increasing compounds, renin inhibitors, IL- 6

inhibitors, antiinflammatory corticosteroids,

antiproliferative agents, nitric oxide donors, inhibitors

of extracellular matrix synthesis, growth factor or

cytokine signal transduction inhibitors, MCP-I antagonists

and tyrosine kinase inhibitors.

11. The isoQC inhibitor, use or method of any of claims 1 to

10, wherein the disease and/or condition afflicts a human

being.

12. A pharmaceutical composition comprising an isoQC

inhibitor according any of claims 1 to 9 or a combination

according to claim 10.

13. The isoQC inhibitor, use, method or pharmaceutical

composition according to any one of claims 1 to 12,

wherein said isoQC inhibitor is a compound of formula (I)
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or a pharmaceutically acceptable salt, solvate or polymorph

thereof, including all tautomers and stereoisomers thereof

wherein :

R1 represents -Cs-scarbocyclyl-heteroaryl, -C2-

alkenylheteroaryl, -Ci- alkylheteroaryl, or

(CH2)aCR
5R 6 (CH2)bheteroaryl wherein a and b independently

represent integers 0-5 provided that a + b = 0-5 and R5 and R 6

are alkylene which, together with the carbon to which they are

attached, form a C3-C5 cycloalkyl group, or a bicyclic

heteroaryl group;

in which any of aforesaid heteroaryl groups may optionally

be substituted by one or more groups selected from Ci-

6alkyl, C2_6alkenyl, C2_6alkynyl, Ci- haloalkyl, -Ci-

ethioalkyl, -SOCi_4alkyl, -SO 2Ci_4alkyl, Ci_ 6alkoxy-, -0-C 3-

gcycloalkyl, C3-8cycloalkyl, -S0 2C3-scycloalkyl, -SOC3-

Cycloalkyl, C3_6alkenyloxy-, C3_6alkynyloxy-, -C (O) Ci- alkyl,

-C (O) OCi- alkyl, Ci- 6alkoxy-Ci_ 6alkyl-, nitro, halogen, cyano,

hydroxyl, -C(O)OH, -NH 2, -NHCi_4alkyl, -N (Ci_4alkyl) (Ci-

4alkyl), -C (0) N (Ci_4alkyl) (Ci_4alkyl) , -C(O)NH 2, -C(O)NH(Ci-

4alkyl) and -C (0) NH (C 3-i0cycloalkyl) ;

and in which any of aforesaid carbocyclyl groups may

optionally be substituted by one or more groups selected

from Ci_4alkyl, oxo, halogen and Ci-4alkoxy;

R2 represents Ci-salkyl, aryl, heteroaryl, carbocyclyl,

heterocyclyl, -Ci_4alkylaryl, -Ci_4alkylheteroaryl, -Ci-

4alkylcarbocyclyl or -Ci_4alkylheterocyclyl;
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in which any of aforesaid aryl and heteroaryl groups may

optionally be substituted by one or more groups selected

from Ci- alkyl, C2_6alkenyl, C2-6alkynyl, Ci- haloalkyl, -Ci-

ethioalkyl, -SOCi-4alkyl, -SO 2Ci-4alkyl, Ci_ 6alkoxy-, -0-C 3-

gcycloalkyl, C3-8cycloalkyl, -Sθ2C 3-8cycloalkyl, -SOC 3-

Cycloalkyl, C3_6alkenyloxy-, C3_6alkynyloxy-, -C (0) Ci- alkyl,

-C (0) OCi- alkyl, Ci- alkoxy-Ci- alkyl-, nitro, halogen, cyano,

hydroxyl, -C(O)OH, -NH 2, -NHCi_4alkyl, -N (Ci_4alkyl) (Ci-

4alkyl), -C (0) N (Ci_4alkyl) (Ci_4alkyl) , -C(O)NH 2, -C(O)NH(Ci-

4alkyl) and -C (0) NH (C 3-i0cycloalkyl) ;

and in which any of aforesaid carbocyclyl and heterocyclyl

groups may optionally be substituted by one or more groups

selected from Ci_4alkyl, oxo, halogen and Ci_4alkoxy;

or R2 represents phenyl substituted by phenyl, phenyl

substituted by a monocyclic heteroaryl group, phenyl

substituted by benzyloxy, phenyl fused to carbocyclyl,

phenyl fused to heterocyclyl, -Ci-4alkyl (phenyl substituted

by phenyl) , -Ci-4alkyl (phenyl substituted by a monocyclic

heteroaryl group) , -Ci-4alkyl (phenyl substituted by

benzyloxy) , -Ci-4alkyl (optionally substituted phenyl fused

to optionally substituted carbocyclyl or -Ci-

4alkyl (optionally substituted phenyl fused to optionally

substituted heterocyclyl) ;

