MARKERS OF NON- ALCOHOLI C FATTY LI VER DI SEASE ( NAFLD)
AND NON- ALCOHOLI C STEATOHEPATI TI'S ( NASH) AND METHODS
WOR0BBH 1THERECF CROSS- REFERENCE TO RELATED APPRCTZBEII00MH 7726
[0001] This application clains the priority benefit of
U.S. Provisional Application No. 60/836,555, filed
August 8, 2006, which is hereby incorporated by
reference herein inits entirety. BACKGROUND OF THE
I NVENTI ON [ 0002] Non- al coholic steatohepatitis (NASH)
I's the nost conmon chronic liver disease in the United
States. NASH is a fatty inflammtion of the liver and
a maj or cause of cirrhosis, fibrosis and liver

failure. The disease is progressive, starting as
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eventually leading to cirrhosis and fibrosis. The
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requires liver biopsy as there are no Iaboratory tests
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céntro ar (zoné 35 bal | ooni ng degeneration with
entirglyt her perl cellular fibrosis or Mallory bodies. This
distinction is inportant because NASH is believed to
be a progressi BAOKGROUNDSGRTEIEANVENTION | ead t o
cirrhosis and even hepatocel | ul ar carci noma. [0003]
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i ndividuals, particularly in early stage disease.

[ 0006] What is needed are better testing methods for

di agnosi ng NAFLD and NASH, donitoring di sease

progression, and determ ning efficacy of treatnent.

Additionally, what is needed are better testing

rret hods that can be used to cl assn‘y and dlfferentl ate
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anmount of a fatty acid to total fatty acid content in
phosphati dyl et hanol am nes in the sanple; (e) the
wo edoaeme2 anount of a fatty acid to total fattRCHUBH07/017726
content in cholesterol esters in the sanple; and (f)
the relative anmount of a fatty acid to total fatty
acid content in all lipids in the sanple. In sone
enbodi ments, the fatty acid is selected fromthe group
consisting of: TGl4:0, TGl4:1n5, TA6:0, TGL8: 1n7,
TGWFA, TGn7, TGSFA, TGL6: 1n7, PCl4:0, PCl16: 1n7,
PC18: 1n7, PC18: 1n9, PC18:3n3, PC18:3n6, PC18:4n3,
PC20: 0, PC20: 1n9, PC20:2n6, PC20:3n6, PC20: 4n3,
PC20: 5n3, PC22:0, PC22:1n9, PC24:0, PC24:1n9, PCdm
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% 2n6 CE24dO CESFA, 15:0, 20:0, 22:0, 18:2n6,
particiar %‘eaﬂbs'éﬁb S98%4n3, 20:4n6, 22:4n6, and 22:5n6. In
some enbodi nents, the fatty acid is TG20:4n6. In sone
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ref erence, m%&&‘i—:ﬁ‘sb&&kﬁh’ék%é’ NI S greater
than the reference, accunulatlon trlg ycerides in
the liver is |nd|cated In_sone enbodlnents t he one
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~Indicated. In sone e dlnents e reference 1s a
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total fatty acid content in the triglycerides in a
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total fatty aci d content |r1%rmatr|glycer|des found in
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subj ects having normal livers. [0014] In sone
enbodi ments, the |evel of accunulatlon of
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selected fromthe group consisting of 15:0, 20:0,
22: 0, 18:2n6, 20:2n6, 20:3n9, 20:4n3, 20:4n6, 22:4n6,
wW@pwsA2r13n6. The met hod may further conprise tPET/ES®P7/017726
of conparing the additional relative anobunt to a
reference, wherein if the relative anmount is | ower
than the reference, accunulation of triglycerides in
the liver is indicated. 10022] Methods of assessing
the level of triglycerides in the Iiver of a subject
may be used in diagnosing, nonitoring, assessing the
severity, and/or assessing the progression or
regression of a liver disorder, wherein the |iver
di sorder is selected fromthe group consisting of:
lipid ipdblies ingaei or ieoné san’f;ﬂ@&ﬂdnﬁ:abbcﬁaﬁms iof the [bjedd, and correlating the
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steatosis, NAFLD, steatohepatitis, or NASH is
I ndi cat ed. In sone enbodi nents, the met hod may further
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[0034] In one aspect, the invention provides a nethod
of diagnosing or nonitoring a liver disorder in a
waapeztivi s provi ded whi ch conprises detern ni PCI/ES2007/017726
anmount of one or nore lipid netabolites in one or nore
sanples froma body fluid of the subject, and
correlating the anount(s) of the one or nore lipid
netabolites with the presence of the liver disorder.
In sonme enbodi nents, the lipid netabolites conprise
fatty acids and/or eicosanoids. |In sonme enbodi nents,
the one or nore lipid netabolites are selected from
the group consisting of: PC18:3n6; PC20: 3n6; CE14:0;
CE16: 1n7; CE18:1n9; CEMJUFA; CEn7; CE18:1n7; CE18:2n6;
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[0048] In sonme enbodi nents, a fornula containing one

