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Means and methods for assessing liver disorders

The present invention pertains to the field of diagnostics for liver disorders and toxicological as-
sessments for risk stratification of chemical compounds. Specifically, it relates to a method for di-
agnosing liver disorders. It also relates to a method for determining whether a compound is capable
of inducing such liver disorders in a subject and to a method of identifying a drug for treating liver
disorders. Furthermore, the present invention refates fo a device and a kit for diagnosing liver dis-
orders.

Intoxications often affect the liver as the major metabolically active organ of the body. Recently,
some specific types liver toxicities have been identified which can be caused by either Paracetamol
and similar acting drugs or agonists for peroxisome proliferator-activated receptors.

Paracetamol toxicity results from overdoses of Paracetamol (also called acetaminophen). A main
consequence of said Paracetamol intoxication is liver injury and Paracetamol toxicity, consequently,
is one of the most common causes of poisoning in the world. Moreover, it has been reported to be
the most common cause of acute liver failure, in particular, in the US (Larson 2005, Hepatology
(Baltimore, Md.) 42 (6): 1364-72; Ryder 2001, Clinical research (ed.) 322 (7281): 290-2. Parace-
tamol toxicity and the risk of adverse hepatotoxicity can be diagnosed based on blood paracetamol
levels. (Rumack 1975, Pediatrics 55 (6): 871-76.). However, Paracetamol [evels can only be used
for diagnosing a toxicity which is indeed caused by Paracetamol but not by similar acting drugs or
chemicals. Clinical parameters such as AST, ALT, bilirubin, and prolonged coagulation, in particu-
far, an elevated prothrombin time, can also be observed during Paracetamol toxicity. However,
these clinical paramters are not necessarily specific for the Paracetamol-type of intoxication. Bart-
lett 2004, Journal of emergency nursing: JEN : official publication of the Emergency Department
Nurses Association 30 (3): 281--3.

Peroxisome proliferator-activated receptors (PPARSs) are a group of nuclear receptor proteins that
function as transcription factors regulating the expression of various genes. PPARSs play an essen-
tial role in the regulation of cell development and differentiation, metabolism, inflammation and tu-
morigenesis. A less extensive, but similar sensitive and specific method to distinguish the PPAR
agonists will be of help for the detection and early diagnosis of toxicological effects linked to the
activation of the respective receptor (see Babaev, V.R.; Yancey, P.G.; Ryzhov, S.V.; Kon, V.; Brey-
er, M.D.; Magnuson, M.A., Fazio, S.; Linton, M.F. (2005) Conditional knockout of macrophage
PPARgamma increases atherosclerosis in C75BL/6 and low-density lipoprotein receptor-deficient
mice-~ Arterioscler Thromb Vasc Biol, 25, 1647-1653; Berger, J.; Maller, D.E. (2002) The mecha-
nism of action of PPARs. Annu Rev Med, 53, 409-435; Cheung, C.; Akiyama, T.E:; Ward, J.M.;
Nicol, C.J.; Feigenbaum, L.; Vinson, C.; Gonzalez, F.J: (2004) Diminished hepatocellular prolifera-
tion in mice humanized for the nuclear receptor peroxisome proliferator-activated receptor-a. Can-
cer Res, 64, 3849-3854; Coleman, R.A.; Lewin, T.M.; Van Horn, C.G.; Gonzalez-Baro, M.R. (2002)
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Do long-chain acyl-CoA synthetases regulate fatty acid entry into synthetic versus degradative
pathways? J Nutr, 132, 2123-2126;Devchand, P.R.; Keller, H.; Peters, J.M.; Vazquez, M.; Gonza-
lez, F.J.; Wahli, W. (1996) The PPARalpha-leukotriene B4 pathway to inflammation control. Nature,
384, 39-43; Ehrenborg, E.; Krook, A. (2009) Regulation of skeletal muscle physiclogy and metabo-
lism by peroxisome proliferator-activated receptor 8. Pharmacological Reviews, 61(3), 373-393;
Feige, J.N.; Gelman, L.; Michalik, L.; Desvergne, B.; Wahli, W. {2006) From molecular action to
physiological outputs: peroxisome proliferator-activated receptors are nuclear receptors at the
crossroads of key cellular functions. Prog. Lipid. Res., 45 (2), 120-159; Guan, Y.; Hao, C.; Cha,
D.R.; Rao, R.; Lu, W.; Kohan. D.E.; Magnuson, M.A.; Redha, R.; Zhang, Y.; Breyer, M.D. (2005)
Thiazolidinediones expand body fluid volume through PPARgamma stimulation and ENaC-
mediated renal salt absorption. Nat Med, 11, 861-866; Heikkinen, S_; Auwerx, J.; Argmann, C.A.
(2007) PPARgamma in human and mouse physiology. Biochim Biophys Acta, 1771 (8), 999-1013;
Kawaguchi, H.; Akune, T.; Yamaguchi, M.; Ohba, 8.; Ogata, N.; Chung, U.l.; Kubota, N.; Terauchi,
Y.; Kadowaki, T.; Nakamura, K. (2005} Distinct effects of PPARgamma insufficiency on bone mar-
row cells, oseoblasts, and osteoclastic cells. J Bone Miner Metab, 23, 275-279; Lefebvre, P.; Chi-
netti, G.; Fruchart, J.C.; Staels, B. (2006) Sorting out the roles of PPARGa in energy metabolism and
vascular homeostasis. J Clin Invest, 116, 571-580; Marlow, L.A.; Reynolds, L. A_; Cleland, A.S_;
Cooper, S.J.; gumz, M.L.; Kurakata, S.; Fujiwara, K.; Zhang, Y.; Sebo, T.; Grant, C.; Mclver, B.;
Wadsworth, J.T.; Radisky, D.C.; Smallridge, R.C.; Copland, J.A. (2009} Reactivation of suppressed
RhoB is a critical step for the inhibition of anaplastic thyroid cancer growth. Cancer Res, 69 (4),
1536-1544; Michalik, L; Auwerx, J.; Berger, J.P.; Chatterjee, V.K; Glass, C.K.; Gonzales, F.J.;
Grimaldi, P.A:; Kadowaki, T.; Lazar, M.A;; O’Rahilly, S.; Palmer, C.N.; Plutzky, J.; Reddy, J.K_;
Spiegelmann, B.M.; Staels, B.; Wahli, W. (2006). International Union of Pharmacology. LX!. Peroxi-
some proliferator-activated receptors. Pharmacol Rev 58 (4), 726-741; Peraza, M.A.; Burdick, A.D.;
Marin, H.E.; Gonzalez, F.J.; Peters, J.M. (2006) The toxicology of ligands for peroxisome prolifera-
tor-activated receptors (PPARY), 90 (2), 269-295; Ramanan, S.; Kooshki, M.; Zhao, W.; Hsu, F.C.:
Robbins, M.E. (2008) PPARalpha ligands inhibit radiation-induced microglial inflammatory re-
sponses by negatively regulating NF-kappaB and AP-1 pathways. Free Radic Biol Med, 45, 1695-
1704, Reddy, J.K.; Hashimoto, T. (2001) Peroxisomal 3-oxidation and peroxisome proliferator-
activated receptor o: an adaptive metabolic system. Annu Rev Nutr, 21, 193-230; Varga, T.; Czim-
merer, Z.; Nagy, L. (2011) PPARs are a unique set of fatty acid regulated transcription factors con-
trolling both lipid metabolism and inflammation. Biochim Biophys Acta, 1812 (8), 1007-1022; Vidal-
Puig, A.J.; Considine, R.V.; Jimenez-Linan, M.; Werman, A.; Pories, W.J.; Caro, J.F.: Flier, J.S
(1997) Peroxisome proliferator-activated receptor gene expression in human tissues. Effects of
obesity, weight loss, and regulation by insulin and glucocorticoids. J Clin Invest, 99, 2416-2422:
Yeldandi, A.V.; Rao, M.S.; Reddy, J.K. {2000) Hydrogen peroxide generation in peroxisome prolif-
erator-induced oncogenesis. Mutat res, 448, 159-177; Yu, S.; Reddy, J.K. (2007} Transcription co-
activators for peroxisome proliferator-activated receptors. Biochim Biophys Acta, 1771 (8), 936-
951).
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PPARs heterodimerize with retinoid X receptor (RXR) and bind to promoter regions of a gene (i.e.,
PPRE: peroxisome proliferator hormone responsive elements), increasing or decreasing the tran-
scription of target genes. This function of PPARs can be modified by binding of endogenous of ex-
ogenous ligands, co-activator or co-repressor proteins (Yu and Reddy, loc cit.).

Three types of PPARs have been identified, which differ in its tissue distribution, in their physiologi-
cal function as well as in the kind of ligands modulating the receptor expression and inducing a po-
tential adverse effect:

PPARP alpha (PPARa) expression is predominantly found in the liver, but is also present in a lot of
other cell types, like cardiomyocytes, skeletal muscle cells, proximal tubular epithelial cells of the
kKidneys as well as in immune cells including macrophages, lymphocytes and granulocytes (Vargas
et al., loc cit.). PPARa regulates the mitochondrial and peroxisomal B-oxidation as well as micro-
somal w-oxidation of fatty acids in the liver by enzyme activations (Reddy and Hashimoto, loc cit.:
Coleman et al., loc cit.). Moreover, PPARc ligands reduce VLDL production, decrease LDL- and
enhance HDL-particle formation, increase the hepatic elimination of excess cholesterol and up-
regulate lipoprotein lipase transcription in the liver and muscles which leads to increased triglycer-
ide hydrolysis (Lefebvre et al, 2006). PPAR« is activated during starvation and cold acclimatisation
to provide energy from fatty acid catabolism (Varga et al., loc cit.).

Leukotriene B4, as a chemotactic inflammatory eicosanoid, binds to PPAR« as endogenous ligand,
inducing its own degradation to down-regulate the inflammatory response (Devchand et al., loc cit.).
Additionaily, PPARg ligands reduce the levels of pro-inflammatory mediators, like [L-1, TNFw,
COX-2 and iINOS {(Ramanan et al., loc cit.). Typical exogenous ligands for PPAR« activation are
fibrates.

PPAR gamma (PPARY) occurs in two isoforms: PPARy1, which is ubiquitously expressed, and
PPARy2 which expression is mainly limited to the adipose tissue (Vidal-Puig et al,, loc cit.). PPARy
is activated in the well fed state and regulates the development of adipose tissue, fatty acid synthe-
sis as well as insulin sensitivity of major glucose utilizing tissues (e.g., skeletal muscle; Varga et al.,
loc cit.). Morevover, PPARy modulates inflammation after activation by endogenous ligands like
prostaglandin J2 (Marlow et al., loc cit.), stimulating the cholesterol efflux from macrophages and
inhibiting the monocyte recruitment (Babaev et al., loc cit.). Finally, PPARYy inhibition promotes os-
teoblastogenesis (Kawaguchi et al., loc cit.}. A compound group activating PPARy comprises thia-
zolidinediones.

PPAR beta/delta (PPARp/§) is ubiquitously expressed. Mainly, it regulates lipid and lipoprotein me-
tabolism, mitochondrial respiration, skeletal muscle lipid oxidation and determination of the skeletal
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muscle fiber, thermogenesis as well as inflammation and wound healing (Ehrenborg and Krook, loc
cit.).

Regarding toxicity of the PPAR activating compounds, receptor-dependent and -independent
mechanisms have to be distinguished (Peraza et al., loc cit.). At least two target organ toxicities can
be correlated with the activation of PPAR:

PPAR« activation induces hepatocarcinogenesis in rodents, but not in mice expressing only human
PPARa in hepatocytes, proving the role of the receptor activation (Cheung et al., loc cit.). It is hy-
pothesized, that the PPARa mediated massive induction of the peroxisomal fatty acid oxidation
system is leading to oxidative stress, inducing DNA damage which results in formation of liver tu-
mors {Yeldandi et al,, loc cit.).

PPARYy activating ligands cause cardiac hypertrophy followed by heart faiture. It is assumed that
PPARy-dependent expression of renal epithelial sodium channels is leading to an increased sodi-
um absarption, followed by an increased in-fluid volume and a subsequent cardiac overload (Guan
etal., loc cit.).

An established method differentiating the types of PPARs which are modulated by figands is their
administration to knockout mice (Heikkinnen et al., loc cit.; Peraza et al., loc cit.; Varga et al., foc
cit.). A less extensive, but similar sensitive and specific method to distinguish the PPAR agonists
will be of help for the detection and early diagnosis of toxicological effects linked to the activation of
the respective recepfor.

Sensitive and specific methods for assessing the toxicological properties of a chemical compound
and, in particular, liver disorders, in an efficient and reliable manner are not yet available but would,
nevertheless, be highly appreciated.

Thus, the technical problem underlying the present invention could be seen as the provision of
means and methods for complying with the aforementioned needs. The technical problem is solved
by the embodiments characterized in the claims and described herein below.

Accordingly, the present invention relates to a method for diagnosing liver disorder comprising:
(a) determining the amount of at least one biomarker selected from any one of Tables 1, 2, 3a,
3b, 4a, 4b, 7a, 7b, 7c or 7d in a test sample of a subject suspected to suffer from liver disorder,
and
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(b) comparing the amounts determined in step (a) to a reference, whereby the liver disorder is to
be diaghosed.

In a parficular embodiment of the method of the invention, a method is provided for diagnosing liver
disorder comprising:

(a) selecting a male or female subject suspected to suffer from liver disorder;

(b) obtaining a test sample from said selected subject;

(c) pre-treating said sample in preparation for analysis;

(d) determining the amount of at least one biomarker selected from any one of Tables 1, 2, 3a,
3b, 4a, 4b, 7a, 7b, 7c or 7d in said test sample, and

(e) comparing the amounts determined in step (d) to a reference, and

(i  based on the comparison of step (e), diagnose liver disorder by monitoring, confirmation or
classification of the liver disorder or its symptoms.

In a preferred embodiment of the aforementioned method said subject has been brought into con-
tact with a compound suspecied to be capable of inducing liver disorder.

The present invention also relates to a method of determining whether a compound is capable of
inducing liver disorder in a subject comprising:

(a) determining in a sample of a subject which has been brought into contact with a compound
suspected to be capable of inducing liver disorder the amount of at least one biomarker selected
from any one of Tables 1, 2, 3a, 3b, 4a, 4b, 7a, 7b, 7c or 7d; and

(b) comparing the amounts determined in step (a) o a reference, whereby the capability of the
compound to induce liver disorder is determined.

In a particular embodiment of the method of the invention, a method is provided for determining
whether a compound is capable of inducing liver disorder in a subject comprising: ‘
{a1) (i) selecting a male or female subject;

(i}  bringing said subject into contact with a compound suspected to be capable of inducing liver
disorder, or

(a2) selecting a male or female subject brought into contact with a compound capable of inducing
liver disorder;

(b} obtaining a test sample from said selected subject;

(c) pre-treating said sample in preparation for analysis;

(d) determining the amount of at least one biomarker selected from any one of Tables 1, 2, 3a,
3b, 4a, 4b, 7a, 7b, 7c or 7d in said test sample, and

(e) comparing the amounts determined in step (d) to a reference; and

(i  based on the comparison of step (e), identifying whether the compound is capable of inducing
liver disorder, or not.
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In a preferred embodiment of the aforementioned method said compound is at least one compound
selected from the group consisting of: 1-Methyl-2-pyrrolidon, Bezafibrate, Carbendazim, Dimethyl-
formamide, Dimoxystrobin, Metazachlor, N-Acetyl-p-Aminophenol, Wy-14643, 17-alpha-
Ethynylestradiol ,17-alpha-Ethynylestradiol, Tamoxifen, and Tetracycline Hydrochloride.

In another preferred embodiment of the methods of the present invention said reference is derived
from (i) a subject or group of subjects which suffers from liver disorder or (i) a subject or group of
subjects which has been brought into contact with at least one compound selected from the group
consisting of: 1-Methyl-2-pyrrolidon, Bezafibrate, Carbendazim, Dimethylformamide, Dimoxystrobin,
Metazachlor, N-Acetyl-p-Aminophenol, Wy-14643, 17-alpha-Ethynylestradiol ,17-alpha-
Ethynylestradiol, Tamoxifen, and Tetracycline Hydrochloride. In & more preferred embodiment of
said method essentially identical amounts for the biomarkers in the test sample and the reference
are indicative for liver disorder.

In another preferred embodiment of the methods of the present invention said reference is derived
from (i) a subject or group of subjects known to not suffer from liver disorder or {ii) a subject or
group cf subjects which has not been brought into contact with at least one compound selected
from the group consisting of: 1-Methyl-2-pyrrolidon, Bezafibrate, Carbendazim, Dimethylformamide,
Dimoxystrobin, Metazachlor, N-Acetyl-p-Aminophenol, Wy-14643, 17-alpha-Ethynylestradiol ,17-
alpha-Ethynylestradiol, Tamoxifen, and Tetracycline Hydrochloride. In a more preferred embodiment
of said methods amounts for the biomarkers which differ in the test sample in comparison to the
reference are indicative for liver disorder.

In yet ancother embodiment of the methods of the present invention said reference is a calculated
reference for the biomarkers for a population of subjects. In a more preferred embodiment of said
methods amounts for the biomarkers which differ in the test sample in comparison to the reference
are indicative for liver disorder.

The present invention also contemplates a method of identifying a substance for treating liver dis-
order comprising the steps of:

(a) determining in a sample of a subject suffering from liver disorder which has been brought into
contact with a candidate substance suspected {o be capable of treating liver disorder the amount of
at least one biomarker selected from any one of Tables 1, 2, 3a, 3b, 44, 4b, 7a, 7b, 7c or 7d; and
(b) comparing the amounts determined in step (a) to a reference, whereby a substance capable
of treating liver disorder is to be identified.

In a particular embodiment of the method of the invention, a methed is provided for identifying a
substance for treating liver disorder comprising:
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(a1} (i) selecting a male or female subject;

(i)  bringing said subject into contact with a compound suspected to be capable of inducing liver
disorder such that liver disorder is elicited, or

{a2) selecting a male or female suffering from liver disorder;

{b} obtaining a test sample from said selected subject;

(¢) pre-treating said sample in preparation for analysis;

{(d) determining the amount of at least one biomarker selected from any one of Tables 1, 2, 3a,
3b, 4a, 4b, 7a, 7b, 7¢ or 7d in said test sample, and

(e} comparing the amounts determined in step (d) to a reference; and

(f)  based on the comparison of step (e), identifying and selecting the substance for treating liver
disorder.

In a preferred embadiment of the aferementioned method said reference is derived from (i) a sub-
ject or group of subjects which suffers from liver disorder or (i} a subject or group of subjects which
has been brought into contact with at least cne compound selected from the group consisting of: 1-
Methyl-2-pyrrolidon, Bezafibrate, Carbendazim, Dimethylformamide, Dimoxystrobin, Metazachlor,
N-Acetyl-p-Aminophencl, Wy-14643, 17-alpha-Ethynylestradiol ,17-alpha-

Ethynylestradiol, Tamoxifen, and Tetracycline Hydrochloride. In a more preferred embodiment of
said method amounts for the biomarkers which differ in the test sample and the reference are in-
dicative for a substance capable of treating liver disorder.

In another preferred embodiment of the aforementioned method said reference is derived from (i) a
subject or group of subjects known to not suffer from liver disorder or (ii) a subject or group of sub-
jects which has not been brought into contact with at least one compound selected from the group
consisting of: 1-Methyl-2-pyrrolidon, Bezafibrate, Carbendazim, Dimethylformamide, Dimoxystrobin,
Metazachlor, N-Acetyl-p-Aminophenol, Wy-14643, 17-alpha-Ethynylestradicl ,17-alpha-
Ethynylestradiol, Tamoxifen, and Tetracycline Hydrochloride. In a more preferred embodiment of the
said methods essentially identical amounts for the biomarkers in the test sample and the reference
are indicative for a substance capable of treating liver disorder.

in yet another preferred embodiment of the aforementioned method said reference is a calculated
reference for the biomarkers in a population of subjects. In a more preferred embodiment of the
said methods essentially identical amounts for the biomarkers in the test sample and the reference
are indicative for a substance capable of treating liver disorder.

The present invention also relates to the use of at least one biomarker selected from any one of
Tables 1, 2, 3a, 3b, 4a, 4b, 7a, 7b, 7c or 7d or a detection agent for the said biomarker for diagnos-
ing liver disorder in a sample of a subject.
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Moreover, the present invention relates to a device for diagnosing liver disorder in a sample of a
subject suspected to suffer therefrom comprising:

(a) an analyzing unit comprising a detection agent for at least one biomarker selected from any
one of Tables 1, 2, 3a, 3b, 4a, 4b, 7a, 7b, 7c or 7d which allows for determining the amount of the
said biomarker present in the sample; and, operatively linked thereto,

(b) an evaluation unit comprising a stored reference and a data processor which allows for com-
paring the amount of the said at least one biomarker determined by the analyzing unit to the stored
reference, whereby liver disorder is diagnosed.

in a preferred embodiment of the device of the invention said stored reference is a reference de-
rived from a subject or a group of subjects known to suffer from liver disorder or a subject or group
of subjects which has been brought into contact with at least one compound selected from the
group consisting of 1-Methyl-2-pyrrolidon, Bezafibrate, Carbendazim, Dimethylformamide,
Dimoxystrobin, Metazachior, N-Acetyl-p-Aminophenol, Wy-14643, 17-alpha-Ethynylestradiol ,17-
alpha-Ethynylestradiol, Tamexifen, and Tetracycline Hydrochloride and said data processor exe-
cutes instructions for comparing the amount of the at least one biomarker determined by the ana-
lyzing unit to the stored reference, wherein an essentially identical amount of the at least one bi-
omarker in the test sample in comparison 1o the reference is indicative for the presence of liver dis-
order or wherein an amount of the at least one biomarker in the test sample which differs in com-
parison to the reference is indicative for the absence of liver disorder.

In another preferred embodiment of the device of the invention said stored reference is a reference
derived from a subject or a group of subjects known to not suffer from liver disorder or a subject or
group of subjects which has not been brought into contact with at least one compound selected
from the group consisting of 1-Methyl-2-pyrrolidon, Bezafibrate, Carbendazim, Dimethylformamide,
Dimoxystrobin, Metazachlor, N-Acetyl-p-Aminophenol, Wy-14643, 17-alpha-Ethynylestradiol ,17-
alpha-Ethynylestradicl, Tamoxifen, and Tefracycline Hydrochloride, and said data processor exe-
cutes instructions for comparing the amount of the at least one biomarker determined by the ana-
lyzing unit to the stored reference, wherein an amount of the at least one biomarker in the test
sample which differs in comparison to the reference is indicative for the presence of liver disorder
or wherein an essential identical amount of the at least one biomarker in the test sample in compar-
ison to the reference is indicative for the absence of liver disorder.