in which any of aforesaid phenyl, benzyloxy and heteroaryl

groups may optionally be substituted by one or more groups

selected from Ci_4alkyl, halogen and Ci_4alkoxy,

and in which any of aforesaid carbocyclyl and heterocyclyl

groups may optionally be substituted by one or more groups

selected from Ci_4alkyl, oxo, halogen and Ci_4alkoxy;

R3 represents H , -Ci-4alkyl or aryl;

in which aforesaid aryl may optionally be substituted by

one or more groups selected from Ci- alkyl, C2_6alkenyl, C2-

6alkynyl, Ci_ 6haloalkyl, -Ci_ 6thioalkyl, -SOCi_4alkyl, -SO 2Ci-

4alkyl, Ci- alkoxy-, -O-Cs-scycloalkyl, C3-scycloalkyl, -SO 2C3-

gcycloalkyl, -SOCs- cycloalkyl, C3_6alkenyloxy-, C3-

6alkynyloxy-, -C (0) Ci_ 6alkyl, -C (0) OCi_ 6alkyl, Ci_ 6alkoxy-Ci-

6alkyl-, nitro, halogen, cyano, hydroxyl, -C(O)OH, -NH 2, -

NHCi_4alkyl, -N (Ci_4alkyl) (Ci_4alkyl) , -C (0) N (Ci_4alkyl) (Ci-
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4alkyl), -C(O)NH 2, -C (O)NH (Ci_4alkyl) and, -C(O)NH(C 3-

iocycloalkyl) ;

or R 2 and R 3 are joined to form a carbocyclyl ring which is

optionally substituted b y one or more Ci-2alkyl groups;

or R 2 and R 3 are joined to form a carbocyclyl ring which is

fused to phenyl, wherein aforesaid carbocyclyl and/or

phenyl may optionally b e substituted b y one or more groups

selected from d -4alkyl, halogen and Ci_4alkoxy;

or R 2 and R 3 are joined to form a carbocyclyl ring which is

fused to monocyclic heteroaryl, wherein aforesaid

carbocyclyl and/or heteroaryl may optionally b e substituted

b y one or more groups selected from Ci-4alkyl, halogen and

Ci_4alkoxy;

R 4 represents H , -Ci_ 8alkyl, -C (0) Ci- 6alkyl or -NH 2 ;

X represents 0 or S ; and

Y represents 0 or S .

14. The isoQC inhibitor, use, method or pharmaceutical

ccoommppoossiittiioonn aaccccoorrddiinngg ttoo <claim 13, wherein R 1 represents a

bicyclic heteroaryl group.

15. The isoQC inhibitor, use, method or pharmaceutical

composition according to claim 14, wherein R 1 represents a

benzene or pyridine ring fused to a 5-membered ring

containing one or two nitrogen atoms.

16. The isoQC inhibitor, use, method or pharmaceutical

composition according to claim 15, wherein the point o f

attachment is through the benzene or pyridine ring.

17. The isoQC inhibitor, use, method or pharmaceutical

composition according to claim 16, wherein R 1 is:
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imidazo [1 ,2-a] pyridine or benzoic] [1 ,25] thiadiazolyl .

18. The isoQC inhibitor, use, method or pharmaceutical

composition according to claim 17, wherein R 1 represents

19. The isoQC inhibitor, use, method or pharmaceutical

ccoommppoossiittiioonn aaccccoorrddiing to claim 18, wherein R 1 represents

Ci- 6alkylheteroaryl .

20. The isoQC inhibitor, use, method or pharmaceutical

composition according to claim 19, wherein the heteroaryl

group o f R 1 is a 5-membered ring containing 1 to 3

nitrogen atoms optionally substituted b y one or more

substituents selected from Ci_4 alkyl, Ci_4 alkoxy- and

halogen .

21. The isoQC inhibitor, use, method or pharmaceutical

composition according to claim 20, wherein the heteroaryl

group is:

22. The isoQC inhibitor, use, method or pharmaceutical

composition according to claim 13, wherein R 1 represents:
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wherein A represents an unbranched or branched Ci- alkylene

chain or A represents a branched Ci- alkylene chain or A

represents (CH2)aCR R 6(CH2)b and

Rii, R,12 and R independently represent H or Ci_2alkyl.