or nore lipid netabolites as variables is established
who0sm2nge r egr essi on anal yses, e.g., nultiple PCHES007/017726

regressi ons. Exanples of formulas devel oped i ncl ude,

wi thout any limtation, the following: Fornmula I: k +
ki (FAl') + k2(FA2) + k3(FA3) Fornula El: k - ki(FAl') +
k2(FA2) + k3(FA3) Formula I11: k + ki (FAl') - k2(FA2)

k3(FA3) Formula IV: k + ki (FAI) + k2(FA2) - k3(FA3)

Formula V: k - ki(FAl) - k2(FA2) + k3(FA3) Fornmula VI:

k + ki (FAI') - k2(FA2) - k3(FA3) Formula VIl: k -

ki (FAI') + k2(FA2) - k3(FA3) Formula VIII: k - ki (FAl)

- k2(FA2) - k3(FA3) [0049] The fornulas nay use one or
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group geRsisting oRbleah Plrsmaswer-dsqiptes beqprotripdiaction glivgifine, lymph
fluiddsnaelipr®Rpinal fARGCI fical ly, a subject having a net
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amount of a fatty acid to total fatty acid content in phosphatidylethanolamines in the sample;
(e) the relative amount of a fatty acid to total fatty acid content in cholesterol esters in the
sample; and (f) the relative amount of a fatty acid to total fatty acid content in all lipids in the
sample. In some embodiments, the fatty acid is selected from the group consisting of:
TG14:0, TG14:1n5, TG16:0, TG18:1n7, TGMUFA, TGn7, TGSFA, TG16:1n7, PC14:0,
PC16:1n7, PC18:1n7, PC18:1n9, PC18:3n3, PC18:3n6, PC18:4n3, PC20:0, PC20:1n9,
PC20:2n6, PC20:3n6, PC20:4n3, PC20:5n3, PC22:0, PC22:1n9, PC24:0, PC24:1n9, PCdm,
PCdm18:0, PCdm18:1n7, PCSFA, CE16:1n7, CE18:1n7, CE18:1n9, CE18:2n6, CE18:3n6,
CE22:5n3, CE22:6n3, CEMUFA, CEn6, CEn7, CEPUFA, CE14:0, 14:0, 16:0, 18:0, 16:1n7,
18:1n7, 18:1n9, 18:3n6, 18:4n3, TG15:0, TG18:2n6, TG18:3n3, TG20:0, TG20:2n6,
TG20:3n6, TG20:3n9, TG20:4n6, TG20:5n3, TG22:0, TG22:1n9, TG22:2n6, TG22:4n6,
TG22:5n3, TG22:5n6, TG22:6n3, TG24:0, TG24:1n9, TGn3, TGn6, TGPUFA, FA16:1n7,
PC18:1n7, PC20:4n6, PC22:5n6, PCn6, PCPUFA, PC22:5n3, PE20:4n6, CE14:1n5, CE18:0,
CE20:0, CE20:1n9, CE20:2n6, CE20:3n9, CE20:4n3, CE20:4n6, CE22:0, CE22:2n6,
CE24:0, CESFA, 15:0, 20:0, 22:0, 18:2n6, 20:2n6, 20:3n9, 20:4n3, 20:4n6, 22:4n6, and
22:5n6. In some embodiments, the fatty acid is TG20:4n6. In some embodiments, the sample
is selected from the group consisting of blood, plasma, serﬁm, isolated lipoprotein fraction,
saliva, urine, lymph fluid, and cerebrospinal fluid. In some embodiments, the sample is
selected from the group consisting of blood, plasma, serum, or isolated lipoprotein fraction.

In some embodiments, the sample is lymph or cerebrospinal fluid.

[0013] In some embodiments, the level of accumulation of triglycerides in the liver of a
subject is assessed, comprising determining a relative amount of one or more fatty acids to
total fatty acid content in triglycerides in a sample from a body fluid of the subject. In some
embodiments, the one or more fatty acids are selected from the group consisting of TG14:0,
TG14:1n5, TG16:0, TG18:1n7, TGMUFA, TGn7, TGSFA, and TG16:1n7. The method may
further comprise the step of comparing the relative amount to a reference, wherein if the
relative amount is greater than the reference, accumulation of triglycerides in the liver is
indicated. In some embodiments, the one or more fatty acids are selected from the group
consisting of TG15:0, TG18:2n6, TG18:3n3, TG20:0, TG20:2n6, TG20:3n6, TG20:3n9,
TG20:4n6, TG20:5n3, TG22:0, TG22:1n9, TG22:2n6, TG22:4n6, TG22:5n3, TG22:5n6,
TG22:6n3, TG24:0, TG24:1n9, TGn3, TGn6,.and TGPUFA. The method may further
comprise the step of comparing the relative amount to a reference, wherein if the relative

amount is lower than the reference, accumulation of triglycerides in the liver is indicated. In
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some embodiments, the reference is a relative amount of the one or more fatty acids to total
fatty acid content in the triglycerides in a sample from a body fluid previously obtained from
the subject. In some embodiments, the reference represents the relative amount of the one or
more fatty acids to total fatty acid content in the triglycerides found in one or more samples

from a body fluid of one or more subjects having normal livers.