Further, the present invention relates to a kit for diagnosing liver disorder comprising a detection
agent for the at least one biomarker selected from any one of Tables 1, 2, 3a, 3b, 4a, 4b, 7a, 7b, 7c
or 7d and standards for the at least one biomarker the concentration of which is derived from a sub-
ject or a group of subjects known to suffer from liver disorder or derived from a subject or a group of
subjects known to not suffer from liver disorder.
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In particular, the present invention relates to a method for diagnosing a Paracetamol-induced liver
disorder comprising:

(@) determining the amount of at least one biomarker selected from any one of Tables 1 or2in a
test sample of a subject suspected to suffer from Paracetamol-induced liver toxicity, and

(b) comparing the amounts determined in step (a) to a reference, whereby Paracetamol-induced
liver toxicity is to be diagnosed.

in a particular embodiment of the method of the invention, a method is provided for diagnosing Pa-
racetamol-induced liver disorder comprising: :

(a) selecting a male or female subject suspected to suffer from Paracetamol-induced liver disor-
der;

(b) obtaining a test sample from said selected subject;

{c) pre-treating said sample in preparation for analysis;

(d) determining the amount of at least one biomarker selected from any one of Tables 1 or 2 in
said test sample, and

(e) comparing the amounts determined in step (d) to a reference; and

()  based on the comparison of step (e}, diagnose Paracetamol-induced liver disorder by moni-
toring, confirmation or classification of the Paracetamol-induced liver disorder or its symptoms.

In a preferred embodiment of the aforementioned method said subject has been brought into con-
tact with a compound suspected to be capable of inducing Paracetamol-induced liver toxicity.

The present invention also relates to a method of determining whether a compound is capable of
inducing Paracetamol-induced liver toxicity in a subject comprising:

(a) determining in a sample of a subject which has been brought into contact with a compound
suspected to be capable of inducing Paracetamol-induced liver toxicity the amount of at least one
biomarker selected from any one of Tables 1 or 2; and

(b) comparing the amounts determined in step (a) to a reference, whereby the capability of the
compound to induce Paracetamol-induced liver toxicity is determined.

In a particular embodiment of the method of the invention, a method is provided for determining
whether a compound is capable of inducing Paracetamol-induced liver disorder in a subject com-
prising:

(a1) (i) selecting a male or female subject;

(i)  bringing said subject into contact with a compound suspected to be capable of inducing Pa-
racetamol-induced liver disorder, or

(a2) selecting a male or female subject brought into contact with a compound capable of inducing
Paracetamol-induced liver disorder;
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(b} obtaining a test sample from said selected subject;

(c) pre-treating said sample in preparation for analysis;

(d} determining the amount of at least one biomarker selected from any one of Tables 1 or 2 in
said test sample, and

(e) comparing the amounts determined in step {(d) to a reference; and

(fy  based on the comparison of step (e}, identifying whether the compound is capable of inducing
Paracetamol-induced liver disorder, or not.

In a preferred embodiment of the aforementioned method said compound is at least one compound
selected from the group consisting of: 1-Methyl-2-pyrrolidon, Carbendazim, Dimethylformamide,
Dimoxystrobin, Metazachior, and N-Acetyl-p-Aminophenol.

In another preferred embodiment of the methods of the present invention said reference is derived
from (i) a subject or group of subjects which suifers from Paracetamol-induced liver foxicity or {ii) a
subject or group of subjects which has been brought into contact with at least one compound se-
lected from the group consisting of: 1-Methyl-2-pyrrolidon, Carbendazim, Dimethylformamide,
Dimoxystrobin, Metazachlor, and N-Acetyl-p-Aminophenol. In a more preferred embodiment of said
method essentially identical amounts for the biomarkers in the test sample and the reference are
indicative for Paracetamol-induced liver {oxicity.

In another preferred embodiment of the methods of the present invention said reference is derived
from (i) a subject or group of subjects known to not suffer from Paracetamol-induced liver toxicity or
(if} a subject or group of subjects which has not been brought into contact with at least one com-
pound selected from the group consisting of: 1-Methyl-2-pyrrolidon, Carbendazim, Dimethylforma-
mide, Dimoxystrobin, Metazachlor, and N-Acetyl-p-Aminophenol. In a more preferred embodiment
of said methods amounts for the biomarkers which differ in the test sample in comparison to the
reference are indicative for Paracetamol-induced liver toxicity.

In yet another embodiment of the methods of the present invention said reference is a calculated
reference for the biomarkers for a populaticn of subjects. In a more preferred embodiment of said
methods amounts for the biomarkers which differ in the test sample in comparison to the reference
are indicative for Paracetamol-induced liver toxicity.

The present invention also contemplates a method of identifying a substance for treating Parace-

tamol-induced liver {oxicity comprising the steps of:

(a) determining in a sample of a subject suffering from Paracetamol-induced liver toxicity which
has been brought info contact with a candidate substance suspected to be capable of treating Pa-
racefamol-induced liver toxicity the amount cf at least one biomarker selected from any one of Ta-
bles 1 or 2; and
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(b) comparing the amounts determined in step (a) to a reference, whereby a substance capable
of treating Paracetamol-induced liver toxicity is ta be identified.

In a particular embodiment of the method of the invention, a method is provided for identifying a
substance for treating Paracetamol-induced liver disorder comprising:

{(a1) (i) selecting a male or female subject;

(i) bringing said subject into contact with a compound suspected to be capable of inducing Pa-
racetamol-induced liver disorder such that Paracetamol-induced liver disorder is elicited, or

(a2) selecting a male or female suffering from Paracetamol-induced liver disorder;

{b) obtaining a test sample from said selected subject;

{c) pre-treating said sample in preparation for analysis;

(dy determining the amount of at least one biomarker selected from any one of Tables 1 or 2 in
said test sample, and

(e) comparing the amounts determined in step {(d) to a reference; and

(H  based on the comparison of step (e), identifying and selecting the substance for treating Pa-
racetamol-induced liver disorder.

In a preferred embodiment of the aforementioned method said reference is derived from (i) a sub-
ject or group of subjects which suffers from Paracetamol-induced liver toxicity or (i) a subject or
group of subjects which has been brought into contact with at least one compound selected from
the group consisting of: 1-Methyl-2-pyrrolidon, Carbendazim, Dimethylformamide, Dimoxystrobin,
Metazachlor, and N-Acetyl-p-Aminophenol. In a more preferred embodiment of said method
amounts for the biomarkers which differ in the test sample and the reference are indicative for a
substance capable of treating Paracetamol-induced liver toxicity.

In another preferred embodiment of the aforementioned method said reference is derived from (i) a
subject or group of subjects known to not suffer from Paracetamol-induced liver toxicity or (ii) a sub-
ject or group of subjects which has not been brought into contact with at least one compound se-
lected from the group consisting of: 1-Methyl-2-pyrrolidon, Carbendazim, Dimethylformamide,
Dimoxystrobin, Metazachlor, and N-Acetyl-p-Aminophenal. In a more preferred embodiment of the
said methods essentially identical amounts for the biomarkers in the test sample and the reference
are indicative for a substance capable of treating Paracetamol-induced liver toxicity.

In yet ancther preferred embodiment of the aforementioned methed said reference is a calculated
reference for the biomarkers in a population of subjects. in a more preferred embodiment of the
said methods essentially identical amounts for the biomarkers in the test sample and the reference
are indicative for a substance capable of treating Paracetamol-induced liver toxicity.
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The present invention also relates to the use of at least one biomarker selected from any one of
Tables 1 or 2 or a detection agent for the said biomarker for diagnosing Paracetamol-induced liver
toxicity in a sample of a subject.

Moreover, the present invention relates to a device for diagnosing Paracetamol-induced liver toxici-
ty in a sample of a subject suspected to suffer therefrom comprising:

(@) an analyzing unit comprising a detection agent for at least one biomarker selected from any
one of Tables 1 or 2 which allows for determining the amount of the said biomarker present in the
sample; and, operatively linked thereto,

(b) an evaluation unit comprising a stored reference and a data processor which allows for com-
paring the amount of the said at least one biomarker determined by the analyzing unit to the stored
reference, whereby Paracetamol-induced liver toxicity is diagnosed.

In a preferred embodiment of the device of the invention said stored reference is a reference de-
rived from a subject or a group of subjects known to suffer from Paracetamol-induced liver toxicity
or a subject or group of subjects which has been brought into contact with at least one compound
selected from the group consisting of 1-Methyl-2-pyrrolidon, Carbendazim, Dimethylformamide,
Dimoxystrobin, Metazachlor, and N-Acetyl-p-Aminophenol, and said data processor executes in-
structions for comparing the amount of the at least one biomarker determined by the analyzing unit
10 the stored reference, wherein an essentially identical amount of the at least one biomarker in the
test sample in comparison to the reference is indicative for the presence of Paracetamol-induced
liver toxicity or wherein an amount of the at least one biomarker in the test sample which differs in
comparison to the reference is indicative for the absence of Paracetamol-induced liver toxicity.

In ancther preferred embodiment of the device of the invention said stored reference is a reference
derived from a subject or a group of subjects known to not suffer from Paracetamol-induced liver
toxicity or a subject or group of subjects which has not been brought into contact with at least one
compound selected from the group consisting of 1-Methyl-2-pyrrolidon, Carbendazim, Dimethylfor-
mamide, Dimoxystrobin, Metazachlor, and N-Acetyl-p-Aminophenol, and said data processor exe-
cutes instructions for comparing the amount of the at least one biomarker determined by the ana-
lyzing unit to the stored reference, wherein an amount of the at least one biomarker in the test
sample which differs in comparison to the reference is indicative for the presence of Paracetamol-
induced liver toxicity or wherein an essential identical amount of the at least one biomarker in the
test sample in comparison to the reference is indicative for the absence of Paracetamol-induced
liver toxicity.

Further, the present invention relates to a kit for diagnosing Paracetamol-induced liver toxicity com-
prising a detection agent for the at least one biomarker selected from any one of Tables 1 or 2 and
standards for the at least one biomarker the concentration of which is derived from a subject or a
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group of subjects known to suffer from Paracetamoi-induced liver toxicity or derived from a subject
or a group of subjects known to nct suffer from Paracetamol-induced liver toxicity.

In particular, the present invention relates o a method for diagnosing PPAR alpha agonist-induced

liver disorder comprising:

(a) determining the amount of at least one biomarker selected from any one of Tables 3a or 3bin
a test sample of a subject suspected to suffer from PPAR alpha agonist-induced liver disorder, and
(b) comparing the amounts determined in step (a) to a reference, whereby PPAR alpha agonist-

induced liver disorder is to be diagnosed.

In a particular embodiment of the method of the invention, a method is provided for diagnosing
PPAR alpha agonist-induced liver disorder comprising:

(a) selecting a male or female subject suspected to suffer from PPAR alpha agonist-induced liver
disorder; ’

(b) obtaining a test sample frem said selected subject;

(c) pre-treating said sample in preparation for analysis;

{(d} determining the amount of at least one biomarker selected from any one of Tables 3a or 3b in
said test sample, and

fe} comparing the amounts determined in step (d) to a reference; and

(f) based on the comparison of step (&), diagnose liver disorder by monitoring, confirmation or
classification of the PPAR alpha agonist-induced liver disorder or its symptoms.

In a preferred embodiment of the aforementioned method said subject has been brought into con-
tact with a compound suspected to be capable of inducing PPAR alpha agonist-induced liver disor-
der.

The present invention also relates to a method of determining whether a compound is capable of
inducing PPAR alpha agonist-induced liver disorder in a subject comprising;

(a}) determining in a sample of a subject which has been brought into contact with a compound
suspected to be capable of inducing PPAR alpha agonist-induced liver disorder the amount of at
least one biomarker selected from any one of Tables 3a or 3b; and

(b) comparing the amounis determined in step (a) to a reference, whereby the capability of the
compound to induce PPAR alpha agonist-induced liver disorder is determined.

In a particular embodiment of the method of the invention, a method is provided for determining
whether a compound is capable of inducing PPAR alpha agonist-induced liver disorder in a subject
comprising:

(a1) (i) selecting a male or female subject;
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(i)  bringing said subject into contact with a compound suspected to be capable of inducing
PPAR alpha agonist-induced liver disorder, or

(a2) selecting a male or female subject brought into contact with a compound capable of inducing
PPAR alpha agonist-induced liver disorder;

(b) obtaining a test sample from said selected subject;

(c) pre-treating said sample in preparation for analysis;

(d) determining the amount of at least one biomarker selected from any one of Tables 3a or 3b in
said test sample, and

(e) comparing the amounts determined in step (d) to a reference; and

() based on the comparison of step (e), identifying whether the compound is capable of inducing
PPAR alpha agonist-induced liver disorder, or not.

In a preferred embodiment of the aforementioned method said compound is at least one compound
selected from the group consisting of: Bezafibrate and Wy-14643.

In another preferred embodiment of the methods of the present invention said reference is derived
from (i) a subject or group of subjects which suffers from PPAR alpha agonist-induced liver disorder
or (i) a subject or group of subjects which has been brought into contact with at least one com-
pound selected from the group consisting of: Bezafibrate and Wy-14643. In a more preferred em-
bodiment of said method essentially identical amounts for the biomarkers in the test sample and the
reference are indicative for PPAR alpha agonist-induced liver disorder.

In another preferred embodiment of the methods of the present invention said reference is derived
from (i} a subject or group of subjects known to not suffer from PPAR alpha agonist-induced liver
disorder or (i) a subject or group of subjects which has not been brought into contact with at least
one compound selected from the group consisting of: Bezafibrate and Wy-14643. In a more pre-
ferred embodiment of said methods amounts for the biomarkers which differ in the test sample in
comparison to the reference are indicative for PPAR alpha agonist-induced liver disorder.

In yet another embodiment of the methods of the present invention said reference is a calculated
reference for the biomarkers for a population of subjects. In a more preferred embodiment of said
methods amounts for the biomarkers which differ in the test sample in comparison to the reference
are indicative for PPAR alpha agonist-induced liver disorder.

In order to differentiate between a PPAR alpha agonistically acting compound and a PPAR gamma
agonistically acting compound, it is preferred to further determine the amount of of at least one bi-
omarker selected from any one of Tables 4a or 4b in the test sample. Thereby, it can be diagnosed
whether a compound is also a PPAR gamma agonist. Thus, the method of the present invention, in
a preferred embodiment, further comprises the steps of:
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(c) determining the amount of at least one biomarker selected from any one of Tables 4a or 4b in
the test sample of the subject, and

(d) comparing the amounts determined in step (a) to a reference, whereby it is diagnosed wheth-
er the compound is also a PPAR gamma agonist or is capable of inducing a PPAR gamma induced
disorder referred to elsewhere herein.

The present invention also contemplates a method of identifying a substance for freating PPAR
alpha agonist-induced liver disorder comprising the steps of:

(a) determining in a sample of a subject suffering from PPAR alpha agenist-induced liver disor-
der which has been brought into contact with a candidate substance suspected to be capable of
treating PPAR alpha agonist-induced liver disorder the amount of at least one biomarker selected
from any one of Tables 3a or 3b; and

(b} comparing the amounts determined in step (@) to a reference, whereby a substance capable
of treating PPAR alpha agonist-induced liver disorder is to be identified.

In a particular embodiment of the method of the invention, a method is provided for identifying a
substance for treating PPAR alpha agonist-induced liver disorder comprising:

(a1) (i) selecting a male or female subject;

(i}  bringing said subject into contact with a compound suspected {o be capable of inducing
PPAR alpha agonist-induced liver disorder such that liver disorder is elicited, or

(a2) selecting a male or female suffering from PPAR alpha agonist-induced liver disorder;

(b) obtaining a test sample from said selected subject;

(c) pre-treating said sample in preparation for analysis;

(d) determining the amount of at least one biomarker selected from any one of Tables 3a or 3b in
said test sample, and

(e) comparing the amounts determined in step (d) to a reference; and

()  based on the comparison of step (e), identifying and selecting the substance for treating
PPAR alpha agonist-induced liver disorder.

In a preferred embodiment of the aforementioned method said reference is derived from (i) a sub-
ject or group of subjects which suffers from PPAR alpha agonist-induced liver disorder or (i) a sub-
ject or group of subjects which has been brought into contact with at least one compound selected
from the group consisting of: Bezafibrate and Wy-14643. In a more preferred embodiment of said
method amounts for the biomarkers which differ in the test sample and the reference are indicative
for a substance capable of treating PPAR alpha agonist-induced liver disorder.

In another preferfed embodiment of the aforementicned methed said reference is derived from (i) a
subject or group of subjects known to not suffer from PPAR alpha agonist-induced liver disorder or
(i} a subject or group of subjects which has not been brought into contact with at least one com-
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pound selected from the group consisting of, Bezafibrate and Wy-14643. In a more preferred em-
bodiment of the said methods essentially identical amounts for the biomarkers in the {est sample
and the reference are indicative for a substance capable of treating PPAR alpha agonist-induced
liver disorder.

In yet another preferred embodiment of the aforementioned method said reference is a calculated
reference for the biomarkers in a population of subjects. In a more preferred embodiment of the
said methods essentially. identical amounts for the biomarkers in the test sample and the reference
are indicative for a substance capable of treating PPAR alpha agonist-induced liver disorder.

The present invention also relates to thé use of at least one biomarker selected from any one of
Tables 3a or 3b or a detection agent for the said biomarker for diagnosing PPAR alpha agonist-
induced liver disorder in a sample of a subject.

Moreover, the present invention relates 1o a device for diagnosing PPAR alpha agonist-induced
liver disorder in a sample of a subject suspected to suffer therefrom comprising:

{(a) an analyzing unit comprising a detection agent for at least one biomarker selected from any
one of Tables 3a or 3b which allows for determining the amount of the said biomarker present in
the sample; and, operatively linked thereto,

{(b) an evaluation unit comprising a stored reference and a data processor which allows for com-
paring the amount of the said at least cne biomarker determined by the analyzing unit to the stored
reference, whereby PPAR alpha agonist-induced liver disorder is diagnosed.

In a preferred embodiment of the device of the invention said stored reference is a reference de-
rived from a subject or a group of subjects known fo suffer from PPAR alpha agcnist-induced liver
disorder or a subject or group of subjects which has been brought into contact with at least one
compound selected from the group conSistEng of Bezafibrate and Wy-14643, and said data proces-
sor executes instructions for comparing the amount of the at least one biomarker determined by the
analyzing unit to the stored reference, wherein an essentially identical amount of the at least one
biomarker in the test sample in comparison to the reference is indicative for the presence of PPAR
alpha agonist-induced liver disorder or wherein an amount of the at least one biomarker in the test
sample which differs in comparison to the reference is indicative for the absence of PPAR alpha
agonist-induced liver disorder.

In ancther preferred embodiment of the device of the invention said stored reference is a reference
derived from a subject or a group of subjects known to not suffer from PPAR alpha agonist-induced
liver disorder or a subject or group of subjects which has not been brought into contact with at least
one compound selected from the group consisting of Bezafibrate and Wy-14643, and said data

processor executes instructions for comparing the amount of the at least one biomarker determined
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by the analyzing unit to the stored reference, wherein an amount of the at least one biomarker in
the test sample which differs in comparison to the reference is indicative for the presence of FPAR
alpha agonist-induced liver disorder or wherein an essential identical amount of the at least one
biomarker in the test sample in comparison to the reference is indicative for the absence of PPAR
alpha agonist-induced liver disorder.

Further, the present invention relates to a kit for diagnosing PPAR alpha agonist-induced liver dis-
order comprising a detection agent for the at [east one biomarker selected from any one of Tables
3a or 3b and standards for the at least one biomarker the concenfration of which is derived from a
subject or a group of subjects known to suffer from PPAR alpha agonist-induced liver disorder or
derived from a subject or a group of subjects known to not suffer from PPAR alpha agonist-induced
liver disorder. :

In light of the foregoing, the present invention also contemplates a method for diagnosing PPAR
gamma agonist-induced disorder comprising:

(a) determining the amount of at least one biomarker selected from any one of Tables 4a or 4b in
a test sample of a subject suspected to suffer from PPAR gamma agonist-induced disorder, and
(b)Y comparing the amounts determined in step (a) to a reference, whereby PPAR gamma ago-
nist-induced disorder is to be diagnosed.

in a particular embodiment of the method of the invention, a method is provided for diagnosing
PPAR gamma agonist-induced disorder comprising:

(a) selecting a male or female subject suspected to suffer from PPAR gamma agonist-induced
disorder;

{b) obtaining a test sample from said selected subject;

{c) pre—treafing said sample in preparation for analysis;

{d) determining the amount of at least one biomarker selected from any one of Tables 4a or 4b in
said test sample, and

{e) comparing the amounts determined in step (d) to a reference; and

(i  based on the comparison of step (e), diagnose PPAR gamma agonist-induced disorder by
monitoring, confirmation or classification of the PPAR gamma agonist-induced disorder or its symp-
toms.

In a preferred embodiment of the aforementioned method said subject has been brought into con-
tact with a compound suspected to be capable of inducing PPAR gamma agonist-induced disorder.

The present invention also relates to a method of determining whether a compound is capable of
inducing PPAR gamma agonist-induced disorder in a subject comprising:
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(a) determining in a sample of a subject which has been brought into contact with a compound
suspected to be capable of inducing PPAR gamma agonist-induced disorder the amount of at least
one biomarker selected from any one of Tables 4a or 4b; and

(b) comparing the amounts determined in step (a) to a reference, whereby the capability of the
compound to induce PPAR gamma agonist- liver disorder is determined.

In a particular embodiment of the method of the invention, a method is provided for determining
whether a compound is capable of inducing PPAR gamma agonist-induced disorder in a subject
comprising:

(a1) (i) selecting a male or female subject;

(i)  bringing said subject into contact with a compound suspected to be capable of inducing
PPAR gamma agonist-induced disorder, or

(a2) selecting a male or female subject brought into contact with a compound capable of inducing
PPAR gamma agonist-induced disorder;

(b) obtaining a test sample from said selected subject;

(c) pre-treating said sample in preparation for analysis;

(d) determining the amount of at least one biomarker selected from any one of Tables 4a or 4bin
said test sample, and

(e) comparing the amounts determined in step (d) to a reference; and

(fy  based on the comparison of step (e), identifying whether the compound is capable of inducing
PPAR gamma agonist-induced disorder, or not.

In a preferred embodiment of the aforementioned method said compound is at least one compound
selected from the group consisting of: Pioglitazone hydrochloride, and Rosiglitazone maleate.

In another preferred embodiment of the methods of the present invention said reference is derived
from (i) a subject or group of subjects which suffers from PPAR gamma agonist-induced disorder or
(if) a subject or group of subjects which has been brought into contact with at least one compound
selected from the group consisting of: Pioglitazone hydrochloride, and Rosiglitazone maleate. In a
more preferred embodiment of said method essentially identical amounts for the biomarkers in the
test sample and the reference are indicative for PPAR gamma agonist-induced disorder.