23. The isoQC inhibitor, use, method or pharmaceutical

composition according to claim 14 or 19, wherein R1

represents

wherein B represents a bond, -CH2- , -CH2-CH2- , -CH(Me)-,

-CH(Me)-CH 2- or -CH2-CH(Me)- and

R14 and R15 independently represent H or C 2alkyl .

24. The isoQC inhibitor, use, method or pharmaceutical

composition according to any one of claims 13 to 23

represented by the formula:

, or
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wherein R2, R3, R4, X and Y are as defined in claim 13.

25. The isoQC inhibitor, use, method or pharmaceutical

composition according to any one of claims 13 to 24,

wherein R2 represents aryl, heteroaryl, phenyl substituted

by phenyl, phenyl fused to heterocyclyl or R2 and R3 are

joined to form a carbocyclyl ring which is fused to

phenyl; the aforesaid aryl, heteroaryl, phenyl,

heterocyclyl and carbocyclyl optionally being

substituted.
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26. The isoQC inhibitor, use, method or pharmaceutical

composition according to claim 25, wherein R 2 represents

phenyl substituted b y phenyl, the aforesaid phenyl groups

optionally being substituted b y one or more substitutents

which may b e the same or different and are chosen from

halo, OH, Ci_3alkyl, C1-3 haloalkyl, C1-3 alkoxy, C1-3

haloalkoxy .

27. The isoQC inhibitor, use, method or pharmaceutical

ccoommppoossiittiioonn aaccording to claim 26, wherein R 2 is

biphenyl-4-yl .

28. The isoQC inhibitor, use, method or pharmaceutical

composition according to claim 25, wherein R 2 represents

phenyl optionally substituted b y one, two or three

substituents, which may b e the same or different and are

chosen from halo, OH, Ci-3alkyl, C1-3 haloalkyl, C1-3

alkoxy, C1-3 haloalkoxy.

29. The isoQC inhibitor, use, method or pharmaceutical

ccoommppoossiittiioonn aaccccoorrddiinngg ttoo cclaim 28, wherein R 2 is phenyl

substituted b y n-propyloxy.

30. The isoQC inhibitor, use, method or pharmaceutical

composition according to any one o f claims 13 to 29,

wherein R 3 represents H .

31. The isoQC inhibitor, use, method or pharmaceutical

composition according to any one o f claims 13 to 25,

wherein wherein R 2 and R 3 are joined to form a carbocyclyl

ring which is fused to phenyl.

32. The isoQC inhibitor, use, method or pharmaceutical

composition according to any one o f claims 13 to 31,

wherein R 4 represents H .
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33. The isoQC inhibitor, use, method or pharmaceutical

composition according to any one of claims 13 to 32,

wherein X represents 0 .

34. The isoQC inhibitor, use, method or pharmaceutical

composition according to any one of claims 13 to 33,

wherein Y represents 0 .

35. The isoQC inhibitor, use, method or pharmaceutical

composition according to any one of claims 13 to 34,

wherein wherein the compound of formula (I) is

represented by



186

wherein R2 and R3 are as defined in claim 13.

36. The isoQC inhibitor, use, method or pharmaceutical

composition according to any one of claims 13 to 35,

wherein the compound of formula (I) is selected from

5- (benzo [c] [1,2,5] thiadiazol-6-yl) -1- (IH-

benzo [d] imidazol-5-yl) imidazolidine-2, 4-dione;

1- (lH-benzo [d] imidazol-5-yl) -5-phenylimidazolidine-2, 4 -

dione;

1- (lH-benzo [d] imidazol-5-yl) -5- (2-hydroxy-5-

methylphenyl) imidazolidine-2, 4-dione;

1- (lH-benzo [d] imidazol-5-yl) -5- (2-fluoro-5-

trif luoromethyl) phenyl) imidazolidine-2 ,4-dione;

1- (lH-benzo [d] imidazol-5-yl) -5- (2-bromo-5-

fluorophenyl) imidazolidine-2, 4-dione;

1- (lH-benzo [d] imidazol-5-yl) -5- (4-

propoxyphenyl) imidazolidine-2, 4-dione;

1- (lH-benzo [d] imidazol-5-yl) -5- (4-chloro-3-

trif luoromethyl) phenyl) imidazolidine-2 ,4-dione;