[0014] In some embodiments, the level of accumulation of triglycerides in the liver of a
subject is assessed, comprising determining a relative amount of a fatty acid to total fatty acid
content in free fatty acids in a samplé from a body fluid of the subject. In some embodiments,
the fatty acid is FA16:1n7. The method may further comprise the step of comparing the
relative amount to a reference, wherein if the relative amount is lower than the reference,
accumulation of triglycerides in the liver is indicated. In some embodiments, the reference is
a relative amount of the one or more fatty acids to total fatty acid content in the free fatty
acids in a sample from a body fluid previously obtained from the subject. In some
embodiments, the reference represents the relative amount of the one or more faity acids to
total fatty acid content in the free fatty acids found in one or more samples from a body fluid

of one or more subjects having normal livers.

[0015] In some embodiments, the level of accumulation of triglycerides in the liver of a
subject is assessed, comprising determining a relative amount of one or more fatty acids to
total fatty acid content in phosphatidylcholines in a sample from a body fluid of the subject.
In some embodiments, the one or more fatty acids are selected from the group consisting of
PC14:0, PC16:1n7, PC18:1n7, PC18:1n9, PC18:3n3, PC18:3n6, PC18:4n3, PC20:0,
PC20:1n9, PC20:2n6, PC20:3n6, PC20:4n3, PC20:5n3, PC22:0, PC22:1n9, PC24:0,
PC24:1n9, PCdm, PCdm18:0, PCdm18:1n7, and PCSFA. The method may further comprise
the step of comparing the relative amount to a reference, wherein if the relative amount is
greater than the reference, accumulation of triglycerides in the liver is indicated. In some
embodiments, the one or more fatty acids are selected from the group consisting of
PC18:1n7, PC20:4n6, PC22:5n6, PCn6, PCPUFA, and PC22:5n3. The method may further
comprise the step of comparing the relative amount to a reference, wherein if the relative
amount is lower than the reference, accumulation of triglycerides in the liver is indicated. In
some embodiments, the reference is a relative amount of the one or more fatty acids to total
fatty acid content in the phosphatidylcholines in a sample from a body fluid previously

‘obtained from the subject. In some embodiments, the reference represents the relative amount
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of the one or more fatty acids to total fatty acid content in the phosphatidylcholines found in

one or more samples from a body fluid of one or more subjects having normal livers.

[0016] In some embodiments, the level of accumulation of triglycerides in the liver of a
subject is assessed, comprising determining a relative amount of a fatty acid to total fatty acid
content in phosphatidylethanolamines in a sample from a body fluid of the subject. In some
embodiments, the fatty acid is PE20:4n6. The method may further comprise the step of
comparing the relative amount to a reference, wherein if the relative amount is lower than the
reference, accumulation of triglycerides in the liver is indicated. In some embodiments, the
reference is a relative amount of the one or more fatty acids to total fatty acid content in the
phosphatidylethanolamines in a sample from a body fluid previously obtained from the
subject. In some embodiments, the reference represents the relative amount of the one or
more fatty acids to total fatty acid content in the phosphatidylethanolamines found in one or

more samples from a body fluid of one or more subjects having normal livers.

[0017] In some embodiments, the level of accumulation of triglycerides in the liver of a
subject is assessed, comprising determining a relative amount of one or more fatty acids to
total fatty acid content in a sample from a body fluid of the subject. In some embodiments,
the one or more fatty acids are selected from the group consisting of 14:0, 16:0, 18:0, l6:lﬁ7,
18:1n7, 18:1n9, 18:3n6, and 18:4n3. The method may further comprise the. step of comparing
the relative amount to a reference, wherein if the relative amount is greater than the reference,
accumulation of triglycerides in the liver is indicated. In some embodiments, the one or more
fatty acids are selected from the group consisting of 15:0, 20:0, 22:0, 18:2n6, 20:2n6, 20:3n9,
20:4n3, 20:4n6, 22:4n6, and 22:5n6. The method may further comprise the step of comparing
the relative amount to a reference, wherein if the relative amount is lower than the reference,
accumulation of triglycerides in the liver is indicated. In some embodiments, the reference is
a relative amount of the one or more fatty acids to total fatty acid content in a sample from a
body fluid previously obtained from the subject. In some embodiments, the reference
represents the relative amount of the one or more fatty acids to total fatty acid content found

in one or more samples from a body fluid of one or more subjects having normal livers.