In another preferred embodiment of the methods of the present invention said reference is derived
from (i) a subject or group of subjects known to not suffer from PPAR gamma agonist-induced dis-
order or (i) a subject or group of subjects which has not been brought into contact with at least one
compound selected from the group consisting of: Pioglitazone hydrochloride, and Rosiglitazone
maleate. In a more preferred embodiment of said methods amounts for the biomarkers which differ
in the test sample in comparison to the reference are indicative for PPAR gamma agonist-induced
disorder.
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In yet another embodiment of the methods of the present invention said reference is a calculated
reference for the biomarkers for a population of subjects. In a more preferred embodiment of said
methods amounts for the biomarkers which differ in the test sample in comparison to the reference
are indicative for PPAR gamma agonist-induced disorder.

The present invention also contemplates a method of identifying a substance for treating PPAR
gamma agonist-induced disorder comprising the sieps of:

(@) determining in a sample of a subject suffering from PPAR gamma agonist-induced liver dis-
order which has been brought into contact with a candidate substance suspected to be capable of
treating PPAR gamma agonist-induced disorder the amount of at least one biomarker selected from
any one of Tables 4a or 4b; and

(b) comparing the amounts determined in step (a) to a reference, whereby a substance capable
of treating PPAR gamma agonist-induced disorder is 1o be identified.

In a particular embodiment of the method of the invention, a method is provided for identifying a
substance for treating PPAR gamma agonist-induced liver disorder comprising:

(@1) (i) selecting a male or female subject;

(i)  bringing said subject into contact with a compound suspected to be capable of inducing
PPAR gamma agonist-induced liver disorder such that PPAR gamma agonist-induced liver disorder
is elicited, or

(a2) selecting a male or female suffering from PPAR gamma agonist-induced liver disorder;

(b) obtaining a test sample from said selected subject;

(c) pre-treating said sample in preparation for analysis;

(d) determining the amount of at least one biomarker selected from any one of Tables 4a or 4b in
said test sample, and

(e) comparing the amounts determined in step (d) to a reference; and

()  based on the comparison of step (), identifying and selecting the substance for treating
PPAR gamma agonist-induced liver disorder.

In a preferred embodiment of the aforementioned method said reference is derived from (i) a sub-
ject or group of subjects which suffers from PPAR gamma agonist-induced disorder or (i) a subject
or group of subjects which has been brought into contact with at least one compound selected from
the group consisting of: Pioglitazone hydrochloride, and Rosiglitazone maleate. In a more preferred
embodiment of said method amounts for the biomarkers which differ in the test sample and the
reference are indicative for a substance capable of treating PPAR gamma agonist-induced disor-
der.
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in ancther preferred embodiment of the aforementioned method said reference is derived from (i) a
subject or group of subjects known to not suffer from PPAR gamma agonist-induced disorder or (ii)
a subject or group of subjects which has not been brought into contact with at least one compound
selected from the group consisting of: Pioglitazone hydrochloride, and Rosiglitazone maleate. In a
more preferred embodiment of the said methods essentially identical amounts for the biomarkers in
the fest sample and the reference are indicative for a substance capable of treating PPAR gamma
agonist-induced disorder.

in yet another preferred embodiment of the aforementioned method said reference is a calculated
reference for the biomarkers in a population of subjects. In a more preferred embodiment of the
said methods essentially identical amounts for the biomarkers in the test sample and the reference
are indicative for a substance capable of treating PPAR gamma agonist-induced disorder.

The present invention also relates to the use of at least one biomarker selected from any one of
Tables 4a or 4b or a detection agent for the said biomarker for diagnosing PPAR gamma agonist-
induced liver disorder in a sample of a subject.

Moreover, the present invention relates to a device for diagnosing PPAR gamma agonist-induced
disorder in a sample of a subject suspected to suffer therefrom comptising:

(g} an analyzing unit comprising a detection agent for at least one biomarker selected from any
one of Tables 4a or 4b which allows for determining the amount of the said biomarker present in
the sample; and, operatively linked thereto,

(b} an evaluation unit comprising a stored reference and a data processor which allows for com-
paring the amount of the said at least one biomarker determined by the analyzing unit to the stored
reference, whereby PPAR gamma agonist-induced disorder is diaghosed.

In a preferred embodiment of the device of the invention said stored reference is a reference de-
rived from a subject or a group of subjects known to suffer from PPAR gamma agonist-induced
disorder or a subject or group of subjects which has been brought into contact with at least one
compound selected from the group consisting of Pioglitazone hydrochloride, and Rosiglitazone ma-
leate, and said data processor executes instructions for comparing the amount of the at least one
biomarker determined by the analyzing unit to the stored reference, wherein an essentially identical
amount of the at least one biomarker in the test sample in comparison te the reference is indicative
for the presence of PPAR gamma agonist-induced disorder or wherein an amount of the at least
one biomarker in the test sample which differs in comparison to the reference is indicative for the
absence of PPAR gamma agonist-induced disorder.

In another preferred embodiment of the device of the invention said stored reference is a reference
derived from a subject or a group of subjects known to not suffer from PPAR gamma agonist-
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induced disorder or a subject or group of subjects which has not been brought into contact with at
least one compound selected from the group consisting of Pioglitazone hydrochloride, and Rosig-
litazone maleate, and said data processor executes instructions for comparing the amount of the at
least one biomarker determined by the analyzing unit to the stored reference, wherein an amount of
the at least one biomarker in the test sample which differs in comparison to the reference is indica-
tive for the presence of PPAR gamma agonist-induced disorder or wherein an essential identical
amount of the at least one biomarker in the test sample in comparison to the reference is indicative
for the absence of PPAR gamma agonist-induced disorder.

Further, the present invention relates to a kit for diagnosing PPAR gamma agonist-induced disorder
comprising a detection agent for the at least one biomarker selected from any one of Tables 4a or
4b and standards for the at least one biomarker the concentration of which is derived from a subject
or a group of subjects known to suffer from PPAR gamma agonist-induced disorder or derived from
a subject or a group of subjects known to not suffer from PPAR gamma agonist-induced disorder.

Accordingly, the present invention relates to a method for diagnosing PXR agonist-induced liver
disorder comprising:

(a) determining the amount of at least one biomarker selected from any one of Tables 7a, 7b, 7c
or 7d in a test sampie of a subject suspected to suffer from liver dis-order, and

(b) comparing the amounts determined in step (a) to a reference, whereby the PXR agonist-
induced liver disorder is to be diagnosed.

In a particutar embodiment of the method of the invention, a method is provided for diagnosing PXR
agonist-induced liver disorder comprising:

(a) selecting a male or female subject suspected to suffer from PXR agonist-induced liver disor-
der;

(b) obtaining a test sample from said selected subject;

(c) pre-treating said sample in preparation for analysis;

(d) determining the amount of at least one biomarker selected from any one of Tables 7a, 7b, 7¢
or 7d in said test sample, and

(e) comparing the amounts determined in step (d) to a reference; and

(fH  based on the comparison of step (e), diagnose PXR agonist-induced liver disorder by moni-
toring, confirmation or classification of the PXR agonist-induced liver disorder or its symptoms.

In a preferred embodiment of the aforementioned method said subject has been brought into con-
tact with a compound suspected to be capable of inducing PXR agonist-induced liver disorder.
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The present invention also relates to a method of determining whether a compound is capable of
inducing PXR agonist-induced liver disorder in a subject comprising:

(a) determining in a sample of a subject which has been brought into contact with a com-pound
suspected o be capable of inducing PXR agonist-induced liver disorder the amount of at least one
biomarker selected from any one of Tables 7a, 7b, 7c or 7d; and

{b) comparing the amounts determined in step (a) to a reference, whereby the capability of the
compound to induce PXR agonist-induced liver disorder is determined.

in a particular embodiment of the method of the invention, a method is provided for determining
whether a compound is capable of inducing PXR agonist-induced liver disorder in a subject com-
prising: .

(at) (i) selecting a male or female subject;

(i  bringing said subject into contact with a compound suspected to be capable of inducing PXR
agonist-induced liver disorder, or

(a2) selecting a male or female subject brought into contact with a compound capable of inducing
PXR agonist-induced liver disorder;

(b) obtaining a test sample from said selected subject;

(c) pre-treating said sample in preparation for analysis;

(d}) determining the amount of at least one biomarker selected from any one of Tables 7a, 7b, 7¢
or 7d in said test sample, and

(e) comparing the amounts determined in step (d) to a reference; and

(i based on the comparison of step (e), identifying whether the compound is capable of inducing
PXR agonist-induced liver disorder, or not.

In a preferred embodiment of the aforementioned method said compound is at least one compound
selected from the group consisting of: 17-alpha-Ethynylestradiol ,17-alpha-
Ethynylestradiol, Tamoxifen, and Tetracycline Hydrochloride.

In anocther preferred embodiment of the methods of the present invention said reference is derived
from (i) a subject or group of subjects which suffers from PXR agonist-induced liver disorder or {ii) a
subject or group of subjects which has been brought into contact with at least one compound se-
lected from the group consisting of: 17-alpha-Ethynylestradiol ,17-alpha-

Ethynylestradiol, Tamoxifen, and Tetracycline Hydrochloride. In a more preferred embodiment of
said method essentially identical amounts for the biomarkers in the test sample and the reference
are indicative for PXR agonist-induced liver disorder.

In ancther preferred embodiment of the methods of the present invention said reference is derived
from (i} a subject or group of subjects known to not suffer from PXR agonist-induced liver disorder
or (ii) a subject or group of subjects which has not been brought into contact with at least one com-
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pound selected from the group consisting of: 17-alpha-Ethynylestradiol ,17-alpha-

Ethynylestradiol, Tamoxifen, and Tetracycline Hydrochloride. In a more preferred embodiment of
said methods amounts for the biomarkers which differ in the test sample in comparison {o the refer-
ence are indicative for PXR agonist-induced liver disorder.

In yet another embodiment of the methods of the present invention said reference is a calculated
reference for the biomarkers for a population of subjects. In a more preferred embodiment of said
methods amounts for the biomarkers which differ in the test sample in comparison to the reference
are indicative for PXR agonist-induced liver disorder.

The present invention also contemplates a method of identifying a substance for treating liver dis-
order comprising the steps of:

(a) determining in a sample of a subject suffering from PXR agonist-induced liver disorder which
has been brought into contact with a candidate substance suspected to be capable of treating PXR
agonist-induced liver disorder the amount of at least one biomarker selected from any one of Ta-
bles 7a, 7b, 7c or 7d; and

(b) comparing the amounts determined in step (a) o a reference, whereby a substance ca-pable
of treating PXR agonist-induced liver disorder is to be identified.

In a particular embodiment of the method of the invention, a method is provided for identifying a
substance for treating PXR agonist-induced liver disorder comprising:

(a1) (i) selecting a male or female subject;

(i)  bringing said subject into contact with a compound suspected to be capable of inducing PXR
agonist-induced liver disorder such that PXR agonist-induced liver disorder is elicited, or

(a2) selecling a male or female suffering from PXR agonist-induced liver disorder;

(b) obtaining a test sample from said selected subject;

(c) pre-treating said sample in preparation for analysis;

(d) determining the amount of at least one biomarker selected from any one of Tables 7a, 7b, 7c
or 7d in said test sample, and

(e) comparing the amounts determined in step (d) to a reference; and

()  based on the comparison of step (g), identifying and selecting the substance for treating PXR
agonist-induced liver disorder.

tn a preferred embodiment of the aforementioned method said reference is derived from (i) a sub-
ject or group of subjects which suffers from PXR agonist-induced liver disorder or (ii) a subject or
group of subjects which has been brought into contact with at least one compound selected from
the group consisting of: 17-alpha-Ethynylestradiol ,17-alpha-Ethynylestradiol, Tamoxifen, and Tetra-
cycline Hydrochloride. In a more preferred embodiment of said method amounts for the biomarkers
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which differ in the test sample and the reference are indicative for a substance capable of treating
PXR agonist-induced liver disorder.

In another preferred embodiment of the aforementioned method said reference is derived from (i) a
subject or group of subjects known to not suffer from PXR agonist-induced liver disorder or (i) a
subject or group of subjects which has not been brought into contact with at least one compound
selected from the group consisting of: 17-alpha-Ethynylestradiol,17-alpha-

Ethynylestradiol, Tamoxifen, and Tetracycline Hydrochloride. In a more preferred embodiment of the
said methods essentially identical amounts for the biomarkers in the test sample and the reference
are indicative for a substance capable of treating PXR agonist-induced liver disorder.

In yet another preferred embodiment of the aforementioned method said reference is a calculated
reference for the biomarkers in a population of subjects. In a more preferred embodiment of the
said methods essentially identical amounts for the biomarkers in the test sample and the reference
are indicative for a substance capable of ireating PXR agonist-induced liver discrder.

The present invention also relates to the use of at least one biomarker selected from any one cf
Tables 7a, 7b, 7c or 7d or a detection agent for the said biomarker for diagnosing PXR agonist-
induced liver disorder in a sample of a subject.

Moreover, the present invention relates to a device for diagnosing PXR agonist-induced liver disor-
der in a sample of a subject suspected to suffer therefrom comprising:

(a) an analyzing unit comprising a detection agent for at least one biomarker selected from any
one of Tables 7a, 7b, 7¢ or 7d which allows for determining the amount of the said biomarker pre-
sent in the sample; and, operatively linked thereto,

(b) an evaluation unit comprising a stored reference and a data processor which allows for com-
paring the amount of the said at least one biomarker determined by the analyzing unit to the stored
reference, whereby PXR agonist-induced liver disorder is diagnosed.

In a preferred embodiment of the device of the invention said stored reference is a reference de-
rived from a subject or a group of subjects known to suffer from PXR agonist-induced liver disorder
or a subject or group of subjects which has been brought into contact with at least one compound
selected from the group consisting of 17-alpha-Ethynylestradiol ,17-alpha-

Ethynylestradiol, Tamoxifen, and Tetracycline Hydrochloride and said data processor executes in-
structions for comparing the amount of the at least one biomarker determined by the analyzing unit
to the stored reference, wherein an essentially identical amount of the at least one biomarker in the
test sample in comparison to the reference is indicative for the presence of liver dis-order or where-
in an amount of the at least one biomarker in the test sample which differs in compariscon to the
reference is indicative for the absence of PXR agonist-induced liver disorder.
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In another preferred embodiment of the device of the invention said stored reference is a reference
derived from a subject or a group of subjects known to not suffer from PXR agonist-induced liver
disorder or a subject or group of subjects which has not been brought into contact with at least one
compound selected from the group consisting of 17-alpha-Ethynylestradiol ,17-alpha-
Ethynylestradiol, Tamoxifen, and Tetracycline Hydrochloride, and said data processor executes
instructions for comparing the amount of the at least one biomarker determined by the analyzing
unit to the stored reference, wherein an amount of the at least one biomarker in the test sample
which differs in comparison to the reference is indicative for the presence of PXR agonist-induced
liver disorder or wherein an essential identical amount of the at least one biomarker in the test
sample in comparison to the reference is indicative for the absence of PXR agonist-induced liver
disorder.

Further, the present invention relates to a kit for diagnosing PXR agonist-induced liver disorder
comprising a detection agent for the at least one biomarker selected from any one of Tables 7a, 7b,
7c or 7d and standards for the at least one biomarker the concentration of which is derived from a
subject or a group of subjects known to suffer from PXR agonist-induced liver disorder or derived
from a subject or a group of subjects known to not suffer from PXR agonist-induced liver disorder.

In particular the present invention contemplates also the following specific methods, uses, devices
and kits.

The following definitions and explanations apply mutatis mutandis to all the previous embodiments
of the present invention as well as the embodiments described in the following.

The methods referred to in accordance with the present invention may essentially consist of the
aforementioned steps or may include further steps. Further steps may relate to sample pre-
treatment or evaluation of the diagnostic results obtained by the methods. Preferred further evalua-
tion steps are described elsewhere herein. The methods may partially or entirely be assisted by
automation. For example, steps pertaining to the determination of the amount of a biomarker can
be automated by robotic and automated reader devices. Likewise, steps pertaining to a comparison
of amounts can be automated by suitable data processing devices, such as a computer, comprising
a program code which when being executed carries out the comparison automatically. A reference
in such a case will be provided from a stored reference, e.q., from a database. It is to be under-
stood that the method is, preferably, a method carried out ex vive on a sample of a subject, i.e. not
practised on the human or animal body.
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The term “diagnosing” as used herein refers to assessing the probability according to which a sub-
ject is suffering from a condition, such as intoxication, disease or disorder referred to herein, or has
a predisposition for such a condition. Diagnosis of a predisposition may sometimes be referred to
as prognosis or prediction of the likelihood that a subject will develop the condition within a prede-
fined time window in the future. As will be understood by those skilled in the art, such an assess-
ment, although preferred to be, may usually not be correct for 100% of the subjects to be diag-
nosed. The term, however, requires that a statistically significant portion of subjects can be identi-
fied as suffering from the condition or having a predisposition for the condition. Whether a portion is
statistically significant can be determined without further ado by the person skilled in the art using
various well known statistic evaluation todls, e.g., determination of conﬁdence intervals, p-value
determination, Student’s t-test, Mann-Whitney test, efc.. Details are found in Dowdy and Wearden,
Statistics for Research, John Wiley & Sons, New York 1983. Preferred confidence intervals are at
least 50%, at least 60%, at least 70%, at least 80%, at least 90% or at least 95%. The p-values are,
preferably, 0.2, 0.1, 0.05.

Diagnosing according to the present invention also includes monitoring, confirmation, and classifi-
cation of a condition or its symptoms as well as a predisposition therefor. Monitoring refers to keep-
ing track of an already diagnosed condition or predisposition. Monitoring encompasses, e.g., de-
termining the progression of the condition or predisposition, determining the influence of a particular
treatment on the progression of the condition or the influence of prophylactic measures such as a
prophylactic treatment or diet on the development of the condition in a subject having a predisposi-
tion. Said treatment, prophylactic measure or diet may be adjusted and the influence of the adjust-
ment may be investigated as an aspect of the monitoring. Moreover, if progression of the condition
or a predisposition therefor is monitored, said monitoring may also include determining a monitoring
frequency and to recommend and/or carry out additional monitoring measures such as measure-
ment of additional biochemical or other health parameters. Confirmation relates to the strengthen-
ing or substantiating a diagnosis of the condition or a predisposition for the condition already de-
termined using other indicators or markers. Confirmation may also include in an aspect the admin-
istration or adaptation of therapeutic measures based on the confirmed condition or predisposition
therefor. Classification relates to (i) aliocating the condition into different classes, e.g., comrespond-
ing to the strength of the symptoms accompanying the condition, or (ii} differentiating between dif-
ferent stages, disease or disorders accompanying the condition. Classification may also include in
an aspect the administration or adaptation of therapeutic measures based on the classified condi-
tion, symptoms or predisposition therefor. A predisposition for the condition can be classified based
on the degree of the risk, i.e. the probability according to which a subject wili develop the condition
later. Moreover, classification also, preferably, includes allocating a mode of action to a compound
to be tested by the methods of the present invention. Specifically, the methods of the present inven-
tion allow for determination of a specific mode of action of a compound for which such mode of ac-
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tion is not yet known. This is, preferably, achieved by comparing the amount determined for the at
least one biomarker or a biomarker profile representative for said compound to the amount of the
biomarker or biomarker profile determined for a compound for which the mode of action is known
as a reference. The classification of the mode of action allows an even more reliable assessment of
toxicity of a compound because the molecular targets of the compound are identified. The methods
of the present invention aiming at diagnosing a disease or condition may be used for screening
compounds for toxicological effects and reporting thereon as well as in compound development,
e.d., in increasing safety or in developing drugs or identifying effective concentrations.

In accordance with the present invention, a compound can also be identified as being capable of
inducing liver disorder. Such identification, preferably, also includes making suggestions for the
manufacture, handling, storage and/or transport of the compound and its applications. Such sug-
gestions include establishing safety protocols for manufacture, handling, storage, transport and/or
application, labelling the compound according to its toxicity potential, limiting exposure to humans,
animals and/or to the environment. Moreover, if a compound is identified as eliciting liver disorder,
safety levels such as LD50/LC50 and/or ED5S0/EC50 values and derived thresholds are, preferably,
determined.

The term “liver disorder” as used herein relates to any damage or impairment of the liver or cells of
liver which results in an impaired liver function or which causes or is accompanied by other diseas-
es. Accordingly, the term liver disorder as used herein encompasses Paracetamol-induced liver
toxicity, PPAR alpha agonist-induced liver disorders and/or PXR agonist-induced liver disorders, in
general. Preferably, liver disorder as used herein is induced by or is the result of the administration
of a chemical compound or drug, i.e. so-called toxin-induced liver disorder.

The symptoms.and clinical signs of the aforementioned manifestations of liver disorders are well
known to the persoh skilled in the art and are described in detail in standard books of toxicology,
e.g., H. Marquardt, S. G. Schifer, R. O. McClellan, F. Welsch (eds.), “Toxicology”, Chapter 13: The
Liver, 1999, Academic Press, London.

Paracetamol-induced liver toxicity as used herein refers, preferably, to an impairment of the func-
tion of the liver and, in particular, to liver injury. More preferably, the term encompasses acute liver
failure. '

Preferably, the at least one biomarker to be determined by the methods of the present invention is
selected from any one of Tables 1 or 2 if the liver disorder is Paracetamol-induced liver toxicity.

PPAR alpha agonist-induced liver disorder as used herein, preferably, also refers to an impairment
of the function of the liver. Preferably, PPAR alpha agonist-induced liver disorders include patholog-
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ically increased peroxisomal proliferation, disorders accompanied by oxidative stress and/or DNA
damage, and/or liver cancer.

Preferably, the at least one biomarker to be determined by the methods of the present invention is
selected from any one of Tables 3a or 3b if the liver disorder is PPAR gamma agonist-induced liver
disorder.

PPAR gamma agonist-induced disorder as used herein, preferably, refers to an impairment of the
function of the adipose tissue and/or heart. Preferably, the PPAR alpha agonist-induced disorder is
a cardiac disorder and, more preferably, cardiac hypertorophy, heart failure, cardiac volume over-
load, and/or impaired renal function.

Preferably, the at least one biomarker to be determined by the methods of the present invention is
selected from any one of Tables 4a or 4b if the liver disorder is PPAR gamma agonist-induced dis-
order.

PXR agonist-induced liver disorder as used herein, preferably, also refers to an impairment of the
function of the liver. Preferably, PXR agonist-induced liver disorders include pathologically in-
creased liver enzymes of the Cyp3A4 family (liver enzyme induction), disorders accompanied by
oxidative stress and/or DNA damage, and/or liver cancer.

Preferably, the at least one biomarker to be determined by the methods of the present invention is
selected from any one of Tables 7a, 7b, 7c or 7d if the liver disorder is PXR agonist-induced disor-
der.