1- (lH-benzo [d] imidazol-5-yl) -5- (3-fluoro-

4 (trifluoromethyl) phenyl) imidazolidine-2 ,4-dione;
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1- (lH-benzo [d] imidazol-5-yl )-5- (3-hydroxy-4-
methoxyphenyl) imidazolidine-2, 4-dione;

1- (lH-benzo [d] imidazol-5-yl) -5- (2-hydroxy-3-

methoxyphenyl) imidazolidine-2, 4-dione;

1- (lH-benzimidazol-5-yl) -5- (1,1' -biphenyl-4-

yl) imidazolidine-2, 4-dione;

1- (lH-benzo [d] imidazol-5-yl) -5- (3-

chlorophenyl) imidazolidine-2, 4-dione;

1- (lH-benzo [d] imidazol-5-yl) -5- (4-

chlorophenyl) imidazolidine-2, 4-dione;

1- (lH-benzo [d] imidazol-5-yl) -5- (2-

chlorophenyl) imidazolidine-2, 4-dione;

1- (lH-benzo [d] imidazol-5-yl) -5- (4-

fluorophenyl) imidazolidine-2, 4-dione;

1- (lH-benzo [d] imidazol-5-yl) -5- (2,3-

dihydrobenzo [b] [l,4]dioxin-7-yl) imidazolidine-2, 4-dione;

1- (3- (lH-imidazol-1-yl) propyl) -5-phenylimidazolidine-

2 ,4-dione;

1- (3- (lH-imidazol-1-yl) propyl) -5- (2-bromo-4-

fluorophenyl) imidazolidine-2, 4-dione;

1- (3- (lH-imidazol-l-yl)propyl) -5- (4-

propoxyphenyl) imidazolidine-2, 4-dione;

1- (3- (lH-imidazol-l-yl)propyl) -5- (3-fluoro-4-

trifluoromethyl) phenyl) imidazolidine-2, 4-dione;

1- [3- (lH-imidazol-l-yl)propyl] -5- (4-

biphenyl) imidazolidine-2, 4-dione;

1- (3- (lH-imidazol-l-yl)propyl) -5- (3-

chlorophenyl) imidazolidine-2, 4-dione;

1- (3- (lH-imidazol-l-yl)propyl) -5- (2-

chlorophenyl) imidazolidine-2, 4-dione;

1- (3- (5-methyl-lH-imidazol-l-yl) propyl) -5-

phenylimidazolidine-2 ,4-dione;

5- (2-bromo-5-f luorophenyl) -1- (3- (5-methyl-lH-imidazol-l-

yl) propyl) imidazolidine-2 ,4-dione;

1- (3- (5-methyl-lH-imidazol-l-yl)propyl) -5- (4-

propoxyphenyl) imidazolidine-2, 4-dione;

1- [3- (5-methyl-lH-imidazol-l-yl)propyl] -5- (4-

phenylphenyl) imidazolidine-2, 4-dione;
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5- (3-chlorophenyl) -1- (3- (5-methyl-lH-imidazol-l-

yl) propyl) imidazolidine-2, 4-dione;

1- (3- (4-methyl-lH-imidazol-l-yl) propyl) -5-

phenylimidazolidine-2, 4-dione;

1- [3- (4-methyl-lH-imidazol-l-yl)propyl] -5- (4-

biphenyl) imidazolidine-2, 4-dione;

5- (3-chlorophenyl) -1- (3- (4-methyl-lH-imidazol-l-

yl) propyl) imidazolidine-2, 4-dione;

3- (lH-benzimidazol-5-yl) -1 ',3 '-dihydro-2H, 5H-

spiro [imidazolidine-4, 2 '-indene] -2, 5-dione;

5- (benzoic] [1 ,2 ,5 ]thiadiazol-6-yl) -1- (IH-

benzo [d] imidazol-5-yl) -2-thioxoimidazolidin-4-one;

1- (lH-benzo [d] imidazol-5-yl) -5-phenyl-2-

thioxoimidazolidin-4-one;

1- (lH-benz imidazol-5-yl) -5- (1, 1'-biphenyl-4-yl) -2-

thioxoimidazolidin-4-one;

1- (lH-benzo [d] imidazol-5-yl) -5- (3-hydroxy-4-

methoxyphenyl) -2-thioxoimidazolidin-4-one;

1- (lH-benzo [d] imidazol-5-yl) -5-phenyl-4-

thioxoimidazolidin-2-one;

1- (lH-benz imidazol-5-yl) -5- (1, 1'-biphenyl-4-yl) -4-

thioxoimidazolidin-2-one;