It was found in accordance with the present invention that a combination of more than one of the
biomarkers listed in the Tables further strengthen the diagnosis since each of the biomarkers is an
apparently statistically independent predictor for the diagnosis. Moreover, the specificity for liver
disorder is also significantly increased since influences from other tissues on the marker abun-
dance are counterbalanced. Thus, the term “at least one” as used herein, preferably, refers to a
combination of at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9
or at least 10 of the biomarkers referred to in any one of the accompanying Tables. Preferably, all
biomarkers recited in any one of the Tables are to be determined in combination in accordance with
the methods of the present invention.

Preferred groups or combinations of biomarkers for liver disorder and other disorders from the indi-
vidual tables and for the indications referred to in the tables are as follows:
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Table 1 (Paracetamcl-induced liver disorder): Phosphatidylcholine {C16:0,C20:3), Palmitic acid
(C16:0), Linoleic acid {C18:cis[9,12]2), TAG (C16:0,C18:2) or Coenzyme Q9.

Table 2 (Pracetamol-induced liver disarder): Phosphatidylcholine (C16:1,C18:2), Lysophosphatidyl-
choline (C18:1), 4-Hydroxyphenylpyruvate, Phytosphingosine or Phosphatidylcholine
(C18:0,C18:1).

Tables 3a and 3b (PPAR alpha agonist-induced liver disorder). Cholesterol, Campesterol, myo-
Inositol-2-phosphate, lipid fraction, Lysophosphatidylcholine (C18:0) or Arachidonic acid
(C20:cis[5,8,11,14]4).

Tables 4a and 4b (PPAR gamma agonist-induced disorder): Docosahexaenoic acid
(C22:cis[4,7,10,13,16,18]6), Ornithine, Threonine, Phosphatidylcholine {C18:0,C22:6) or Lysine,

Thus, preferably, the at least one biomarker is at least one biomarker selected from the aforemen-
tioned group or the at least one biomarker is a combination of biomarkers consisting or comprising
the aforementioned group of biomarkers. The aforementioned biomarkers and combinations of bi-
omarkers have been identified as key biomarkers having a particular high diagnostic value as de-

scribed in more detail in the accompanying Examples.

Furthermore, other biomarkers or clinical parameters including known metabolites, genetic muta-
tions, transcript and/or protein amounts or enzyme activities may still be determined in addition.
Such, additional clinical or bicchemical parameters which may be determined in accordance with
the method of the present invention are well known in the art.

The term "biomarker” as used herein refers to a chemical compound whose presence or concentra-
tion in a sample is indicative for the presence or absence or strength of a condition, preferably, liver
disorder as referred to herein. The chemical compound is, preferably, a metabolite or an analyte
derived therefrom. An analyte is a chemical compound which can be identical to the actual metabo-
lite found in an organism. However, the term also includes derivatives of such metabolites which
are either endogenously generated or which are generated during the isolation or sample pre-
treatment or as a result of carrying out the methods of the invention, e.g., during the purification
and/or determination steps. In specific cases the analyte is further characterized by chemical prop-
erties such as solubility. Due to the said properties, the analyte may occur in polar or lipid fractions
obtained during the purification and/or determination process. Thus, chemical properties and, pref-
erably, the solubility shall result in the occurrence of an analyte in either polar or lipid fractions ob-
tained during the purification and/or determination process. Accordingly, the said chemical proper-
ties and, in particular the solubility taken into account as the occcurrence of an analyte in either polar
or lipid fractions obtained during the purification and/or determination process shall further charac-
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terize the analyte and assist in its identification. Details on how these chemical properties can be
determined and taken into account are found in the accompanying Examples described below.
Preferably, the analyte represents the metabolite in a qualitative and quantitative manner and, thus,
allows inevitably concluding on the presence or absence or the amount of the metabolite in a sub-
ject or at least in the test sample of said subject. Biomarker, analyte and metabolite are referred to
herein in the singular but also include the plurals of the terms, i.e. refer to a plurality of biomarker,
analyte or metabolite molecules of the same molecular species. Moreover, a biomarker according
to the present invention is not necessarily corresponding to one molecular species. Rather, the bi-
omarker may comprise sterecisomers or enantiomers of a compound. Further, a biomarker can
also represent the sum of isomers of a biological class of isomeric molecules. Said isomers shall
exhibit identical analytical characteristics in some cases and are, therefore, not distinguishable by
various analytical methods including those applied in the accompanying Examples described be-
low. However, the isomers will share at least identical sum formula parameters and, thus, in the
case of, e.g., lipids an identical chain length and identical numbers of double bonds in the fatty acid
and/or sphingo base moieties |

The term “test sample” as used herein refers to samples to be used for the diagnosis of liver disor-
der by the methods of the present invention. Preferably, said test sample is a biological sample.
Samples from biological sources (i.e. biological samples) usually comprise a plurality of metabo-
lites. Preferred biological samples to be used in the method of the present invention are samples
from body fluids, preferably, blood, plasma, serum, saliva, bile, urine or cerebrospinal fluid, or sam-
ples derived, e.g. by biopsy, from cells, tissues or organs, preferably from the liver. More preferably,
the sample is a blood, plasma or serum sample, most preferably, a plasma sample. Biological
samples are derived from a subject as specified elsewhere herein. Techniques for obtaining the
aforementioned different types of biological samples are well known in the art. For example, blood
samples may be obtained by blood taking while tissue or organ samples are to be obtained, e.g. by
bicpsy.

The aforementioned samples are, preferably, pre-treated before they are used for the methods of
the present invention. As described in more detail below, said pre-treatment may include freat-
ments required to release or separate the compounds or to remove excessive material or waste.
Suitable techniques comprise centrifugation, extraction, fractioning, ultra-filtration, protein precipita-
tion followed by filtration and purification and/or enrichment of compounds. Moreover, other pre-
treatments are carried out in order to provide the compounds in a form or concentration suitable for
compound analysis. For example, if gas-chromatography coupled mass spectrometry is used in the
method of the present invention, it will be required to derivatize the compounds prior to the said gas
chromatography. Suitable and necessary pre-treatments depend on the means used for carrying
out the method of the invention and are well known to the person skilled in the art. Pre-treated
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samples as described before are also comprised by the term “sample” as used in accordance with
the present invention.

The term “subject” as used herein relates to animals, preferably to mammals such as mice, rats,
guinea pigs, rabbits, hamsters, pigs, sheep, dogs, cats, horses, monkeys, or cows and, also prefer-
ably, to humans. More preferably, the subject is a rodent and, most preferably, a rat. Other animals
which may be diagnosed applying the methods of the present invention are fishes, birds or reptiles.
Preferably, said subject was in or has been brought into contact with a compound suspected to be
capable of inducing liver disorder. A subject which has been brought into contact with a compound
suspected to induce liver disorder may, e.g., be a laboratory animal such as a rat which is used in a
screening assay for, e.g., toxicity of compounds. A subject suspected to have been in contact with
a compound capable of inducing liver disorder may be also a subject to be diagnosed for selecting
a suitable therapy. Preferably, said compound capable of inducing liver disorder as used herein is
1-Methyl-2-pyrrolidon, Bezafibrate, Carbendazim, Dimethylformamide, Dimoxystrobin, Metazachlor,
N-Acetyl-p-Aminophenol, Wy-14643, 17-alpha-Ethynylestradiol ,17-alpha-

Ethynylestradiol, Tamoxifen, or Tetracycline Hydrochloride.

Preferably, the at least one biomarker to be determined by the methods of the present invention is
selected from any one of Table 1, 7a or 7b if the subject is a female.

Preferably, the at least one biomarker to be determined by the methods of the present invention is
selected from any one of Tables 2, 3a, 3b, 4a, 4b, 7c or 7d if the subject is a male.

The term “determining the amount” as used herein refers to determining at least one characteristic
feature of the biomarker, i.e. the metabolite or analyte. Characteristic features in accordance with
the present invention are features which characterize the physical and/or chemical properties in-
cluding biochemical properties of a biomarker. Such properties include, e.g., molecular weight, vis-
cosity, density, electrical charge, spin, optical activity, colour, fluorescence, chemoluminescence,
elementary composition, chemical structure, capability to react with other compounds, capability to
elicit a response in a biological read out system (e.g., induction of a reporter gene) and the like.
Values for said properties may serve as characteristic features and can be determined by tech-
niques well known in the art. Moreover, the characteristic feature may be any feature which is de-
rived from the values of the physical and/or chemical properties of a biomarker by standard opera-
tions, e.g., mathematical calculations such as multiplication, division or logarithmic calculus. Most
preferably, the at least one characteristic feature allows the determination and/or chemical identifi-
cation of the biomarker and its amount. Accordingly, the characteristic value, preferably, also com-
prises information relating to the abundance of the biomarker from which the characteristic value is
derived. For example, a characteristic value of a biomarker may be a peak in a mass spectrum.
Such a peak contains characteristic information of the biomarker, i.e. the m/z (mass to charge ratio)
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information, as well as an intensity value being related to the abundance of the said biomarker (i.e.
its amount) in the sample.

As discussed before, the at least one biomarker tc be determined in accordance with the methods
of the present invention may be, preferably, determined quantitatively or semi-quantitatively. For
quantitative determination, either the absolute or precise amount of the biomarker will be deter-
mined or the relative amount of the biomarker will be determined based on the value determined for
the characteristic feature(s) referred to herein above. The relative amount may be determined in a
case were the precise amount of a biomarker can or shall not be determined. In said case, it can be
determined whether the amount in which the biomarker is present is enlarged or diminished with
respect to a second sample comprising said biomarker in a second amount. Quantitatively analys-
ing a biomarker, thus, also includes what is sometimes referred to as semi-quantitative analysis of
a biomarker.

Moreover, determining as used in the methods of the present invention, preferably, includes using a
compound separation step prior to the analysis step referred to before. Preferably, said compound
separation step yields a time resolved separation of the at least one biomarker comprised by the
sample. Suitable techniques for separation to be used preferably in accordance with the present
invention, therefore, include all chromatographic separation techniques such as liquid chromatog-
raphy (LC), high performance liquid chromatography (HPLC), gas chromatography (GC), thin layer
chromatography, size exclusion or affinity chromatography. These techniques are well known in the
art and can be applied by the person skilled in the art without further ado. Most preferably, LC
and/or GC are chromatographic techniques to be envisaged by the methods of the present inven-
tion. Suitable devices for such determination of biomarkers are well known in the art. Preferably,
mass spectrometry is used in particular gas chromatography mass spectrometry (GC-MS), liquid
chromatography mass spectrometry (LC-MS), direct infusion mass spectrometry or Fourier trans-
form ion-cyclotrone-resonance mass spectrometry (FT-ICR-MS), capillary electrophoresis mass
spectrometry (CE-MS), high-performance liquid chromatography coupled mass spectrometry
(HPLC-MS), quadrupole mass spectrometry, any sequentially coupled mass spectrometry, such as
MS-MS or MS-MS-MS, inductively coupled plasma mass spectrometry (ICP-MS), pyrolysis mass
spectrometry (Py-MS), ion mobility mass spectrometry or time of flight mass spectrometry (TOF).
Most preferably, LC-MS and/or GC-MS are used as described in detail below. Said techniques are
disclosed in, e.g., Nissen 1995, Journal of Chromatography A, 703: 37-57, US 4,540,884 or US
5,397,894, the disclosure content of which is hereby incorporated by reference. As an alternative or
in addition to mass spectrometry techniques, the following techniques may be used for compound
determination; nuclear magnetic resonance (NMR), magnetic resonance imaging (MRI), Fourier
transform infrared analysis (FT-IR), ultraviolet (UV) spectroscopy, refraction index (RI), fluorescent
detection, radiochemical detection, electrochemical detection, light scattering (LS), dispersive Ra-
man spectroscopy or flame ionisation detection (FID). These techniques are well known to the per-
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son skilled in the art and can be applied without further ado. The method of the present invention
shall be, preferably, assisted by automation. For example, sample processing or pre-treatment can
be automated by robotics. Data processing and comparison is, preferably, assisted by suitable
computer programs and databases. Automation as described herein before allows using the meth-
od of the present invention in high-throughput approaches.

Moreover, the biomarker can also be determined by a specific chemical or biclogical assay. Said
assay shall comprise means which allow for specifically detecting the biomarker in the sample.
Preferably, said means are capable of specifically recognizing the chemical structure of the bi-
omarker or are capable of specifically identifying the biomarker based on its capability to react with
other compounds or its capability to elicit a response in a biclogical read out system (e.9.; induction
of a reporter gene). Means which are capable of specifically recognizing the chemical structure of
a biomarker are, preferably, detection agents which specifically bind to the biomarker, more prefer-
ably, antibodies or other proteins which specifically interact with chemical structures, such as re-
ceptors or enzymes, or aptameres. Specific antibodies, for instance, may be obtained using the
biomarker as antigen by methods well known in the art. Antibodies as referred to herein include
both polyclonal and monoclonal antibodies, as well as fragments thereof, such as Fv, Fab and
F(ab); fragments that are capable of binding the antigen or hapten. The present invention also in-
cludes humanized hybrid antibodies wherein amino acid sequences of a non-human donor anti-
body exhibiting a desired antigen-specificity are combined with sequences of a human acceptor
antibody. Moreover, encompassed are single chain antibodies. The donor sequences will usually
include at least the antigen-binding amino acid residues of the donor but may comprise other struc-
turally and/or functionally relevant amino acid residues of the donor antibody as well. Such hybrids
can be prepared by several methods well known in the art. Suitable proteins which are capable of
specifically recognizing the metabolite are, preferably, enzymes which are invoived in the metabolic
conversion of the said biomarker. Said enzymes may either use the biomarker, e.g., a metabolite,
as a substrate or may convert a substrate into the biomarker, e.g., metabolite. Moreover, said anti-
bodies may be used as a basis to generate oligopeptides which specifically recognize the bi-
omarker. These oligopeptides shall, for example, comprise the enzyme’s binding domains or pock-
ets for the said biomarker. Suitable antibody and/or enzyme based assays may be RiA (radioim-
munoassay), ELISA (enzyme-linked immunosorbent assay), sandwich enzyme immune tests, elec-
trochemiluminescence sandwich immunoassays (ECLIA), dissociation-enhanced lanthanide fluoro
immuno assay (DELFIA) or solid phase immune tests. Aptameres which specifically bind to the
biomarker can be generated by methods well known in the art (Ellington 1990, Nature 346:818-822;
Vater 2003, Curr Opin Drug Discov Devel 6(2); 253-261). Moreover, the biomarker may also be
identified based on its capability to react with other compounds, i.e. by a specific chemical reaction.
Further, the biomarker may be determined in a sample due to its capability to elicit a response in a
biological read out system. The biological response shall be detected as read out indicating the
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presence and/or the amount of the metabolite comprised by the sample. The biclogical response
may be, e.g., the induction of gene expression or a phenotypic response of a cell or an organism.

The term “reference” refers o values of characteristic feafures of the at least one biomarker and,
preferably, values indicative for an amount of the said biomarker which can be correlated to liver
disorder.

Such references are, preferably, obtained from a sample derived from a subject or group of sub-
jects which suffer from liver disorder or from a sample derived from a subject or group of subjects
which have/has been brought into contact with 1-Methyl-2-pyrrolidon, Bezafibrate, Carbendazim,
Dimethylformamide, Dimoxystrobin, Metazachlor, N-Acetyl-p-Aminophenol, Wy-14643, 17-alpha-
Ethynylestradiol ,17-alpha-Ethynylestradicl, Tamoxifen, or Tetracycline Hydrochloride. A subject or
group of subjects may be brought into contact with the said compounds by each topic or systemic
administration mode as long as the compounds become bioavailable.

Preferably, the aforementioned compounds can be administered {o the subject or the individuals of
the group of subjects from which the reference is derived as described in the accompanying Exam-
ples and Tables below.

In particular, 1-Methyl-2-pyrrelidon, Carbendazim, Dimethylformamide, Dimoxystrobin,
Metazachlor, and N-Acetyl-p-Aminophenol shall be capable of inducing Paracetamol-induced fiver
disorder. In particular, Bezafibrate and Wy-14643 shall be capable of inducing PPAR alpha agonist-
induced liver disorder. In particular, Pioglitazone hydrochloride, and Rosiglitazone maleate shall be
capable of inducing PPAR gamma agonist-induced disorder and may, thus, be, preferably, applied
in the method of the present invention for differentiating between a PPAR alpha agonistically acting
compounds and PPAR gamma agonistically acting compounds. 17-alpha-Ethynylestradiol ,17-
alpha-Ethynylestradiol, Tamoxifen, or Tetracycline Hydrochloride shall be capable of inducing PXR
agonist-induced liver disorder.

Alternatively, but nevertheless also preferred, the reference may be obtained from sample derived
from a subject or a group of subjects which has not been brought into contact with 1-Methyl-2-
pyrrolidon, Bezafibrate, Carbendazim, Dimethylformamide, Dimoxystrobin, Metazachior, N-Acetyl-
p-Aminophenol, Wy-14643, 17-alpha-Ethynylestradiol , 17-alpha-Ethynylestradiol, Tamoxifen, or
Tetracycline Hydrochloride or a healthy subject or a group of such subjects with respect to liver
disorder and, more preferably, other diseases as well.

The explanations for references given before for liver disorders apply mutatis mutandis for PPAR
gamma agonist-induced disorders such as cardiac disorders if such disorders shall be diagnosed
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with the method of the invention. It wili be understood that in such a case, the compounds to be
used for the references, preferably, are Pioglitazone hydrochloride or Rosiglitazone maleate.

The reference may be determined as described hereinabove for the amounts of the biomarkers. In
particular, a reference is, preferably, obtained from a sample of a group of subjects as referred to
herein by determining the relative or absolute amounts of each of the at least one biomarker(s) in
samples from each of the individuals of the group separately and subsequently determining a me-
dian or average value for said relative or absolute amounts or any parameter derived therefrom by
using statistical techniques referred to elsewhere herein. Alternatively, the reference may be, pref-
erably, obtained by determining the relative or absolute amount for each of the at least one bi-
omarker in a sample from a mixture of samples of the group of subjects as referred to herein. Such
a mixture, preferably, consists of portions of equal volume from samples obtained from each of the
individuals of the said group.

Moreover, the reference, also preferably, could be a calculated reference, most preferably the av-
erage or median value, for the relative or absolute amcunt for each of the at least one biomarker
derived from a population of individuals. Said population of individuals is the population from which
the subject to be investigated by the method of the present invention originates. However, it is to be
understood that the population of subjects to be investigated for determining a calculated reference,
preferably, either consist of apparently healthy subjects (e.g. untreated) or comprise a number of
apparently healthy subjects which is large enough to be statistically resistant against significant
average or median changes due fo the presence of the test subject(s) in the said population. The
absolute or relative amounts of the at least one biomarker of said individuals of the population can
be determined as specified elsewhere herein. How to calculate a suitable reference value, prefera-
bly, the average or median, is well known in the art. Other techniques for calculating a suitable ref-
erence include optimization using receiver operating characteristics (ROC) curve calculations which
are also well known in the art and which can be performed for an assay system having a given
specificity and sensitivity based on a given cohort of subjects without further ado. The population or
group of subjects referred to before shall comprise a plurality of subjects, preferably, at least 5, 10,
50, 100, 1,000 or 10,000 subjects up to the entire population. More preferably, the group of sub-
jects referred to in this context is a group of subjects having a size being statistically representative
for a given population, i.e. a statistically representative sample. it is to be understood that the sub-
ject to be diagnosed by the methods of the present invention and the subjects of the said plurality of
subjects are of the same species and, preferably, of the same gender.

More preferably, the reference will be stored in a suitable data storage medium such as a daiabase
and are, thus, also available for future diagnoses. This also allows efficiently diagnosing predisposi-
tion for liver disorder because suitable reference results can be identified in the database once it
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has been confirmed (in the future) that the subject from which the corresponding reference sample
was obtained (indeed) developed liver disorder.

The term “comparing” refers to assessing whether the amount of the qualitative or quantitative de-
termination of the at least one biomarker is identical to a reference or differs therefrom.

In case the reference results are obtained from a sample derived from a subject or group of sub-
jects suffering from liver disorder or a subject or group of subjects which has been brought into con-
tact with 1-Methyl-2-pyrrolidon, Bezafibrate, Carbendazim, Dimethylformamide, Dimoxystrobin,
Metazachlor, N-Acetyl-p-Aminophenol, Wy-14643, 17-alpha-Ethynylestradiol ,17-alpha-
Ethynylestradiol, Tamoxifen, or Tetracycline Hydrochloride liver disorder can be diagnosed based
on the degree of identity or similarity between the amounts obtained from the test sample and the
aforementioned reference, i.e. based on an identical qualitative or quantitative composition with
respect to the at least one biomarker. Identical amounts include those amounts which do not differ
in a statistically significant manner and are, preferably, within at least the interval between 1st and
99th percentile, 5th and 95th percentile, 10th and 90th percentile, 20th and 80th percentile, 30th
and 70th percentile, 40th and 60th percentile of the reference, more preferably, the 50th, 60th,
70th, 80th, 90th or 95th percentile of the reference. A reference obtained from a sample derived
from a subject or group of subjects suffering from liver disorder or a subject or group of subjects
which has been brought into contact with 1-Methyl-2-pyrrolidon, Bezafibrate, Carbendazim, Dime-
thylformamide, Dimoxystrobin, Metazachlor, N-Acetyl-p-Aminophenol, Wy-14643, 17-alpha-
Ethynylestradiol ,17-alpha-Ethynylestradiol, Tamoxifen, or Tetracycline Hydrochloride can be ap-
plied in the methods of the present invention in order to diagnose liver disorder or for determining
whether a compound is capable of inducing liver disorder in a subject. In such a case, preferably,
an amount of the at least one biomarker which is essentially identical to the reference will be indica-
tive for the presence of liver disorder or a compound which is capable of inducing liver disorder,
while an amount of the at least one biomarker which differs from the reference will be indicative for
the absence of liver disorder or a compound which is not capable of inducing liver disorder.

Moreover, a reference obtained from a sample derived from a subject or group of subjects suffering
from liver disorder or a subject or group of subjects which has been brought into contact with 1-
Methyl-2-pyrrolidon, Bezafibrate, Carbendazim, Dimethylformamide, Dimoxystrobin, Metazachilor,
N-Acetyl-p-Aminophenol, Wy-14643, 17-alpha-Ethynylestradiol ,17-alpha-

Ethynylestradiol, Tamoxifen, or Tetracycline Hydrochloride can be applied for identifying a sub-
stance for treating liver disorder. In such a case, preferably, an amount of the at least one bi-
omarker which differs from the reference will be indicative for a substance suitable for treating liver
disorder, while an amount of the at least one biomarker which is essentially identical to the refer-
ence will be indicative for a substance which is not capable of treating liver disorder.
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In case the reference results are obtained from a sample of a subject or group of subjects which
has not been brought into contact with 1-Methyl-2-pyrrolidon, Bezafibrate, Carbendazim, Dimethyl-
formamide, Dimoxystrobin, Metazachlor, N-Acetyl-p-Aminophenol, Wy-14643, 17-alpha-
Ethynylestradio! ,17-alpha-Ethynylestradiol, Tamoxifen, or Tetracycline Hydrochloride or which does
not suffer from liver disorder, said liver disorder can be diagnosed based on the differences be-
tween the test amounts obtained from the test sample and the aforementioned reference, i.e. dif-
ferences in the qualitative or quantitative composition with respect to the at least one biomarker.

The same applies if a calculated reference as specified above is used.

The difference may be an increase in the absolute or relative amount of the at least one biomarker
(sometimes referred to as up-regulation of the biomarker; see also Examples) or a decrease in ei-
ther of said amounts or the absence of a detectable amount of the biomarker (sometimes referred
to as down-regulation of the biomarker; see also Examples). Preferably, the difference in the rela-
tive or absolute amount is significant, i.e. outside of the interval between 45" and 55 percentile,
40t and 60" percentile, 30t and 70t percentile, 20t and 80t percentile, 10" and 90" percentile, 5t
and 95t percentile, 15t and 99" percentile of the reference.

A reference obtained from a sample derived from a subject or group of subjects which has not been
brought into contact with 1-Methyl-2-pyrrolidon, Bezafibrate, Carbendazim, Dimethylformamide,
Dimoxystrobin, Metazachlor, N-Acetyl-p-Aminophenol, Wy-14643, 17-alpha-Ethynylestradiol ,17-
alpha-Ethynylestradiol, Tamoxifen, or Tetracycline Hydrochloride or which does not suffer from liver
disorder can be applied in the methods of the present invention in order to diagnose the liver disor-
der or for determining whether a compound is capable of inducing liver disorder in a subject. In
such a case, preferably, an amount of the at least one biomarker which differs from the reference
will be indicative for the presence of liver disorder or a compound which is capable of inducing liver
disorder, while an amount of the at least one biomarker which is essentially identical to the refer-
ence will be indicative for the absence of liver disorder or a compound which is not capable of in-
ducing liver disorder. Moreover, a reference obtained from a sample derived from a subject or
group of subjects which has not been brought into contact with 1-Methyl-2-pyrrolidon, Bezafibrate,
Carbendazim, Dimethylformamide, Dimoxystrobin, Metazachlor, N-Acetyl-p-Aminophenol, Wy-
14643, 17-alpha-Ethynylestradiol ,17-alpha-Ethynylestradiol, Tamoxifen, or Tetracycline Hydrochlo-
ride or which does not suffer from liver disorder can be applied for identifying a substance for treat-
ing liver disorder. In such a case, preferably, an amount of the at least one biomarker which is es-
sentially identical to the reference will be indicative for a substance suitable for treating liver disor-
der, while an amount of the at least one biomarker which differs from the reference will be indicative
for a substance which is not suitable for treating liver disorder.
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Preferred references are those referred to in the accompanying Tables or those which can be gen-
erated following the accompanying Examples. Moreover, relative differences, i.e. increases or de-
creases in the amounts for individual biomarkers, are preferably, those recited in the Tables below.
Moreover, preferably, the extent of an observed difference, i.e. an increase or decrease, is prefera-
bly, an increase or decrease according to the factor indicated in the Tables, below.

Preferably, the at least one biomarker when selected from Tables 1, 2, 3a, 4a or 7a is increased
with respect to a reference obtained from a sample derived from a subject or group of subjects
which has not been brought into contact with 1-Methy!-2-pyrrolidon, Bezafibrate, Carbendazim,
Dimethylformamide, Dimoxystrobin, Metazachlor, N-Acetyl-p-Aminophenol, Wy-14643, 17-alpha-
Ethynylestradiol ,17-alpha-Ethynylestradiol, Tamoxifen, or Tetracycline Hydrochloride or a sample
obtained from a healthy subject or group of subjects as indicated in the said Tables.

Preferably, the at least one biomarker when selected from Tables 3b, 4b or 7b is decreased with
respect to a reference obtained from a sample derived from a subject or group of subjects which
has not been brought into contact with 1-Methyl-2-pyrrolidon, Bezafibrate, Carbendazim, Dimethyl-
formamide, Dimoxystrobin, Metazachlor, N-Acetyl-p-Aminophenol, Wy-14643, 17-alpha-
Ethynylestradiol ,17-alpha-Ethynylestradiol, Tamoxifen, or Tetracycline Hydrochloride or a sample
obtained from a healthy subject or group of subjects as indicated in the said Tables.

The comparison is, preferably, assisted by automation. For example, a suitable computer program
comprising algorithm for the comparison of two different data sets (e.g., data sets comprising the
values of the characteristic feature(s)) may be used. Such computer programs and algorithm are
well known in the art. Notwithstanding the above, a comparison can also be carried out manually.

The explanations for making a comparison given before for liver disorders apply mutatis mutandis
for PPAR gamma agonist-induced disorders such as cardiac disorders if such disorders shall be
diagnosed with the method of the invention.

The term “substance for treating liver disorder” refers to compounds which may directly interfere
with the biological mechanisms inducing liver disorder referred to elsewhere in this specification
Aiternatively, but also preferred, the compounds may interfere with the development or progression
of symptoms associated with the liver disorder. Substances to be identified by the method of the
present invention may be organic and inorganic chemicals, such as small molecules, polynucleo-
tides, oligonucleotides including siRNA, ribozymes or micro RNA molecules, peptides, polypeptides
including antibodies or other artificial or biological polymers, such as aptameres. Preferably, the
substances are suitable as drugs, pro-drugs or lead substances for the development of drugs or
pro-drugs.
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It is to be understood that if the methods of the present invention are to be used for identifying
drugs for the therapy of liver disorder or for toxicological assessments of compounds (i.e. determin-
ing whether a compound is capable of inducing liver disorder), test samples of a plurality of sub-
jects may be investigated for statistical reasons. Preferably, the metabolome within such a cohort of
test subjects shall be as similar as possible in order to avoid differences which are caused, e.g., by
factors other than the compound to be investigated. Subjects to be used for the said methods are,
preferably, laboratory animals such as rodents and more preferably rats. It is to be understood fur-
ther that the said laboratory animals shall be, preferably, sacrificed after completion of the methods
of the present invention. All subjects of a cohort fest and reference animals shall be kept under
identical conditions to avoid any differential environmental influences. Suitable conditions and
methods of providing such animals are described in detail in WO2007/014825. Said conditions are
hereby incorporated by reference. '

Thus, in an aspect of the invention, the method may further include a step comprising identifying
and/or confirming the identified and selected substance a drug, pro-drug or drug or pro-drug candi-
date for further clinical development. Such clinical development may, preferably, include pharmaco-
logical studies of the substance, toxicological determinations of the substance, animal and human
drug testing, including clinical trials of all phases.

Accordingly, the methods of the invention aiming at identifying a substance for treating liver disor-
der and, in particular, Paracetamol, PPAR alpha agonist-induced liver disorder or PPAR gamma
agonist induced liver disorder, preferably, include additional steps. Preferably, further steps include
carrying out preclinical studies with the substance in order to identify pharmacological and/or toxi-
cological parameters thereof, such as ED50/EC50 and/or LD50/LC50 thresholds, carrying out clini-
cal trials, e.g., for determining therapeutic efficacy and safety of the substance and the formulation
of the identified substance in a pharmaceutically acceptable form.

The substance can, preferably, be formulated for topical or systemic administration. Conventionally,
a drug will be administered intra-muscular or, subcutaneous. However, depending on the nature
and the mode of action of a substance, it may, however, be administered by other routes as well.
The substance is, preferably, formulated for administration in conventional dosage forms and pre-
pared by combining the identified substance with standard pharmaceutical carriers according to
conventional procedures. These procedures may involve mixing, granulating, and compression, or
dissolving the ingredients as appropriate to the desired preparation. It will be appreciated that the
form and character of the pharmaceutical acceptable carrier or diluent is dictated by the amount of
active ingredient with which it is to be combined, the route of administration, and other well-known
variables. A carrier must be acceptable in the sense of being compatible with the other ingredients
of the formulation and being not deleterious to the recipient thereof. The pharmaceutical carrier
employed may include a solid, a gel, or a liquid. Without being limiting, examples for solid carriers
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are lactose, terra alba, sucrose, talc, gelatin, agar, pectin, acacia, magnesium stearate, stearic acid
and the like. Without being limiting, exemplary of liquid carriers are phosphate buffered saline solu-
tion, syrup, cil, water, emulsions, various types of wetting agents, and the like. Similarly, the carrier
or diluent may include time delay material well known to the art, such as glyceryl mono-stearate or
glyceryl distearate alone or with a wax. Said suitable carriers comprise those mentioned above and
others well known in the art, see, e.g., Remington’s Pharmaceutical Sciences, Mack Publishing
Company, Easton, Pennsylvania. A diluent is selected so0 as not to affect the biological activity of
the combination. Without being limiting, examples of such diluents are distilled water, physiological
saline, Ringer's solutions, dextrose solution, and Hank's solution. In addition, the pharmaceutical
composition or formulation may also include other carriers, adjuvants, or non-toxic, non-therapeutic,
non-immunogenic stabilizers and the like. It is to be understood that the formulation of a substance
as a drug takes place under GMP standardized conditions or the like in order to ensure quality,
pharmaceutical security, and effectiveness.

The methods of the present invention can be, preferably, implemented by the device of the present
invention. A device as used herein shall comprise at least the aforementioned units. The units of
the device are operatively linked to each other. How to link the units in an operating manner will
depend on the type of units included into the device. For example, where means for automatically
qualitatively or quantitatively determining the at least one biomarker are applied in an analyzing
unit, the data obtained by said automatically operating unit can be processed by the evaluation unit,
e.d., by a computer program which runs on a computer being the data processor in order to facili-
tate the diagnosis. Preferably, the units are comprised by a single device in such a case. However,
the analyzing unit and the evaluation unit may also be physically separate. In such a case operative
linkage can be achieved via wire and wireless connections between the units which allow for data
transfer. A wireless connection may use Wireless LAN (WLAN) or the internet. Wire connections
may be achieved by optical and non-optical cable connections between the units. The cables used
for wire connections are, preferably, suitable for high throughput data transport

A preferred analyzing unit for determining at least one biomarker comprises a detection agent, such
as an antibody, protein or aptamere which specifically recognizes the at least one biomarker as
specified elsewhere herein, and a zone for contacting said detection agent with the sample to be
tested. The detection agent may be immobilized on the zone for contacting or may be applied to the
said zone after the sample has been loaded. The analyzing unit shall be, preferably, adapted for
qualitatively and/or quantitatively determine the amount of complexes of the detection agent and
the at least one biomarker. It will be understood that upon binding of the detection agent to the at
least one biomarker, at least one measurable physical or chemical property of either the at least
one biomarker, the detection agent or both will be altered such that the said alteration can be
measured by a detector, preferably, comprised in the analyzing unit. However, where analyzing
units such as test stripes are used, the detector and the analyzing units may be separate compo-
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nents which are brought together only for the measurement. Based on the defected alteration in the
at least one measurable physical or chemical property, the analyzing unit may calculate an intensity
value for the at least one biomarker as specified elsewhere herein. Said intensity value can then be
transferred for further processing and evaluation to the evaluation unit. Most preferably, the amount
of the at least one biomarker can be determined by ELISA, EIA, or RIA based techniques using a
detection agent as specified elsewhere herein. Alternatively, an analyzing unit as referred to herein,
preferably, comprises means for separating biomarkers, such as chromatographic devices, and
means for biomarker determination, such as spectrometry devices. Suitable devices have been
described in detail above. Preferred means for compound separation to be used in the system of
the present invention include chromatographic devices, more preferably devices for liquid chroma-
tography, HPLC, and/or gas chromatography. Preferred devices for compound determination com-
prise mass spectrometry devices, more preferably, GC-MS, LC-MS, direct infusion mass spectrom-
etry, FT-ICR-MS, CE-MS, HPLC-MS, quadrupole mass spectrometry, sequentially coupled mass
spectrometry (including MS-MS or MS-MS-MS), [CP-MS, Py-MS or TOF. The separation and de-
termination means are, preferably, coupled to each other. Most preferably, LC-MS andfor GC-MS is
used in the analyzing unit referred to in accordance with the present invention.

The evaluation unit of the device of the present invention, preferably, comprises a data processing
device or computer which is adapted to execute rules for carrying out the comparison as specified
elsewhere herein. Moregver, the evaluation unit, preferably, comprises a database with stored ref-
erences. A database as used herein comprises the data collection on a suitable storage medium.
Moreover, the database, preferably, further comprises a database management system. The data-
base management system is, preferably, a network-based, hierarchical or object-oriented database
management system. Furthermore, the database may be a federal or integrated database. More
preferably, the database will be implemented as a distributed (federal} system, e.g. as a Client-
Server-System. More preferably, the database is structured as to allow a search algorithm to com-
pare a test data set with the data sets comprised by the data collection. Specifically, by using such
an algorithm, the database can be searched for similar or identical data sets being indicative for
liver disorder (e.g. a query search). Thus, if an identical or similar data set can be identified in the
data collection, the test data set will be associated with liver disorder. The evaluation unit ray also
preferably comprise or be operatively linked o a further database with recormmendations for thera-
peutic or preventive interventions cr life style adaptations based on the established diagnosis of
liver disorder. Said further database can be, preferably, automatically searched with the diagnostic
result obtained by the evaluation unit in order to identify suitable recommendations for the subject
from which the test sample has been obtained in order to treat or prevent liver disorder.

In a preferred embodiment of the device of the present invention, said stored reference is a refer-
ence derived from a subject or a group of subjects known to suffer from liver discrder or a subject
or group of subjects which has been brought into contact with at least one compound selected from
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the group consisting of 1-Methyl-2-pyrrolidon, Bezafibrate, Carbendazim, Dimethylformamide,
Dimoxystrobin, Metazachlor, N-Acetyl-p-Aminophenol, Wy-14643, 17-alpha-Ethynylestradiol ,17-
alpha-Ethynylestradiol, Tamoxifen, and Tetracycline Hydrochloride, and said data processor exe-
cutes instructions for comparing the amount of the at least one biomarker determined by the ana-
lyzing unit to the stored reference, wherein an essentially identical amount of the at least one bi-
omarker in the test sample in comparison to the reference is indicative for the presence of liver dis-
order or wherein an amount of the at least one biomarker in the test sample which differs in com-
parison to the reference is indicative for the absence of liver disorder.

In another preferred embodiment of the device of the present invention, said stored reference is a
reference derived from a subject or a group of subjects known not to suffer from liver disorder or a
subject or group of subjects which has not been brought into contact with at least one compound
selected from the group consisting of 1-Methyl-2-pyrrolidon, Bezafibrate, Carbendazim, Dimethyl-
formamide, Dimoxystrobin, Metazachlor, N-Acetyl-p-Aminophenol, Wy-14643, 17-alpha-
Ethynylestradiol ,17-alpha-Ethynylestradiol, Tamoxifen, and Tetracycline Hydrochloride, and said
data processor executes instructions for comparing the amount of the at least one biomarker de-
termined by the analyzing unit to the stored reference, wherein an amount of the at least one bi-
omarker in the test sample which differs in comparison to the reference is indicative for the pres-
ence of liver disorder or wherein an essentially identical amount of the at least one biomarker in the
test sample in comparison to the reference is indicative for the absence of liver disorder.

The device, thus, can also be used without special medica! knowledge by medicinal or laboratory
staff or patients, in particular when an expert system making recommendations is included. The
device is also suitable for near-patient applications since the device can be adapted to a portable
format.

The term “kit” refers to a collection of the aforementioned components, preferably, provided sepa-
rately or within a single container. The container also comprises instructions for carrying out the
method of the present invention. These instructions may be in the form of a manual or may be pro-
vided by a computer program code which is capable of carrying out the comparisons referred to in
the methods of the present invention and to establish a diagnosis accordingly when implemented
on a computer or a data processing device. The computer program code may be provided on a
data storage medium or device such as an optical or magnetic storage medium (e.g., a Compact
Disc (CD), CD-ROM, a hard disk, optical storage media, or a diskette} or directly on a computer or
data processing device. A “standard” as referred to in connection with the kit of the invention is an
amount of the at least one biomarker when present in solution or dissolved in a predefined volume
of a solution resembles the amount of the at least one biomarker which is present (i) in a subject or
a group of subjects known to suffer from liver disorder or a subject or group of subjects which has
been brought into contact with at least one compound selected from the group consisting of 1-
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Methyl-2-pyrrolidon, Bezafibrate, Carbendazim, Dimethylformamide, Dimoxystrobin, Metazachlor,
N-Acetyl-p-Aminophenol, Wy-14643, 17-alpha-Ethynylestradiot ,17-alpha-

Ethynylestradiol, Tamoxifen, and Tetracycline Hydrochloride or (i) derived from a subject or a group
of subjects known to not suffer from therefrom or a subject or group of subjects which has not been
brought into contact with at least one compound selected from the group consisting of 1-Methyl-2-
pyrrolidon, Bezafibrate, Carbendazim, Dimethylformamide, Dimoxystrobin, Metazachlor, N-Acetyl-
p-Aminophenol, Wy-14643, 17-alpha-Ethynylestradio! ,17-alpha-Ethynylestradiol, Tamoxifen, and
Tetracycline Hydrochloride.

Advantageously, it has been found in the study underlying the present invention that the amount of
at least one biomarker as specified herein allows for diagnosing liver disorder, specifically liver dis-
order induced by 1-Methy!-2-pyrrolidon, Bezafibrate, Carbendazim, Dimethylformamide,
Dimoxystrobin, Metazachlor, N-Acetyl-p-Aminophenol, Wy-14643, 17-alpha-Ethynylestradiol ,17-
alpha-Ethynylestradiol, Tamoxifen, and Tetracycline Hydrochloride. The specificity and accuracy of
the method will be even more improved by determining an increasing number or even all of the
aforementioned biomarkers. A change in the quantitative and/or qualitative composition of the
metabolome with respect to these specific biomarkers is indicative for liver disorder even before
other signs of the said toxicity are clinically apparent. The marphological, physiological as well as
biochemical parameters which are currently used for diagnosing liver disorder are less specific and
less sensitive in comparison to the biomarker determination provided by the present invention.
Thanks to the present invention, liver disorder of a compound can be more efficiently and reliably
assessed. Moreover, based on the aforementioned findings, screening assays for drugs which are
useful for the therapy of liver disorder are feasible. In general, the present invention contemplates
the use of at least one biomarker in a sample of a subject selected from any one of the Tables 1, 2,
3a, 3b, 4a, 4b, 7a, 7b, 7c or 7d or a detection agent for said biomarker for diagnosing liver disorder,
for determining whether a compound is capable of inducing liver disorder or for identifying a sub-
stance capable of treating liver disorder. Further, the present invention, in general, cantemplates
the use of the at least one biomarker in a sample of a subject or a detection agent therefor for iden-
tifying a subject being susceptible for a treatment of liver disorder. Preferred detection agents to be
used in this context of the invention are those referred to elsewhere herein. Moreover, the methods
of the present invention can be, advantageously, implemented into a device. Furthermore, a kit can
be provided which allows for carrying out the methods.

The present invention also relates to a data collection comprising characteristic values for the bi-
omarkers recited in any one of Tables 1, 2, 3a, 3b, 4a, 4b, 7a, 7b, 7c or 7d. The term “data collec-
tion” refers to a collection of data which may be physically and/or logically grouped together. Ac-
cordingly, the data collection may be implemented in a single data storage medium or in physically
separated data storage media being operatively linked to each other. Preferably, the data collection
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is implemented by means of a database. Thus, a database as used herein comprises the data col-
lection on a suitable storage medium. Moreover, the database, preferably, further comprises a da-
tabase management system. The database management system is, preferably, a network-based,
hierarchical or object-oriented database management system. Furthermore, the database may be a
federal or integrated database. More preferably, the database will be implemented as a distributed
(federal) system, e.g. as a Client-Server-System. More preferably, the database is structured as to
allow a search algorithm to compare a test data set with the data sets comprised by the data collec-
tion. Specifically, by using such an algorithm, the database can be searched for similar or identical
data sets being indicative for liver disorder (e.g. a query search). Thus, if an identical or similar data
set can be identified in the data collection, the test data set will be associated with liver disorder.
Consequently, the information obtained from the data collection can be used to diagnose liver dis-
order based on a test data set obtained from a subject.

Moreover, the present invention pertains to a data storage medium comprising the said data collec-
tion. The term “data storage medium” as used herein encompasses data storage media which are
based on single physical entities such as a CD, a CD-ROM, a hard disk, optical storage media, or a
diskette. Moreover, the term further includes data storage media consisting of physically separated
entities which are operatively linked to each other in a manner as to provide the aforementioned
data collection, preferably, in a suitable way for a query search.

The present invention also relates to a system comprising

(8) means for comparing characteristic values of at least one biomarker of a sample operatively
linked to

(b) the data storage medium of the present invention.

The term “system” as used herein relates to different means which are operatively linked to each
other. Said means may be implemented in a single device or may be implemented in physically
separated devices which are operatively linked to each other. The means for comparing character-
istic values of the biomarker operate, preferably, based on an algorithm for comparison as men-
tioned before. The data storage medium, preferably, comprises the aforementioned data collection
or database, wherein each of the stored data sets being indicative for liver disorder. Thus, the sys-
tem of the present invention allows identifying whether a test data set is comprised by the data col-
lection stored in the data storage medium. Consequently, the system of the present invention may
be applied as a diagnostic means in diagnosing liver disorder. In a preferred embodiment of the
system, means for determining characteristic values of biomakers of a sample are comprised. The
term “means for determining characteristic values of biomarkers” preferably relates to the afore-
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mentioned devices for the determination of biomarkers such as mass spectrometry devices, ELISA
devices, NMR devices or devices for carrying out chemical or biological assays for the analytes.

All references referred to above are herewith incorporated by reference with respect to their entire
disclosure content as well as their specific disclosure content explicitly referred to in the above de-
scription.

The following Examples are merely for the purposes of ilustrating the present invention. They shall
not be construed, whatsoever, to limit the scope of the invention in any respect.

EXAMPLES

Example: Biomarkers associated with liver disorder

A group of each 5 male and female rats was dosed once daily with the indicated compounds (see
Table 5, below for compounds, applied doses and administeration details) over 28 days.