3- (lH-benzimidazol-5-yl) -5-thioxo-l ',3 '-dihydro-2H-

spiro [imidazolidine-4, 2 '-inden] -2-one;

1- (lH-benzo [d] imidazol-5-yl) -5- (4-chlorophenyl) -4-

thioxoimidazolidin-2-one;

1- (lH-benzo [d] imidazol-5-yl) -5- (2, 3 ,4-trif luorophenyl) -

4-thioxoimidazolidin-2-one;

1- (lH-benzo [d] imidazol-6-yl) -5- (4-bromo-2-f luorophenyl) -

4-thioxoimidazolidin-2-one;

1- (lH-benzo [d] imidazol-5-yl) -5- (2, 3-dif luoro-4-

methylphenyl) -4-thioxoimidazolidin-2-one;

1- (lH-benzo [d] imidazol-5-yl) -5- (4-chloro-3-

methylphenyl) -4-thioxoimidazolidin-2-one;

1- (lH-benzo [d] imidazol-5-yl) -3-methyl-5-

phenylimida4zolidine-2, 4-dione;

1- (H-imidazo [1,2-a] pyridin-7-yl) -5-phenyl imidazolidine-

2 ,4-dione;
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or a pharmaceutically acceptable salt, solvate or

polymorph thereof, including all tautomers and

stereoisomers thereof.

37. The isoQC inhibitor, use, method or pharmaceutical

composition according to any one of claims 1 to 36,

wherein the isoQC inhibitor is 1- (lH-benzo [d] imidazol-5-

yl) -5- (4-propoxyphenyl) imidazolidine-2, 4-dione, which has

the structure:

or a pharmaceutically acceptable salt, solvate or

polymorph thereof, including all tautomers and

stereoisomers thereof.

38. Diagnostic assay, comprising an isoQC inhibitor.

39. Diagnostic assay according to claim 38, wherein said

isoQC inhibitor is a compound including pharmaceutically

acceptable salts, solvates and stereoisomers thereof, as

defined in any of claims 13 to 37.

40. Diagnostic assay according to any of claims 38 or 39,

wherein said isoQC inhibitor is (1- (lH-benzo [d] imidazol-5-

yl) -5- (4-propoxyphenyl) imidazolidine-2, 4-dione .

41. A method of diagnosing any one of the diseases and/or

conditions as defined in any of claims 1 to 9 , comprising

the steps of

- collecting a sample from a subject who is suspected to

be afflicted with said disease and/or condition,
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contacting said sample with an isoQC inhibitor, and

determining whether or not said subject is afflicted by

said disease and/or condition.

42. The method according to claim 41, wherein said subject is

a human being.

43. The method according to claim 41 or 42, wherein said

isoQC inhibitor is a compound including pharmaceutically

acceptable salts, solvates and stereoisomers thereof, as

defined in any of claims 13 to 31.

44. The method according to any of claims 41 to 43, wherein

said isoQC inhibitor is (1- (lH-benzo [d] imidazol-5-yl) -5-

(4-propoxyphenyl) imidazolidine-2 ,4-dione .

45. The method according to any of claims 41 to 44, wherein

said sample is a blood sample, a serum sample, a sample of

cerebrospinal liquor or a urine sample.

46. Diagnostic kit for carrying out the method according to

any of claims 41 to 45 comprising as detection means the

diagnostic assay of any of claims 38 to 40 and a

determination means.

47. The isoQC inhibitor, use, method, kit or pharmaceutical

composition according to any one of the preceding claims,

wherein the isoQC inhibitor inhibits any one of the

polypeptides selected from the group of polypeptides that

comprise any of SEQ ID NO: 11, 12, 13, 14, 15, 16, 17, 18,

57, 58, 59 or 60 or that are encoded by a nucleic acid

comprising any of SEQ ID NO: 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 53,

54, 55 or 56.

48. The isoQC inhibitor, use, method, kit or pharmaceutical

composition according to any one of the preceding claims,

wherein the isoQC inhibitor inhibits any one of the

polypeptides selected from the group of polypeptides that
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comprise any of SEQ ID NO's: 11 or 12 or that are encoded

by a nucleic acid comprising any of SEQ ID NO's: 2 or 3.

49. The isoQC inhibitor, use, method, kit or pharmaceutical

composition according to any one of the preceding claims,

wherein the isoQC inhibitor inhibits the polypeptide that

comprises SEQ ID NO: 11 or that is encoded by the nucleic

acid comprising SEQ ID NO: 2 .

50. The isoQC inhibitor, use, method, kit or pharmaceutical

composition according to any one of the preceding claims,

wherein the isoQC inhibitor inhibits the polypeptide that

comprises SEQ ID NO: 12 or that is encoded by the nucleic

acid comprising SEQ ID NO: 3 .































































A. CLASSIFICATION OF SUBJECT MATTER
INV. A61K31/4178 A61K31/4184 A61K31/433 A61K31/437 A61P29/00

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61K A61P

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal , BIOSIS, CHEM ABS Data, EMBASE, WPI Data, BEILSTEIN Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No

WO 2008/034891 A2 (PROBIODRUG AG [DE]; 1-12,
SCHILLING STEPHAN [DE]; CYNIS HOLGER [DE]; 38-50
RAHFELD) 27 March 2008 (2008-03-27)
abstract
list of sequences; pages 26-29
pages 53-62; compounds 1-141

claims 25-44

WO 2008/055947 Al (PROBIODRUG AG [DE]; 1-12
THORMANN MICHAEL [DE]; ALMSTETTER MICHAEL
[DE]; TR) 15 May 2008 (2008-05-15)
page 3 , lines 5-12 1-50
pages 53-118; compounds 1-345
claims 1-34

-/--

Further documents are listed in the continuation of Box C See patent family annex

* Special categories of cited documents
'T' later document published after the international filing date

or pnorrty date and not in conflict with the application but
"A" document defining the general state of the art which is not cited to understand the principle or theory underlying the

considered to be of particular relevance invention
'E' earlier document but published on or after the international "X- document of particular relevance, the claimed invention

filing date cannot be considered novel or cannot be considered to
"L" document which may throw doubts on pnoπty claιm(s) or involve an inventive step when the document is taken alone

which is cited to establish the publication date of another "Y" document of particular relevance, the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the

1O' document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu¬
other means ments, such combination being obvious to a person skilled

'P' document published prior to the international filing date but in the art

later than the priority date claimed '&' document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

30 November 2009 09/12/2009

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P B 5818 Patentlaan 2
NL - 2280 HV RlJSWIjk

TeI (+31-70) 340-2040
Fax (+31-70) 340-3016

Garabatos-Perera, J

Form PCT/ISA/210 (second sheet) (April 2005)



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category * Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No

US 2004/006011 Al (GOUR BARBARA J [CA] ET 1-13,
AL) 8 January 2004 (2004-01-08) 19-22,

30,33-34
abstract
figure 13a; compounds 6,8,9
paragraph [0028]
paragraph [0056]
paragraph [0247] - paragraph [0248]
cl aims 106-115

JANSEN MICHAELA ET AL: 1-13,19,
"Hydantoin-substituted 30,33-34
4,6-dich1oroindole-2-carboxylic acids as

ligands with high affinity for the glycine
binding site of the NMDA receptor."
JOURNAL OF MEDICINAL CHEMISTRY,
vol . 46, no. 1 ,

2 January 2003 (2003-01-02), pages 64-73,
XP002556355
ISSN: 0022-2623
abstract
page 64, left-hand column, line 1 - line
17

page 67; table 2 ; compounds 20b, 20c

DD 293 584 A5 (AKAD WISSENSCHAFTEN DDR 12-15,
[DE]) 5 September 1991 (1991-09-05) 33-34
abstract
page 4 ; tables 1-2; compounds 1,7
claim 1

US 2004/224875 Al (SCHILLING STEPHAN [DE] 1-50
ET AL) 11 November 2004 (2004-11-11)
abstract
paragraphs [0071] - [0077]
claims 1-4

Form PCT/ISA/210 (continuation of second sheet) (April 2005)



Patent document Publication Patent family Publication
cited in search report date member(s) date

WO 2008034891 A2 27-03-2008 AU 2007298929 Al 27-03-2008
CA 2663635 Al 27-03-2008
EP 2082041 A2 29-07-2009
KR 20090059163 A 10-06-2009
US 2008249083 Al 09-10-2008

WO 2008055947 Al 15-05-2008 EP 2091945 Al 26-08-2009

us 2004006011 Al 08-01-2004 NONE

DD 293584 A5 05-09-1991 NONE

US 2004224875 Al 11-11-2004 US 2008153892 Al 26-06-2008

Form PCT/ISA/210 (patent family annex) (April 2005)


	front-page
	description
	claims
	drawings
	wo-search-report