Each dose group in the studies consisted of five rats per sex. Additional groups of each 5 male and
female animals served as controls. Before starting the treatment period, animals, which were 62-64
days old when supplied, were acclimatized to the housing and environmental conditions for 7 days.
All animals of the animal population were kept under the same constant temperature (20-24 + 3 °C})
and the same constant humidity (30-70 %). The animals of the animal population were fed ad libi-
tum. The food to be used was essentially free of chemical or microbial contaminants. Drinking wa-
ter was also offered ad libitum. Accordingly, the water was free of chemical and microbial contami-
nants as laid down in the European Drinking Water Directive 98/83/EG. The illumination period was
12 hours light followed by 12 hours darkness (12 hours light, from 6:00 fo 18:00, and 12 hours
darkness, from 18:00 to 6:00). The studies were performed in an AAALAC-approved laboratory in
accordance with the German Animal Welfare Act and the European Council Directive 86/609/EE.
The test system was arranged according to the OECD 407 guideline for the testing of chemicals for
repeated dose 28-day oral toxicity study in rodents. The test substances (compounds) in the Tables
1 to 4 below were dosed and administered as described in the Table 5, below.
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In the morning of day 7, 14, and 28, blood was taken from the retroorbital venous plexus from fast-
ed anaesthetized animals. From each animal, 1 mi of blood was collected with EDTA as anticoagu-
lant. The samples were centrifuged for generation of plasma. All ptasma samples were covered
with a N atmosphere and then stored at —80°C until analysis.

For mass spectrometry-based metabolite profiling analyses plasma samples were extracted and a
polar and a non-polar (lipid) fraction was obtained. For GC-MS analysis, the non-polar fraction was
treated with methanol under acidic conditions fo yield the fatty acid methyl esters. Both fractions
were further derivatised with O-methyl-hydroxyamine hydrochloride and pyridine to convert Oxo-
groups to O-methyloximes and subsequently with a silylating agent before analysis. In LC-MS anal-
ysis, both fractions were reconstituted in appropriate solvent mixtures. HPLC was performed by
gradient elution on reversed phase separation columns. Mass spectrometric detection which allows
target and high sensitivity MRM (Multiple Reaction Monitoring) profiling in parallel to a full screen
analysis was applied as described in WO2003073464.

Steroids and their metabolites were measured by online SPE-LC-MS (Solid phase extraction-LC-
MS). Catecholamines and their metabolites were measured by online SPE-LC-MS as described by
Yamada et al.. (Yamada 2002, Journal of Analytical Toxicology, 26(1): 17-22))

Foliowing comprehensive analytical validation steps, the data for each analyte were normalized
against data from pool samples. These samples were run in parallel through the whole process to
account for process variability. The significance of treatment group values specific for sex, treat-
ment duration and metabolite was determined by comparing means of the treated groups to the
means of the respective untreated control groups using WELCH-test and quantified with treatment
ratios versus control and p-values.

The identification of the most important biomarkers per toxicity pattern was done by a ranking of the
analytes in the tables below. Therefore the metabolic changes in reference treatments of a given
pattern (shown in the table) were compared with changes of the same metabolite in other unrelated
treatments. For each metabolite T-values were obtained for the reference and control treatment
and compared by the Welch test to asses whether these two groups are significantly different. The
maximum absolute value of the respective TVALUE was taken to indicate the most important me-
tabolite for the pattern.

The changes of the group of plasma metabalites being indicative for liver disorders and toxicity as
well as other disorders after treatment of the rats are shown in the following tables:



PCT/IB2013/051862

47

WO 2013/132467

% " " . « | L1 . " . x " * . x * (gL L1'gls0:02D)
L0Z ! 2z | S8°L | vL'Z |85 L 8FY | 9LV | 692 | ¥S'€ | 85T |S6C| 96'€ | 9L | LT pioe olUusjour
-ewieB-owoyip
" « x « * * « " " * " N . N « | #Z:glo'1:810) OVl
L9Z | ¥'€ | 89°Z|69G|Z9EC |GS¢C|60C|PLZ GOC 6YV|L8€ |8l v | 882 28E|ELE
" ¥ . . * % x " * «| LBL x " x . B0 BWAZUB0D
62C| 952 | vLZ|6LL|8EL |2ZC|GLL (602 €2 | 8L LGV | L2€ 182 |9vC
" * * « X « x " * x % % . N « | #Z:8LD'0:91D) OVl
ZZ | L2 | 251|090 |S0EC|8LE|ELE|69E 69T 89E |9y | BYE| LSE | 9¢ |OFT
X « x . x * « " * * " . " * . (ZlzL'6ls10:81 D)
82| €82 | 61 |89CZ|28L|EVL|EPe| 2E (€82 | 22 |22 (22| oFtr | ¥2 | 2582 pIoe olsjour
. . . . . . . . . * " x . * « | (0:910) poe oniwied
€61 | 80Z | €61 1E€0Z| S} | 911|982 |€8C |96l | €E0Z|68)L | 66L| €5C |SBL|LBL
« x " " « " . x . . " X " * . #(G:0200:91LD)
9z'L L LEL I SLLILGL | PEL | €L 1921 | 9P L | 8LL | SLL|PSL EEL | SEL | SPL|2ZEL | euloysiApneydsoyd
8Z+| vl 4| 82| M| 4| 8z| ¥ 4 8z vu 1} e TANNE AN y1! ayjoqevy
apllewLIOjAYIBWIIQG [ouaydoulLly Io[yoBZEIBIN uigoJisAxoui(g uapiolAd
-d-|A190y-N . -Z-lAys -1

'Q 9|ge} Ul paplaoid aie UOHRULIOU [RUOIIPPE ‘(# UIM paylew) salljoge)sLu
awos Jo4 ‘() paddew ale (Z'0 s anjea-d) sebueyd uolejnbal-dn juesiiubig isjed s[ews) Ul J8PIOSIP JSAI PaONPUI-|OWEBIaoRIB JO) SIONIBIA 1L S|ae ]




PCT/IB2013/051862

WO 2013/132467

48

|0J8)89(0UD)

vz | 9zz| Wz L (vl | PV 1242|962 252 | SLL | L)L | 991 | 8EC |9LT  EL)
. " . . " . . . . " . " . . «| #Z'8LDZ8LD) OVl
¥6'Z | S6'2| GZZ | €SS |9SE | §C [ PEV | IST1ZFT | LL'G|Z8E | BIE | EEL | 9GE | pVE
. " * . . " . . . " . . " " . #uonoel} pidi|
gez | 261 | Jez el | 281 |80'L |6l ere| bz | 86L | 691 8L | 66T | 221|981t | ‘ejeydsoyd joiedhD
. " " . . } " . " « | SLL |22 «| €60 SGL') pioe
PLL| #2L | 8L | 9L 2L 6L L LALL 8LV | LEL Ge'l oloueospexayAyBIN
¥l
¥ * ¥ ¥ £ * X # * * * * £ * x #_‘OOZ O(P
L8'e | /82| 9zzlege|BLZ|¥S)L|9LE|667L,28°) 192 €6 29T |LGLLISLY | LCE
¥ ¥ £ £ £ * £ * £ * x* ¥ * * * AOONOV
61| 99°L | 881991 |ZEL |28 |6YT|6LE|LL'C|80C | PST|€TT | 64T | 8 | LL) pioe 5louesoo1g
" . . . . . . . , * . « . . . (0:210)
Go'L | €91 BEL | ZOL | vEL | 281 | 802 86 €SV IvET [ 8LV LeL | LLZ |68 | 9F'L | Pioe doueospeldey
* * . , " x > * " * " x . " | uonoed] pidif l0i824|9
68°L | 98°L | ¥OL Y22 €91 |GFL I ELE | ¥EZ |68l [8GC | ¥PZ |B0Z | GL'G |[€ET | V2T
¥ ¥ ¥ > * ¥ ¥ ¥ ¥ ¥ * * ¥ * * %MDOZ o<._.
162 | GLZ| BLL|SYV |62 |EVE |25 |89F | L2268 |T0E|68C|9L0L|2EG|LLE




PCT/IB2013/051862

WO 2013/132467

49

" . X " . . « «| 161 . " . . x . #.0 ON ©VL
Q%L | ZOS| 12Z 1L 20264V VE | 28°€ ey | ¥Se| 2 12l | ¥8'E€|69¢
. « . x % " . . . « « " . N . (1[G 1]s10:420)
1671 692 | 152|151 1G6eL i 6LL | €0G126S| S¥ | 8S L PSL | €8 | SLL | ¥OL | GLL PIOE JJUOAIBN
. * . * . « " * « . x «| 6L . « | suisobulydg-oiyhie
vZz| 9z | szz|oglL| €1 | LLL|ESY|64°G 90V | 9P L | 8471 1981 122 16L2Z
* " " x . . X « . . " % " . . #(1.81P)
8z |zl 222 ¢V WL |22 PSS | vl | VLG 6L V6L | V6L | 68L | LET | 2PT suisoBuiydsiAyia iy
-0-G
* ¥ £l * L E L ¥ E3 * ¥ * * * * #A—\.w_\vv
02| Srel SBEZ|IYL | L8| ST | PG 9GL| TS 125 [ 8LL |82 €E8L | €C |vLE suisobuiydsiAyiay
-0-€
* . " . . " . . . " . " . " « | (0:220) pioe ousyag
60z | gszl erz L l9SL|B0L! ¥E | €V | 82 | €0 | €2Z|€0T | 90 {¥OZT | 6L
« 1 911 . * X x " x « | B2°L « | 8EL | BZL % * uoy
gl Ge'L | Lz L |SeL | €671 | GEL|2LL | LOL A LL'L | 671 | -oeulejod ‘ejeydsoyd
-£-|0JO2A|D)
« « . . . . . . " " « . " . « | #{€:81D°1:81L0°0:91D)
90z | ¢z | ¥l |29V | €1€!80€ (226G |29C|¥9C|€6C SPG|LLY | LELL | VLY P6E OVL
" * * x " « N * % . % . * . .| #e810'Z:81D) OVl
20V 66C | StZi 29 (zZ0c |86l |8y |68 2re | 6 | Lve|L9e | LTl [ 19E|oLY




PCT/IB2013/051862

WO 2013/132467

50

vl | 22'L auljoyojApneydsoyd
«9L | €L . x « N « x suisobuiydsoiyd
Z¢ | 992|802 |veL|CeLELL
. . . . . . « | 9L} | oreaniAdiAusydAxoipAH-v
68V | YOE | 92°C | BSZ | €22 | LG°L | ¥SL
. x . N x| GO'L . x #(1:810)
9L’L | 20'L [ EEL BV L L)L €11l aujjoyojApneydsoydosi
VL * . X N . " * #(2:810'L:910)
LL'L (282|112 |62 | bEL | L2268 L aujoyojApiieydsoyd
plw | JW | gZw |plw | Jw | gZw | yLw | Jw ayjoqelaly
[ousydourwy lojyoseze)siy wizepuaqied
-d-A190y-N

‘g 9|qe] Ul papircid aie uoneuLIOU] [BUOIIPPE ‘(# Ulm pa)iew) sa)jogelaul
awos 104 (,) peyew ale (zZ'0 s anjea-d) sabueys uonejnbal-dn Juesyiub|s isyed sjew U] JapIOosSIp JSpIosIp pasnpul-|owe)saeld J10) SIaMB (7 8|del

P60 | 960 | 660 " . « | 660 . S| GLL VL PLL « 660 . 8509N|9)
€01 | 60°L | 221 UL Pl 9.0 G0’}

. % . " * N x % * " . x . N « | #Z:8LO'L8LD) Oova
81| 202 | 251|981 €91 |69 | ¥6'Z |26} |2SL | G682 |662|82C]| 180 |1ET|EVE




PCT/IB2013/051862

WO 2013/132467

51

jodeydooo | -eyde

12V | 12L ek €L | 8L 2L |80 LEL
x x " * « | B0°L « . #(Z2:810°0:810)
LZ'L | ¥2°1 | VGL | SSTL | T ZEL 1 LLL auloys|Apieydsoyd
«| GZ'L x « | PO'L x X L uonoely rejod
€571 ZS'L | 9L YAIR 2} ‘sjeydsoyd-g-jo1a0A|9
* " N x L « * " #(6:020'0:910D)
LZL | 8EL | L9 | YL 6¥'L | Z¥L | €L auljoyojAppeydsoyd
" « 1002 /€2 195L 221|685 | 901 #(1:810°0:81LD)




PCT/IB2013/051862

WO 2013/132467

52

. . . . . « 9802N|D
€1 |22V | S |28 1620 | ¥SL
. . « . * . pioe olusyjojued
PE'T | LLL | EYL | LGE | €2 | 92T
. . . " » . #(g'22D)
6SL | YL | 21 |62 | 61 | 651 |suweoueysiipieydsoydosi
* « | 807 * M x aSoUUB
Go'L | 2Tl €2 | veL | 2e't
" . . « " " ploe olusInuAyf
GE'E | €21 | ¥V | ¥0C | SL'S | 681
. . . " . " (elyL'1 1 8ls0:022)
6FL | LLL | G6L | Y2E | VP | £9'C | PloBOlUSoUrT-BWWES-OWOUIp
. . " . | «¥L #(z:810)
8S°L | 691 | ¥EL | €€l | 89 suloyoiipneydsoydosAi
. . . . « 27l #(5:020'0:910)
6L°L | BO'L [6BLL | L2 | VL auljoyolAplieydsoyd
" . . . . " #(1:81.0)
9’V | ¥G'L | LGL (22 [ 268 | PP aulloyo|ApiyeudsoydosA
" . . . . v pioe 01qI00sY
€21 |22V ¢ V1 | SSL |28 | ¥S)
. . . . . . SUIDAID
€0Z | 6L | 8671 [ S6'L |85 | 6L
gZW | plw | Jw | gZw | plw Jw ajljogejs iy
7oy L-AM ejelqyezag

'Q 8|qe) Ul papircid aie UonewIoU| [BUOIJIPPE ‘(# UlM paylew) sajljogelaul aulos
104 *(,) pasysew ate g s eneA-d) sebueyo uone|nBal-dn Jueolubis isjed ejew Ul Japlosip JeAll peonpul isiuobe eydie Hydd 10} siedely [ eg S1qe




PCT/IB2013/051862

WO 2013/132467

* . " " . « | #€0 ON usbojewseld suljoyn
26°0 | €50 [ 290 | ¥S'0 | €90 |6V0
" . * . . . (0:810) ploe oles}s
880 | LEO | ¥¥O |60 | SYO | ZKO
" " . . " , (0:222)
120 | ¥2°0 | 620 | 810 | Z€0 | 22'0 | sulwejoueyis|Apieydsoydosiy
. . . " . " (al6L'9L'EL'OL L VIsOigED)
800 | L0 |L20 |¥L0 [ST0 | S20 pioe ojousexsyesoao(
" * * . " . (0:020) pioe djouesodlg
€9'0 | 80 | 290 | 290 | 28970 | LSO
" " " . . . (pl¥L L1 8'sIs10:02D)
12’0 | €20 | ¥E0 | 620 | LE0 920 pioe DIUOPIYdBLY
" . . . . v #(0'810)
- €60 | ¥6'0 | 860 | 980 | S8°0 |6L0 suljoyolApneydsoydosA
L . . " . . « uofjoel)
/20 1E0 | ¥0 | 880 | 280 | 820 | pidy ‘ereydsoyd-z-joysou-oAw
« " " . . . |oi)saduwied
Z0 | €20 [LE0 | 120 | LE0 | ¥20
. . . . . . [SEET )
€€°0 880 | EF0 | EF0 |8V 0 | LED
gZW | plw | Jw | gzw | plw | Zw ajoqelen
erovL-AM ajeiqyezeg

‘g 9]q) Ul papIACId 24 UOHBLLIOUI [BUOHIPRE ‘(# UliM payleLl) sa)ljogelsu awos
104 *(,) paxew ase (170 s onjea-d) ssbueyo uone|nBal-umop Juediubig sjed o(ew Ul JBpIosIp JSAll paonpul 1s1ucbe eydie Yvdd 10} Siexie dg aiqel



PCT/IB2013/051862

WO 2013/132467

54

€0 | vO | S0 |20 (€80 |9E0 auioyolApieydsoyd
. . . . * . #(£:020'0:810)
960 | 9V'0 | 260 | 260 | 980 | 8¥0 sutjoyolApneydsoyd
% % % % % % auuydaueiaion
690 | 950 | 90 {80 | G0 | 90
" * " . " . auisobulyds-onyidis
L0 | ZE0 | 620 |EF0 | ¥0 | 6FO
. . . . " « | #20 ON uebojewse|d suljoyd
g0 | WO | ZF0 | 670 | 250 | 9¥0
. . " " " " sulsobulydg-oaiy
€20 | B6E0 I¥0 | G50 | 290 | 950
. . . . . « | Ppioe ojoueoepeldayjAuieN-91
¥Z'0 | ¥Z20 | €0 | 910 | G20 | 620
* . . . «| €60 ploe ojouedepEXSYIALYBIN-TL
£8°0 | /80 | Z8°0 | £€8°0 | 680
. . . . . . |019180)1S-8194
910 {¥Z0 | G20 | 20| €0 |¥20
" . . x . « | (LIG1Is1o:%zD) pioe 2lUOABN
Z50 190 Y50 | BEO [¥YO | ¥O
" " . . . . (0:22D) pioe oluayeg
8Z°0 | 8€°0 | S¥O | LSO | 850 | ¥¥O
. . . " * . #0:210)
¥#0 | €50 | 460 {9€°0 | 150 | 160 auljoyojApneydsoydosA
" . . . " . #(1:020°2:810)
GF'0 | 950 | 990 | 980 | 990 | S9°0 auijoyojAppeydsoyd
" . . . . . (0'2D) p1oe oLaooub
20 | ¥€0 | vr0 | PPO | ¥PO | ¥5°0




PCT/IB2013/051862

WO 2013/132467

55

#(0:910°L:81P) uaAwobulydg

G20 | €80 | 260 | 140 | €80 | 880
. " " « . " #20 ON aujjoysjApieydsoyd
170 | S90 | 890 | V0 | L£0 | SE0
. . " v v v auluibly
90 | ¥S0 | 950 | Z90 | 650 | S90
" " " x . . #70 ON euljoyojApieydsoyd
820 €20 680 |20 |S20 | €20
* " " " . * (clelL'gL'cL 0} ' Is0:gg0)
LL'O | 8L'0 [ 620 | LEO | 2970 | £V0 pioe ojousejusdesoso(
" . . . . . 01D swAzuso)
€90 | ¥S0 | LLO [8F0 | 850 | 9¥0
" . . " , , (0:210) pioe olouesspeldoH
L¥'0 | SP'0 | 290 | 250 | €80 | 690
. . « . « 1 280 | #10ON usbojewseld aujjouD
€60 | 190 | 280 | 680 | 280
* * * * . . (0:91.0) pioe ofjiwedos|
ZE0 | SE0 |9Y0 | L0 | €50 | €90
. . . . " % #(1:81p)
20 |8c0 620 VO |LVO | VO auisobulydsiAyIoN-0O-6
. . . " " * ploe slouesspeisolAUN-£ L
2Z'0 | 220 | 920 | L0 (V20 |¥20
" . . . . " (:020'810)
G0 | G9°0 | BSO | LGS0 | SO |0 uebojewseid suljoyd
. . . . . * #(1:81P)
GZ'0 | 9€°0 | 620 |60 | VPO | 8F0 suisobuydsiApisN-O-¢€
. . " " « « #9:220'0:810)




PCT/IB2013/051862

WO 2013/132467

56

10'L " «| 8L . . #0:910'0:910)
ZZL | vt Ll | LLL auljoyolApeydsoyd
90°'L ¥ * . « | 60°L #5:020'0:91.0)
UL L2000 | L | €L auljoyojApieydsoyd
gZw | plw | Jw| gZw | plw | /W aljogelo |y
aleg| apLIoIYyo
-ew auoze)Bisoy | -oupAy auozeybold

‘g 9|gel Ul peplacid ale uoneLuiojul [eUCIIPPE ‘(# Ylim payJelu) Sa}ljogelaw
awos Jod *(,) pexjew ale |0 s anea-d) sebueys uonenbal-dn jueoyublg ‘syel sjew ul Jeplosip peonpul isiuobe ewweb Yydd Jol siedie ey ajqe

x x N N X “ auljoldAXoIpAH-y-suel)
Zr’0 160 [ 190 | 220 |80 | LLO

* " . «| 780 " 8uUISOJAD
12’0 | 69°0 | ¥20 | 620 63870

" . " + «| G0 sulydsuelo
90 | €20 | 680 | S50 | ¥V O

" " " , . « | #(0:9102:81p) UlpAWoBuyds
620 | ¥0 |250 |6V0 |490 |20

. , . . . . (0:£20D) pIOE DIOUESOOL |
Ze0 | 820 | L¥0 | ¥SO (220 | SO

. . . «| 820 . #(7:020°'0'810)
2l0 | 890 | 40 [SL0 8.0 auljoydApneydsoud

« 1 980 » M M N [oJaydoso] -eyde
€50 L2'O | $9°0 | 220 | SL0




PCT/IB2013/051862

57

* % * * * * sutuely
880 | €80 | 840 | 990 | 90 | 180
* * * * * * auioid
€60 | 88°0 |68°0 | 280 | 280 | 890
* * * * x| ¥6°0 [ulonB|0s|
8.0 [ ¢L0 L0 | €80 | 980
* * * * % % SUIEA
¥8'0 | ¥L'0 | L0 80 | 98°0 | 680
. N « « « | B6°0 {sejeydsoyd olueblio
690 | 99°0 | 9.0 | 28°0 | €80 pue sjuebiour) ejeydsoyd
* * * * +| 9870 auIsAT
98°0 [ LL0 1840 [ 680 | ¥8°0
. . «| 2680 . . #(9:220'0:810)
¥8°0 60 | L8°0 980 | £€8°0 autjoyolAplreydsoyd
* * * * * * sulucalyl
480 [ ¥L0 | ¥2°0 | 980 | ¥8°0 | €870
* * * * * * BUILUIO
8.0 | 98°0 | 680 [ €80 | ¥8°0 60
. . . " " . | (oleL'9L'eL’0L 2 '¥Is0:220)
€80 | 99°0 | LSO L0 1 1LL0 1 9L0 ploe Jlouaexayesodod
gcuw | pLu W ggw | pLw yAYY aloqeIsiy
aje9| apuUoIYo
-eul suozelbisoy | -0ipAy esuozeyboid

WO 2013/132467

'g 9]ge) Ul peplAold ale UoIjBWIoUE |EUORIPPE ‘(# LM pa)Jelw) sajijoge}all swos
Jo4 *(,) paytew are L0 s anjea-d) sabueys uopenbal-umop JUBSHIUBIS 'S1BJ 9jBW Ul JBPIOSIP pasnpul 1siucBe ewwel Yy dd 10} siaxiel df s|gel



PCT/IB2013/051862

WO 2013/132467

58

aulueEjAUBUd

180 | ¥8°0 | G8°0 | 28°0 | 60
. " . . | 260 auioNne"
8/°0 | 990 | vL0 | L0 | €80 .
« | 640 * * | 9670 aulnaIo
98'0 880 | ¥8°0 | 60




PCT/IB2013/051862

WO 2013/132467

59

19Ip 8y} Ul aInyXiw 1oIp syl ut wdd 000°0Z | 2-80-62L.9 piejese0I0|Y(jALiaW|A-| lo|yaezeio|y
-jozesAd)-N-([AusudiAyowip-9°z)-N
JoIp 8y} uj sunixiw Jeip ayj ul widd 000°C | #-2G-1966¥ 1 aplweleoe(|Ajo} ugossAxowiq
-0-{AX0JAIAX-G Z)-.Ld 2]
-Z-Ayyeru-N-(ouwiAxotiew)-z-(3)
191p 8y Ui anyxjw JoIp 8y} ul wdd 00'S Z-Z1-89 Bu apiwelulofAyiawiq
19IPp 8L} U1 aanjxjw (uo 4 Aep woy) 38lp | /-12-S0901 12189 |Ajew proe wizepusqien
e ut wdd gpo‘0L (9010 olwlojoUlULR|A-Z-|0ZepIoZusg-H 1
sAep) 10lp au3 Ul wdd 00005
mq mvSE g SUInjoA uoliedlsi afieneh 0-/9-6981LT7 eu ajeuqiezag
-Ulipe (0000£490 @S0lAL) SIND Aq yBrom Apoq By/Bw 09
9,60 Buiuiejuoos 1a3em BupjuUp ul
181p 8} U alnxiw 191p 8y Ul widd ppo'oL #-06-2.8 uopijolAdiAurBN-N uopliouAd-z-[AUloIN- |
s|ielaqg paJssisiulupe abesog ou SY9 WAUOUAS punodwon)
S

Buisop pue spunodwod ¢ sjge |



PCT/IB2013/051862

WO 2013/132467

60

181p au} Ui sunjxiu wdd 000°}L | #-£2-2680% pioe opsoeolyyAuIpiLUlIAd ErOrL-AM
-Z-(ouIpllAX-€'2)-9-0J01yD-¥
Mq By/Il Q] :8WNJOA LOIEJ)SI aben | 0-6Z-L¥1GG1 BU ales|ew auoze)l|bisoy
~uipe (0000edD 9s0lAL) DIND | -eb Aq 1yBlem Apoq By/bw g
94,60 Buiuejuos Jayem BupuLp ul
mg By/jL oL BLN[oA uoneAs abeaeb | +-G1-62GZ11 S010Y | epuojyosolphy auozeybold
-ujwipe (0000€80 @s0lA1) OWND | Ad yblem Apog By/Bw 0oy
0260 Bulurejuoo Jsyem Bupuup Ul
wbBiam Apog By/jw 0L :9WIN|OA abeaeh Z-06-€01 [olwiejeoeie [ousydouiwny-d-|A190y-N

uonensiuipe “3sapiq enbe Ul

Ag 1yBram Apoq By/6w 00S°|L




PCT/IB2013/051862

WO 2013/132467

61

(6°0 -/+) 8'89/ S| soads oluo| pabieys Ajealisad auj jo (z/w) onel abieys
-0)-ssewt :Anpwodoads ssew (jgg) uoljeziuol Aeids-on09s BuiAdde 'QN/DT Ylim pelosisp usym s81o
-ads 21uol 2nsuejoRIEYD BUIMOIj0) 841 SHqIYXe ) ‘suabolewseld suljoys jo ssejo sy} o} sBuojeqg ajljogels|y

0 ON usbojewise(d sujjoyn

(g'0 -/+) L9/ sI s810ads oiuol pableys Ajlaaiisod ay) Jo (z/w) onel abieyo
-0)-SSBW :Ajowolioads ssew (1S3) uoneziuo) Aesds-onoe@ Buldidde ‘SW/DT UNM pajosiap usym selo
-ads 21U0l osMSIoRIBYD BUIMO||0) B} SHAIUXD ) "suabolewse|d sujjoyo jo ssepo ay) o] sbuojeq ajljogeisiy

Z0 ON usBojewseld suljoyn

‘(5°0 -/+) 922/ S sawads ojuo| pabieyo Apansod sy jo (z/w) onjes sbieyo
-0]-ssew Anjpulonoads ssew (193) uoieziuol Aeids-onosje BuilAidde ‘SN/DT UM pPejosiap usym S8|0
-ads 2|u0l ol3sLeoBIEYS BUIMOli0) @y3 sHqIyxa )| ‘susbBolewse|d auloys Jo sseo ay) 0] sbuojeqg ajjogeie

L0 ON usbojewse|d suloysn

(0 -/+) Z'69¢ 1 so1oads oluol pablieys Aj@ajisod ayi jo (Z/w) onel
abieyo-0}-sseLl (Aljawiojoads ssew (]g3) uoneziuo| Aeids-o0a108(9 Buidjdde ‘SIN/DT Ylim pejoslep usym
sepads 2Iuo| islIIeIRYD BUIMO|[0) B4} SHAIUXS }| "SI91S8|049)$3|0d Jo SSB|o a8y} 0} sBuojaq sjljogelay

L0 ON J8188j0l9)88l0UD

: (1)

Zvv '(¥) SSE ‘(¥1) ¥GE (6L) 15T '(PE) €4 (00L) 0SZ (%) Z/w (A8 0L '|3) SIN :PllelsoeloniLAls|AL oL
-N-AUIRW-N yim Apusnbasgns pue suiplAd ul puojyooipAy-suiwe|AXoIpAyAUIBW-O %Z Ulim Uones!
-JeALIap pUe sISA|oUBYJaW DIpIoe aye ‘Aljdwosoads ssew uoneziuol (13) 1oedun uonpad Bulidde 'SINMDD
UnMm pajoalep usym sjuswbel; ouol ansieeleyd Bumolio) sy suaiyxs (181 p) suisobuiydsiAyioN-0-G

(1:81p) suisobulydsiAyie -0~

(1)

Zhy (b)) ¥Se (L) 90z ‘(91) 50z “(81) €4 '(001) ¥0Z (%) /W [{AD 0L '12) S :piuelsdelonIAlIsIAUawLY
-N-Augisw-N yim Ajjusnbasans pue sulpliAd ul puojysolpAy-auiig|AXoIpAYIAYIBW-O %7Z Yiim uoles)
-JBALIBP pUB SISAjouByIaLW JIpioe Joye ‘Anawonoeds ssew uopeziuol (|3) 1oedw uonosie Bulkjdde ‘SIN/OD
UIM pojoolep usym sjuewbely oiuo| oisisioriRyD Buimolo) ey siqiuxe (1:81p) sulsobulydsiAyieiN-O-¢

(1:gLp) suisobulydsjAylsiN-O-¢

uonduosap pue (SN-09) waped uonejuswubeiy

ajllcgeRN

‘sanadoid jearsAyd pue [eolwayo Aq Uiy pazuejorleD sl siayiewolq ssay | "saiheue paos|as Jo saipedoid feoisAydyieoiwsyd g ajge L




PCT/IB2013/051862

WO 2013/132467

62

(eq g0 -/+) BQ ¥ ZHS St s8i0ads ojuol pabieys Ajpalisod auj jo (z/w) onel abieys-oj-ssew ayy ‘Anewoy
-neds ssew (|S3) uoneziuol Aeids-oujo9|e BuiAidde 'S/ yim pajoalep J| “Hun poe Ajje) Z:g10 e Bujule)
-u09o sauljoysjAioydsoydola-oA|BosA] jo Jejaweled wns sy} sjuesaudal (Z:g1 D) suloyolApieydsoydosAT

(2:810)
suljoyoipneydsoydosi

(leq g0 -/+) BQ Z'ZZS 1 seads ojuo) pabieys Alpamisod sy jo (z/w) onel sbieys-c)-ssewl sy} ‘Ajawiod)
-0ads ssew (|$3) uoieziuol Azids-oios|e Bulfidde ‘SW/OT Uiim peiosisp | uun pioe Aje) |:g10 e Bujuie)
-uo9 ssuljoyoifioydsoydoleok|BosA] Jo Jsjewel-ed wns ay) sjuasaidal (1:810) suijoyd|ApieydsoydosAT

(1:810)
auroyojApneydsoydosAii

(BQ §°0 -/+) BQ 9'9%G S! seeds ojuot pabieys Apanisod ay; Jo (z/W) onel sbleyo-0i-ssew sy ‘Aljauwiol)
-nads ssew (|g3) uoneziuol Aeids-oa0se Buikidde ‘SN/OT UNM pajoaap J| "LuNn pioe Ajje) 0:gL 0 & Bulue)
-u09 sauljoysiAloydsoydolank|BosA| jo Jajewel-ed wns ay} sjuasaldal (0:81.0D) sulloyajApneydsoydosi

(0:810)
asuljoyojApneydsoydosi

(eq g'0 -/+) BQ +°01G S! senads oiuol pabieyo Ajpanisod sy jo (z/w) oljel abieyo-0)-ssew ey ‘Answio
-oads ssew (]g3) uoneziuol Aeids-onosie Buifidde ‘SN UM paloalep J| ‘Hun poe Anej g: 21D e Buiule)
-uo9 sauljoyo[Aloydsoydolaok|BosA] Jo Jejeweled wns sy} sjussaidal (0:21 D) auljoyolApieydsoydosA

(0:£10)
auljoyosjApiieydsoydosAi

‘uonjoely pidi| e pue Jejod e oju] 10B4IXS U} Jo uoljesedss
pue uonoenxs Jaye uonoel) pidi auy uf Juesald Bulaq pue Ajsiow jeydsoyd-¢-|01e0A4|6 e Jo ajeydsoyd
-Z-10480A|6 & Bululejuoo sayjoqe}awl Jo Jsjeweled wns ayj syussaidel uonoel) pidy ‘ereydsoyd j01824|D

uofp
-oel) pidy| ‘eyeydsoyd (0192419

(2) vze (1) 80z (8) 8¢1 '(8) 25| (6) 052 ‘(Z1) ¥21 “(€1) €62 ‘(€1) 26T '(0Z) 0L

"(Gt) 26 (€S) 2 (¥S) €8 (28} LY (G2) 69 (001) GG (%) Z/wi :(AS 0L 'I1F) SN :PiueleeIonLIASIALB WL
-N-IAgieW-N s Apuanbssans pue suipliAd ul puoju20ipAy-sulue|AxoipAylAgIsW-O %Z Yim
uONBSIIBALISP PUB SISAjouByjaw JIpIoe Jaye ‘Aljawoloads ssew ucljeziuol (|3) yoedull uodsie BulAidde
‘SIN/OD UM palasisp uaym sjuswiBely o1uo| ofsusloeIeyd Buimol|o) sy} sHaiuxe (1:020) pioe 2lousesool]

Z0
ON (1:020) PIoe DjousesooI]

(e g0 -/+)eq 9'Ly9
si sa1pads pasiuol ayy o (Z/w) onel abieys-0)-ssew sy jun ploe Aje Z:g10 B pue Jun pioe Ajje} (gL
e JO UonEeUIquod 8y Butuieluos sjolaoAiBlAoelp jo Jaleweled wns ay) syussaidal (Z:g1LD°L:8LD) Ova

(Z:810°1:810) Ovd




PCT/IB2013/051862

WO 2013/132467

63

-1sod ey Jo (z/w) onea abieyo-ol-ssew Aljewodjoads ssew (1g3) uoneziuol Aeids-olyos|e Buldidde ‘gN/O7
UM pojoslep Usum saloads oluol olstajorieyd Bumoiio) Ul SHAIYXe (£:020°0:81.0) auljoydiApieydsoyd

(€:020'0:810)
aulfoyojApheydsoyd

'(eq@ S°0 -/+) e 9'98. ! $9198dS OJUO|
pabieys Ajpanisod ayj o (z/wW) onel abieyo-0)-ssew suy) ‘Aswonoads sseuw (|$3) uoneziuo] Aeids-o409|@
BuiAidde ‘SN/OT UNM Pajoslap Jf Iun poe Ajle) 2:81.0 B PUB Jun pioe Aljey (181D € Jo uoeulquios au) Bul
-ulejLos ssuljoyojAloydsoudolsokB jo tejewedled wns ayy syuesaldal (Z:810 ‘0:810) euljoydiAppeydsoyd

(2:810'0:'81L0)
suljoyoiApeydsoyd

"(e@ §°0 -/+) BQ 9'88. S! s808ds Djuol
pabieyo Ajeagisod auy o (z/w) oned abieyo-oj-ssew sy} ‘Anjawonodeds ssew (]S3) uoleziuol Aeids-0003}9
BuiAidde ‘Si/DT Yim pejoslep §i Nun pioe Aje) 1:gLD B pUB JuUn pioe Aje} 0810 E Jo uoheuiguuod ay) bul
-urejuoD sauljoydlAioydsoydolsasi|b jo Jejyeweled wns ay sjussaldal (1:g1D '0:810) eulloydlApeydsoud

(L:81L0'0:81LD)
auljoyolApheydsoud

“(eQ '0 -/+) BQ 8'9G/ S| s819ads dlu0l
pabieys Ajpaisod ayj 4o (z/w) onel ebieys-cl-ssew su) ‘Answioloads ssew (1$3) uoneziuol Aeids-01100)9
Buik|dde ‘Sp/OT UNMm Pajosiap J| Jun poe Ajle) 2:81.0 B PUB JIUN pIoe ANEY L1910 € Jo Uoeulguiod auy) Bul
-ulgjuod sauloysjiioydsoydols-oAlB Jo Jejeweled wns ayy siussaidal (Z:81D ‘1:91D) auloys|Apneydsoyd

(2:8LD'L:91D)
suljoyojApneydsoyd

(g0 -/+) 8°08. S! saads ool pablieyo Ajgay
-isod sy Jo (z/w) onel ob.eys-0)-ssell Aewo.oads ssew (|S3) uoneziuol Aeids-ososie Buldidde ‘SIN/OT
UIMm pajoalep Usym seloads o1uol opsualdrIByd BUimojio) 8y} sHqyxe (§:020'0:910) auljoydlApieydsoyd

(5:0200:91.0)
aulloyolApneydsoyd

(eq §'0 -/+) BA 8'¥EL S| s910ads
pasILOI U] Jo (z/W) onel ableyd-0}-Ssew dy | ‘Sjun ploe Ajej 01910 OM) JO JO UONBUIGLIOD ay) eyl Bul
-ujeluoo sauljoyolAioydsoydoieoilB jo Jereweled wns ay) syussaldal (09 1D/0:910) suljoyojApieydsoud

(0:91D'0:91LD)
aulloyolApneydsoyd

(g'0 -/+) 2°8Z¢G SI soads oluol pabieys Ajgallisod
ay) Jo (z/w) ones sbieyd-0}-ssew :Ajswoljoads ssew (153) uoneziuol Aeids-al)as(e BuiAidde ‘SIN/DT yum
pojoslep Uaym saioads o1uUo| oljsHejoeleys BUIMo)|o) sy) SIAIYxe (G:2gD) sulwejoueyiApneydsoydosi

(5:220)
aueoueylaiApneydsoydosAT

(BQ §°0 -/+) BA ¥'1bS ! sewads ojuol pablreys Ajpainsod auy) jo (z/w) ojjel abieyo-ol-ssew auy) ‘Anawos
-oads ssew {]S3) uoneziuol Aeids-oss(e Bulkjdde ‘SIN/DT Yim pajosiep J| iun pioe Ajje; :0z0 & Buluie)
-u0o sauljoyspiioydsoydoisak|BosA; jo Jejowel-ed wns sy} siussaidal ((:020) suoyolApeydsoydosAT

(#:020)
auloyolApueydsoydosATy




PCT/IB2013/051862

WO 2013/132467

64

‘(50 -/+) 8'108 s! senads ojuo| pabieyo Ajeay
-1sod 8y} Jo (z/w) ones ableyo-ol-ssew Aljawonnads ssew ((g3) uoieziuol Aeids-oujos|e BulAidde ‘SO
Ulim paloajep usym se1oads Jjuol oisiUeioeIeyd Buimo| o) oy} sHiglyxe (0:£zZ0°L:81Lp) uleAwobulyds

(0:£22°1:81p) ulpAwobuiyds

(60 ~/+) 8'96/ Sl sa10ads ool pabieya AjpAsod auyi jo (z/w) onel ableyo
-0)-sseW :Apwodoads ssew (1§3) uoneziuol Aeids-oao91e BulAidde ‘gSIN/DT Yyim pejosiep usym seioads
21UO| ansLIBRIRYD Buimolor ay) sigiyxa 3| “sauljoyosoydsoydolss|b Jo sselo ay) o) sbuojag snjogeian

0 ON aulioys[Apneydsoyd

(g°Q -/+) £°808 S| selpads oiuol pabieys Aaanisod ay) jo (z/w) oned abreyo
-0)-ssew :Aijawoljoads ssew (153) uoneziuo Aeids-oaas1e BuiAidde ‘SN/DT Uim pajoslap usym soloads
21UOI ansleRIRYY Buimo||ol syl sHgiyxa }| “sauloydsoydsoydossdAlb Jo ssejo eyl o) sbuojaq ajljogelai

Z0 ON auljoyojApneydsoyd

‘(8@ §°0 -/+) BQ 9908 s! ssoads
pasiuol syj Jo {Z/w) ones obieys-01-ssew sy * Jun pioe A)jel £:0ZD B PUE JIun pioe Ape; Z2:gLD e Jo uojeu
-1qUIOS 8L} 40 Jiun pioe Ajje) 9:ZZ0 e pue Jun pioe Ajej 0:910 € Jo Uojeuiquiod ay) Jayys Builiejuod saulf
-oyojAioydsoydolaoA|B jo Jeleweled wns au} sjuasalidal (#:020/Z:81D 9:222/0:910) auljoysjApieydsoyd

(7:020°2:810)
auloydjApiieydsoud

(e G0 -/+) BQ 9’8, SI S8wads pasiuol auj Jo (z/w) oljel
abJeyo-0}-sSBW S| Jun pioe Ajel Z:g1 D B pue Jun pioe Aje} 1:gL 0 e Jo uoneulquiod ayy Sujuiejuoo saulj
-oygjAioydsoydotaah|B jo Jejeweled wns sy sjuasaidal (Z:810/1:810 £:020/0:910) sulloydApneudsoyd

(2:8L0'1L:81L0)
auljoyolApieydsoyd

(A G'0 -/+) BQ 8'1£8 SI s81vads dUol
pebieyo Ajeasod sy Jo (z/w) ones ableys-oj-ssew ay} ‘Alouwonoeds ssew (]g3) ueneziuol Aeids-onose
Buifidde 'SIN/OT WM pelosiep 4| iun pioe Ajjey 9:2g0 e pue jJun pioe Ajje} 03¢0 B Jo uopeuiquiod ay) bu
-urejuoo sauljoyojAioydsoydoisoAlb Jo Jejewered wns oy} sjussaldal (9:2z20 '0:810) auljoydApineydsoyd

(9:Z2D'0:8L0)
auloyojApieydsoyd

"(eQ 5°0 -/+) Q 8'018 S| s8wads djuo
pabieys ApAnsod auj jo (z/w) onel ableyd-0)-ssew oy} ‘Answodioads ssew (1$3) uoheziuol Aelds-oao8e
BulAldde ‘SO Unm pajosiep 4 Hun pioe Ay £:020 B pue Jun pioe AjE} 0:810 € JO uoneuigwies ayj Bul
-UIgjuoo saujjoyojAioydsoydosaci|b jo Jejeweled wns sy syuasaldal (1:020 ‘0:810) |uloysApieydsoyd

(#:022'0:810)
suljoudlApneydsoyd

{670 -/+) 9°ZLg I saads oiuol pablieyd Aj9Al)




PCT/IB2013/051862

WO 2013/132467

65

(G0 -/+) 9°'L09 sI sapads ojuol pabieys APl

-1sod ay} Jo (z/w) onel ebleyo-ol-ssew :Answoloads ssew (|g3) uoneziuo] Aeuds-oape|e buifidde ‘SIN/OT
yjim pajoslap usym sa10ads 21uol ansiaioeIeyD BUuIMO||0) U} S)IqIUXe 3| “Jun pIoe Aje) 2:810 e pue

jun ploe Ajes 1:810 B J0 uoneuiqiuod ay) Buiuieiuoo sepuaok|BlAcels Jo wns sy} sjuasaldal ajjogelsiy

(Z'81D'1:81LD) OVl

(G 0 ~/+) 9°'G/G S| sal0ads 21Uol pableyd Ajsan

-1sod sy Jo (z/w) ones abieys-o}-ssew :Ajewonoads ssew (1S3) uoneziuo| Aelds-0408|8 Bulf|dde ‘SN/OT
Yum pajosiep usym sainads a1uo| sisialoeieyd BuiMolio) 8y} SHaIyxe 3| “Hun pioe Ajjey z:g10 e pue

Hun proe Ayel 091D e Jo uojjeulquod ay) Bujuieiuod sapliedAifbiAoel Jo wns sy} sjuasaidad ajlodeisi

(2:810'0:910) OVL

(60 -/+) 9'568 I sa1ads oluot pabieyd
Alaaisod ayy Jo (z/w) oned sbleyo-o}-ssew :Aawodpads ssew (|53) uoneziuol Aedds-oayosie Huihidde
‘SW/OT UM perosiep LUisym s8109ds DJUO| DlsHsioRIeyD Buimollo) au sqiyxe (£:810°1:810°0:910) DV.L

(€:810°1:810°0:910) OVL

(570 -/+) 9'6¥%S SI sa1098ds oju0l pabieyo ApAl

-isod aU) Jo (z/w) onel abieyo-c)-ssew Ajewolioads ssew (|S3) uoneziuol Aeids-0u18|9 Buididde ‘SN0
UUM pajoalep uaym sainads ojuol JsLjorIeyd BUIMO|0) 9} SHAIUXS }| "Hun pioe Ape} L:gL0 e pue

Hun poe Apes 0:910 B Jo uoneuiquiod ay) Buluiejuod sepliedA|BiAdel) Jo wns auy) sjuasaldal a)jjogele

(1:91D'0:910) OVL

(g0 ~/+) 8'6Z2 S| sainads oluol palieys AjAl
-1sod ay} Jo {(z/w) oljes ableyo-0)-ssewl :Aljpulcnoads ssew (1S3) uoneziuol Aeids-onoae Bulh|dde ‘SIN/OT
LM pajosiap uaym satoads ojuo] onsuejoeleyd Buimoyo) eyl suqiyxa (0:81.0°z:8Lp) uljeAwobuiyds

(0:810'Z:81LP) WsAwobulyds

(60 -/+) 9°'cz/ sl sewads ojuol pabieys Ajdal
-1sod a8y Jo (z/w) one! ableyd-0)-ssew :Alswodioads ssew (187) uoneziuol Aelds-odjoe(e Buldjdde ‘Sin/O1
Y)IM po1oolap usym so10ads DIuol onsLajorieyd Buimoliod syl sHaiuxs (0:910'2:81p) uljlsAwobulydsg

(0:910°Z:81p) uaAwobulydg

(8@ G0 -/+) BQ 8'GLE SI saads

a1uol pabreys Asanisod eyl 1o (z/w) onel ableys-o}-ssew oy ‘Aljswodioads ssew (1S3) uoneziuol Aelds
-o5j08|9 BuiAjdde 'SIN/OT Upm peyoelep § Hun pioe Apej 0:4ZD € pue Jun eseq uieya-buol L:gLp e Jo uol
-BUIqLUIOD 8y} Buiuieiuoo suijeAwobuiyds Jo Joyeuel-ed wns auy) syuasaldal (0:¢20 ‘1:gLp) uleAwobulyds

(072D 1L:g1Lp) upAwobulyds




PCT/IB2013/051862

WO 2013/132467

66

(g'0 ~/+) 9°¢Sg S saads ool pableys Ajgaiyisod sy} Jo (z/w) onel
aBureys-0)-ssew Allowoloeds ssew (1g93) uoneziuo) Aeids-oai09ie Bulkdde ‘G0 UuIm pajosiep usym
salnads 0juol djsueIoRIEYD BUIMO||0) Y3 SHIqIUXa }| "sepuadA|BlAoel) jo ssejo 8y} o) sbuojaq ajjogeion

L0 ON OV1

(S0 -/+) 06 S| sopads ouo) pabreyo Apanisod auy) jo (zjw) onel
abieys-0j-ssewl Alewonoads ssew (|g3) uoeziuol Aelds-04108(9 BulAldde ‘SIN/DT Uitm pajoslap usym
seoads o1UO] onsueioeIeyD Buimo||ol 8y} sIgIyxa 1} ‘sapladAiBlAceL) Jo ssejo sy 0} sbuojeg ajljogels iy

650 ON OVL

{(6°0 -/+) 9'6.8 SI sa1vads aluo| pabieys Ajgasod ayy Jo (z/w) onel
ofieyo-o)-ssewl :Aljpulcnoads ssew (|S3) uoneziuol Aeads-outoole BulAjdde ‘'SIN/DT Yum pe1osisp uaum
saipads olUol DlIsUBIORIBYD BUIMO|0) 84 SHaIUXa }| "sopledAiBiAoeL Jo sselo ayj 0] sBuojaqg sijogqelsiy

S0 ON OV.L

(670 -/+) 9669 ! se10ads oijuol pabieys Ajpalisod ayj Jo (z/w) ojed
ab.eyo-01-sseW :Answoloads ssew ([S3) uoieziuo| Aeids-osos|a Buididde ‘SIN/OT Ylim pajosiap usym
sa109ds 21Uol ansKaBIEYD BUIMO||0) B} S)gIYxe 1] "sapuaok|BiAoen) Jo sseio ay) o) sbuojeq sjljogelay

¢0ON OV1

(5'0 -/+) 921G SI saj0ads 2iuo| pabieys Ajlsasod ayy Jo (z/w) oned
afleyo-0)-ssewl Anpioljoads ssew (|S3) uoneziuol Aeids-onoee BuiAidde ‘SN/OT Yim pejoslap usym
sarads oluoj olisiIaRRIEYY BuIMmo|o) By} sHaiyxe 3| "sepledA|BlAoeL) Jo ssejo ayj 0} sBuojag sjogels |y

IO ON OVL

(g0 -/+) 9'009 S! se10ads ojuol pabieys Ajpansod ay) Jo (z/w) onel
afieyo-01-ssew Aljewosjoads ssew (jg3) uoneziuol Aeids-onos|e Bulfidde ‘S/DT Yiim pajosiep usym
se10ads oluol ansuaioeleyD BuImo(o) 8y} SHQIYXD 1} “sepluaoAiBiAoet jo ssejo au) o) sBuolaq alljogelely

Quawbeif-9yq) oVl

(G0 -/+) 9°265 $1 so1vads otuo| pabireyd AjeAl

-1s0d auj Jo (z/W) onel abieyo-0)-ssew Answondads ssew (]S3) uoneziuol Aesds-oaosie Buididde 'SN/DT

UM polos)ap Uaym seioads ojuol onsueoeIEyD BUuImo||o) SU} SHAIUXa )| “Hun pioe Ajje) €:810 e pue
Hun pioe Aje) z:g10 e Jo uopeuiquioo ay) Bujuieiuod sapliadk|biAoel) jo wins sy sjussaidal ayljogelsiy

{€:810°2:810) oVl

(6°0 -/+) 9'66G S saioads ojuol pafiieyd Ajoal

-1sod sy jo (z/w) onel sbleys-o)-ssell (Ansulondads ssew (1853) uoyeziuol Aeids-onos|s BulA|dde ‘SO

Uim pajodlap usym soinads J1uo! onsiIiejoeleyd Buimo|of auj SHQIYXa )| “HUn pioe Alje) Z:810 B pue
uun poe Alje) Z:g10 € 10 LoljeLIquIo? oy} Buiuiejued sapladAiBblAoel jo wns ay) sjussaidal ajjogelejy

(Z:81D'2:810) Ovl




PCT/IB2013/051862

67

580 80 +92'0 «18°0 .G9'0 950 .GL'0 L0£'0 «820 180 «1'0 b0 -neind) Guewbeld-ova) (6:2+0) OVL
«28'0 88°0 «6'0 «18°0 «P8'0 «88'0 GB'0 «£8'0 «L9°0 «£4'0 L08'0 4£1°0 {:020) auljoudiApieydsoydosAi
«26'0 96'0 «86'0 £1B0 £96'0 260 160 B8O 920 «08'0 «£6'0 080 (:0zZ0) aulousjApieydsoydosi
€90 820 080 «£20 £L20 ZB'O «BL0 590 «L9°0 «Z8'0 «E£1°0 680 aUION8|0}OY
«88°0  .G8'0 4910 «F9'0 +98°0 .98'0 96'0 +LB'0 040 ¥8'0 4180 610 l1oesn
€40 «P9'0 «08'0 4680 260 .08°0 12} 4ES'0 L0200 970 «£¥0 YN PIOE DI0UBDSBPBIOOIAYIBIN-/ |
BI0 G20 «ZL0 #8200 16'0 L£L°0 B0l LBE'0 620 «6Z'0 «L£0 YN pioe ojoueospeldaylALpsN-gl
650 08'0 +G9'0 090 «69'0 160 ¥} «LF'0 020 «5¥'0 V0 VWN (L[ls10:91.0) proe opjoNwied

szi)  vu| 4] sa| vu| 4] sal vu| 4| sz vu| 4 punodwo)
apLo|yo usyxowe | [olpelSalAUALLT [olpelissjAuAylg
-0IpAH suRioe)e | -eyde-£ L -eydie-; |

‘g 2|gel W papiacld ag Aell UOHELLIOUI [BUOIIPPE ‘S8}j0ge]
-8l awWos 1o (.} paylew ale Z'0 s anjea-d) sebBueyo uopenBal-umop JuedIUBIS (Sjel 8BS} Ul JIOPIOSIP Paonpul ISIUOBE YXd J0} SiedJen g/ s|get

auUISOIAAXOUIOIN-C
(£:8102'8LDL:8LD) OVL
(Z:810'Z'810) OVl

81} LCF Q0L K8E'L «19'L LO9T'L LT L8E'L KL €T 651 GO'L
8Z'L OF'L «9L°L 8L .96'C «82'C 029 +LL'C €L'L «ZG°L «G9°C «Z§')
FL) BV 3L (02T «¥8'T £1T'C £98'C LB6EC GP'lL .86'L L9L°C G8')

621 P KZGL <L LE9TL LBZTL L0'L L0ETL LGTL LZ9'L LG9 L8L°L [OHIAX
LTl L1 S0€°L 86°0 «S0'L LLL'L «IE'L 00T «BV') L8E'L LIE')L LL2'L suuoaly |
gz | viyp 4| szl vu| 4 szl vu| 4] sz wvu| U4 punodwos
apUo[YD Uajixowe | [olIpensalAuUALT |joipesajAuAlgg
-0JpAH aujjoAoene | -eydie-21 ~eydje-/1

WO 2013/132467

_ ‘g 8]ge) Ui papiAcid ag ABLW UOELIOL] [BUOHIPPE ‘S8)1j0qe)
-l 8wWos o4 *(,) paxiew ale z'0 s anjea-d) sebueyo uonenBal-dn jueoyubis (sjel ajews) Ul Joplosip paonpu isiuobe yxd Jo) sioye (B o|qe]



PCT/IB2013/051862

68

+L2'0 492°0 +6E0
BE0 48E°0 +LF'0
B¥'0 «EE€0 40E'0
020 48E°0 0€0

€80 «0L°0 120
«2L'0 «99'0 €90
+LE'0 «85'0 €0
0€'0 «EV'0 .9€0

€0 «EF'0 «LG°0
«19°0 £09'0 G690
+GG'0 APL'0 650
+£4'0 4€8°0 462°0

65’0 «£¥'0 AP0
19'0 L0t'0 810

+8G'0 «BED «¥L'O

69'0 «PS'0 8L°0

(16]s10:91.0) ploe dlsjoLed
{(0:71D) proe onsuUAN
joloisadwen

|0J8)S0)IS-Blag

ggw | plw| sw

gow/| prw| Jw

gow| prw| Jw

gew| plw Jw

punoduon

lotpensalAuAn3
-eydie-2]

splojyool
-pAH aulpAoenal

usjIxowle |

[olpensajAuAul3
-eydre-/1

0T «L1'T #1671
LGl LZET «CE'L
B2°1 «€E'L 9T'L
ST SOV FTL

"g 8|qe) ul paplacid g AW UOBUWLIOI [EUOHIPPE ‘S8}j0ge)

9L WFEL «LL'L JBETL SLEL LLLTL £20'T 42871 «£5°)
SGLL 460 «LS°L SPET LPLL L09°)
UL G2 LU SBLTL K0SL KZE'L
0L'L 2L 96°0 PP L «£V'L «2E'L

981 911 .b0'L
921 L0L°L 5801
s8C°1 «1L°L L0Z°1

-all 8Wos 104 *(,} paxlew ale Z'g s anjea-d) sebueyd uonenbal-umop JUBSHUBIS 'sjed 8jew Ul JepIosip peonpul siuobe yXd 10} sioxiepy (p/ digel

BUISOIAAXOUIBIN-C
[OMIAX

aulleg

suluoaIy ]

gzw | plw| Jw

gzw| plw| Jw

gew| viw| sw

gew| piw| Jw

punodwon

[olpegssjAuiuyyg
-eydie-2}

apLIoJY20.
-pAH aulpioelya|

uajixote ]

[opessajAuiylg
-eydie-£)

‘g 9|ge] Ul pepinold aq ABL UOEBLLIOI feUsiippe ‘s8)|

ol

WO 2013/132467

-0qEjaW dWos o '(,) paytew ale Z'0 s anjea-d) sebueyo uopejnBal-dn juesyiubls 's1ed aewl Ul Japlosip paonpul jsiuobe Yxd Jo) siaxe 0/ ajgel

«18'0 80 .26'0 680 GL'L ¥8'0 X180 090 L£8'0 960 L0l «L80 aulydeuelsWwlIoN
+28'0 160 +29°0 «88'0 880 «18'0 ZL'L «£9°0 820 «1G'0 .09°0 820 (£:0220'0:81 D) suljoyojApaeydsoyd
(an



PCT/IB2013/051862

WO 2013/132467

69

+66°0
590
+89'0
880
650
+79°0

€0t
780
«£4'0
+28'0
+64'0
+C8'0
+E€'0
70
«6€°0

xL8°0
«0¥°0
«99°0
«£80
+£8°0
«C¥'0
»LL°0
«£5°0
«c'0
«92°0
«08°0
«06°0
0r'0
«55°0
«6Y'0

0
+C€0
«99°0
+82'0
«9'0
AN
+GE'0
20
20
«8G°0
+06'0

90°1L
MeT A
€0
20

80
180
W2L°0
«28'0

20

9.0
+LL°0
210

L2°0
«£6'0
080
<260
+99'0
4850
90

xLL°0
60
10
«£8°0
«8L°0
FL°0
FL°0
«£8°0
590

860
6.0
9.0
«89°0
«89°0
820

£G9°0

28°0
«58°0
«68°0
«02°0
«L2°0
«69°0
9.0
«LL°0
«G6°0
«LL'0
+8L°0
«6.°0
«CL'0
«95°0

«L6'0
«LL'0
«0L'0
«88°0
«St'0
S0

66'0
»¢9'0
P20
«18'0
«62°0

980
810
8Y'0
+LE0

+96°0
+€2°0
620
«68'0
+65°0
950
«£8°0
«09°0
»690
780
«GL'0
580
«79°0
+09°0
9Y°0

«/8°0
<990
+L2'0
«06°0
¥2°0
Mady
+62°0
€50
«92°0
«82°0
«98°0
L0
«19°0
«86°0
s1€0

L0'L
590
20
+C6'0
«€9'0
+8'0
«60°L

AN

16'0
+£8'0
«18'0
+880
xS0
950
+85°0

+88°0
90
ANy
180
«86°0
90
«¢L0
«69°0
650
«£9°0
«82'0
<160
«8€°0
570
s6€'0

+¢9'0
«0€'0
«99°0
«08°0
+€2'0
020
£7'0
620
ey A
«SP'0
xL2'0
<160
MrA
+C'0
610

(#:020°0:81 D) sulloysjApeydsoyd
(0:910°1:81p) ueAwobuiyds
(:022) aulloyojAppeydsoydosi
{(¥:02D) sulloyolApieydsoydosAi
(7£000089) pIdi} umouxun
(eAneInd) 0 ON Od

(2:810°1:810) auljoyojApieydsoyd
20 ON auljoyolApieydsoyd
(z:81.0'1:91D) suljoyoiipieydsoyd
(1:81 D) autjoyojApneydsoydosAi
foein

BUISOIA]

pIOB DI0UE02PeID0IAUISIN-/ |

pioe ojouedapeldaylAuisiN-g|
(€2700087) Pidi] umouxun



10

15

20

25

30

35

40

WO 2013/132467 PCT/IB2013/051862
70

Claims

1. A method for diagnosing a liver disorder comprising:

(@) determining the amount of at least one biomarker selected from any one of Tables 1, 2,
3a, 3b, 4a, 4b, 7a, 7b, 7c or 7d in a test sample of a subject suspected to suffer from hemato-
poietic toxicity, and

(b) comparing the amounts determined in step (a) to a reference, whereby the liver disorder is
to be diagnosed.

2. The method of claim 1, wherein said subject has been brought into contact with a com-
pound suspected to be capable of inducing the liver disorder.

3. . A method of determining whether a compound is capable of inducing a liver disorder in a
subject comprising:

(a) determining in a sample of a subject which has been brought into contact with a com-
pound suspected to be capable of inducing the liver disorder the amount of at least one bi-
omarker selected from any one of Tables 1, 2, 3a, 3b, 4a, 4b, 7a, 7b, 7c or 7d; and

(b) comparing the amounts determined in step (a} to a reference, whereby the capability of
the compound to induce the liver disorder is determined.

4. The method of claim 2 or 3, wherein said compound is at least one compound selected
from the group consisting of: 1-Methyi-2-pyrrolidon, Bezafibrate, Carbendazim, Dimethylforma-
mide, Dimoxystrobin, Metazachlor, N-Acetyl-p-Aminophenol, Wy-14643, 17-alpha-
Ethynylestradiol ,17-alpha-Ethynylestradiol, Tamoxifen, and Tetracycline Hydrochioride

5.  The method of any one of claims 1 to 4, wherein said reference is derived from (i) a sub-
ject or group of subjects which suffers from the liver disorder or (ii) a subject or group of sub-
jects which has been brought into contact with at least one compound selected from the group
consisting of: 1-Methyl-2-pyrrolidon, Bezafibrate, Carbendazim, Dimethylformamide,
Dimoxystrobin, Metazachlor, N-Acetyl-p-Aminophenol, Wy-14643, 17-alpha-Ethynylestradiol
,17-alpha-Ethynylestradiol, Tamoxifen, and Tetracycline Hydrochloride

6. The method of claim 5, wherein essentially identical amounts for the biomarkers in the test
sample and the reference are indicative for the liver disorder.

7. The method of any one of claims 1 to 4, wherein said reference is derived from (i) a sub-
ject or group of subjects known to not suffer from the liver disorder or (ii) a subject or group of
subjects which has not been brought into contact with at least one compound selected from the
group consisting of: 1-Methyl-2-pyrrolidon, Bezafibrate, Carbendazim, Dimethylformamide,
Dimoxystrobin, Metazachlor, N-Acetyl-p-Aminopheno!, Wy-14643, 17-alpha-Ethynylestradiol
,17-alpha-Ethynylestradiol, Tamoxifen, and Tetracycline Hydrochloride
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8.  The method of any one of claims 1 to 4, wherein said reference is a calculated reference
for the biomarkers for a population of subjects.

9, The method of claim 7 or 8, wherein amounts for the biomarkers which differ in the test
sample in comparison to the reference are indicative for the liver disorder.

10. A method of identifying a substance for treating a liver disorder comprising the steps of:
(a) determining in a sample of a subject suffering from the liver disorder which has been
brought into contact with a candidate substance suspected to be capable of treating the liver
disorder the amount of at least one biomarker selected from any one of Tables 1, 2, 3a, 3b, 4a,
4b, 7a, 7b, 7c or 7d; and .

(b) comparing the amounts determined in step (a) to a reference, whereby a substance capa
ble of treating the liver disorder is to be identified.

11. The method of claim 10, wherein said reference is derived from (i) a subject or group of
subjects which suffers from the liver disorder or (ii) a subject or group of subjects which has
been brought into contact with at least one compound selected from the group consisting of: 1-
Methyl-2-pyrrolidon, Bezafibrate, Carbendazim, Dimethylformamide, Dimoxystrobin, Metaza-
chlor, N-Acetyl-p-Aminophenol, Wy-14643, 17-alpha-Ethynylestradiol ,17-alpha-
Ethynylestradiol, Tamoxifen, and Tetracycline Hydrochloride

12. The method of claim 11, wherein amounts for the biomarkers which differ in the test sam-
ple and the reference are indicative for a substance capable of treating the liver disorder.

13. The method of claim 10, wherein said reference is derived from (i) a subject or group of
subjects known to not suffer from the liver disorder or (ii) a subject or group of subjects which
has not been brought into contact with at least one compound selected from the group consist-
ing of: 1-Methyl-2-pyrrolidon, Bezafibrate, Carbendazim, Dimethylformamide, Dimoxystrobin,
Metazachlor, N-Acetyl-p-Aminophenol, Wy-14643, 17-alpha-Ethynylestradiol, 17-alpha-
Ethynylestradiol, Tamoxifen, and Tetracycline Hydrochloride

14. The method of claim 10, wherein said reference is a calculated reference for the bi-
omarkers in a population of subjects.

15. The method of claim 13 or 14, wherein essentially identical amounts for the biomarkers in
the test sample and the reference are indicative for a substance capable of treating the liver
disorder.

16. Use of at least one biomarker selected from any one of 1, 2, 3a, 3b, 4a, 4b, 7a, 7b, 7c or
7d or a detection agent for the said biomarker for diagnosing a liver disorder in a sample of a
subject.
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17. A device for diagnosing a liver disorder in a sample of a subject suspected to suffer there-
from comprising:

(@) an analyzing unit comprising a detection agent for at least one biomarker selected from
any one of Tables 1, 2, 3a, 3b, 43, 4b, 7a, 7b, 7c or 7d which allows for determining the amount
of the said biomarker present in the sample; and, operatively linked thereto,

(b) an evaluation unit comprising a stored reference and a data processor which allows for
comparing the amount of the said at least one biomarker determined by the analyzing unit to the
stored reference, whereby the liver disorder is diagnosed.

18. The device of claim 17, wherein said siored reference is a reference derived from a sub-
ject or a group of subjects known to suffer from the liver disorder or a subject or group of sub-
jects which has been brought into contact with at least one compound selected from the group
consisting of 1-Methyl-2-pyrrolidon, Bezafibrate, Carbendazim, Dimethylformamide,
Dimoxystrobin, Metazachlor, N-Acetyl-p-Aminophenol, Wy-14643, 17-alpha-Ethynylestradiol
,17-alpha-Ethynylestradiol, Tamoxifen, and Tetracycline Hydrochloride and said data processor
executes instructions for comparing the amount of the at least one biomarker determined by the
analyzing unit to the stored reference, wherein an essentially identical amount of the at least
one biomarker in the test sample in comparison to the reference is indicative for the presence of
the liver disorder or wherein an amount of the at [east one biomarker in the test sample which
differs in comparison to the reference is indicative for the absence of the liver disorder.

19. The device of claim 17, wherein said stored reference is a reference derived from a sub-
ject or a group of subjects known to not suffer from the liver disorder or a subject or group of
subjects which has not been brought into contact with at least one compound selected from the
group consisting of 1-Methyl-2-pyrrolidon, Bezafibrate, Carbendazim, Dimethylformamide,
Dimoxystrobin, Metazachlor, N-Acetyl-p-Aminophenol, Wy-14643, 17-alpha-Ethynylestradiol
,17-alpha-Ethynylestradiol, Tamoxifen, and Tetracycline Hydrochloride and said data processor
executes instructions for comparing the amount of the at [east one biomarker determined by the
analyzing unit to the stored reference, wherein an amount of the at least one biomarker in the
test sample which differs in comparison to the reference is indicative for the presence of the
liver disorder or wherein an essenfially identical amount of the at least one biomarker in the test
sample in comparison to the reference is indicative for the absence of the liver disorder.

20. AKit for diagnosing a liver disorder comprising a detection agent for the at least one bi-
omarker selected from any one of Tables 1, 2, 3a, 3b, 4a, 4b, 7a, 7b, 7c or 7d and standards for
the at least one biomarker the concentration of which is derived from (i} a subject or a group of
subjects known to suffer from a liver disorder or a subject or group of subjects which has been
brought into contact with at least one compound selected from the group consisting of 1-Methyl-
2-pyrrolidon, Bezafibrate, Carbendazim, Dimethylformamide, Dimoxystrobin, Metazachlor, N-
Acetyl-p-Aminophenol, Wy-14643, 17-alpha-Ethynylestradiol ,17-alpha-

Ethynylestradiol, Tamoxifen, and Tetracycline Hydrochloride or derived (ii} from a subject or a
group of subjects known to not suffer from the liver disorder or a subject or group of subjects
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which has not been brought into contact with at least one compound selected from the group
consisting of 1-Methyl-2-pyrrolidon, Bezafibrate, Carbendazim, Dimethylformamide,
Dimoxystrobin, Metazachlor, N-Acetyl-p-Aminophenol, Wy-14643, 17-alpha-Ethynylestradiol
,17-alpha-Ethynylestradiol, Tamoxifen, and Tetracycline Hydrochloride.
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