[0018]) In some embodiments, the level of accumulation of triglycerides in the liver of a
subject is assessed, comprising determining a relative amount of one or more fatty acids to
total fatty acid content in cholesterol esters in a sample from a body fluid of the subject. In

some embodiments, the one or more fatty acids are selected from the group consisting of
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CE16:1n7, CE18:1n7, CE18:1n9, CE18:2n6, CE18:3n6, CE22:5n3, CE22:6n3, CEMUFA,
CEné6, CEn7, CEPUFA, CE14:0. The method may further comprise the step of comparing the
relative amount to a reference, wherein if the relative amount is greater than the reference,
accumulation of triglycerides in the liver is indicated. In some embodiments, the one or more
fatty acids are selected from the group consisting of CE14:1n3, CE18:0, CE20:0, CE20:1n9,
CE20:2n6, CE20:3n9, CE20:4n3, CE20:4n6, CE22:0, CE22:2n6, CE24:0, and CESFA. The
method may further comprise the step of comparing the relative amount to a reference,
wherein if the relative amount is lower than the reference, accumulation of triglycerides in
the liver is indicated. In some embodiments, the reference is a relative amount of the one or
more fatty acids to total fatty acid content in the cholesterol esters in a sample from a body
fluid previously obtained from the subject. In some embodiments, the reference represents the
relative amount of the one or more fatty acids to total fatty acid content in the cholesterol
esters found in one or more samples from a body fluid of one-or more subjects having normal

livers.

[0019] In some embodiments, the level of accumulation of triglycerides in the liver of a
subject is assessed, comprising determining a relative amount of one or more fatty acids to
total fatty acid content in neutral lipids in a sample from a body fluid of the subject. In some
embodiments, the one or more fatty acids are selected from the group consisting of TG14:0,
TG14:1n5, TG16:0, TG18:1n7, TGMUFA, TGn7, TGSFA, and TG16:1n7. The method may
further comprise the step of comparing the relative amount to a reference, wherein if the
relative amount is greater than the reference, accumulation of triglycerides in the liver is
indicated. In some embodiments, the one or more fatty acids are selected from the group
consisting of TG15:0, TG18:2n6, TG18:3n3, TG20:0, TG20:2n6, TG20:3n6, TG20:3n9,
TG20:4n6, TG20:5n3, TG22:0, TG22:1n9, TG22:2n6, TG22:4n6, TG22:5n3, TG22:5n6,
TG22:6n3, TG24:0, TG24:1n9, TGn3, TGn6, TGPUFA, and FA16:1n7. The method may
ﬁirther comprise the step of comparing the relative amount to a reference, wherein if the
relative amount is lower than the reference, accumulaiion of triglycerides in the liver is
indicated. In some embodiments, the reference is a relative amount of the one or more fatty
acids to total fatty acid content in the neutral lipids in a sample from a body fluid previously
obtained from the subject. In some embodiments, the reference represents the relative amount
of the one or more fatty acids to total fatty acid content in the neutral lipids found in one or

more samples from a body fluid of one or more subjects having normal livers.
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[0020] In some embodiments, the level of accumulation of triglycerides in the liver of a
subject is assessed, comprising determining a relative amount of one or more fatty acids to
total fatty acid content in phospholipids in a sample from a body fluid of the subject. In some
embodiments, the one or more fatty acids are selected from the group consisting of PC14:0,
PC16:1n7, PC18:1n7, PC18:1n9, PC18:3n3, PC18:3n6, PC18:4n3, PC20:0, PC20:1n9,
PC20:2n6, PC20:3n6, PC20:4n3, PC20:5n3, PC22:0, PC22:1n9, PC24:0, PC24:1n9, PCdm,
PCdm18:0, PCdm18:1n7, and PCSFA. The method may further comprise the sfcp of
comparing the relative amount to a reference, wherein if the relative amount is greater than
the reference, accumulation of triglycerides in the liver is indicated. In some embodiments,
the one or more fatty acids are selected from the group consisting of PC18:1n7, PC20:4n6,
PC22:5n6, PCn6, PCPUFA, PC22:5n3, and PE20:4n6. The method may further comprise the
step of comparing the relative amount to a reference, wherein if the relative amount is lower
than the reference, accumulation of triglycerides in the liver is indicated. In some
embodiments, the reference is a relative amount of the one or more fatty acids to total fatty
acid content in the phospholipids in a.sample from a body fluid previously obtained from the
subject. In some embodiments, the reference represents the relative amount of the one or
more fatty acids to total fatty acid content in the phospholipids found in one or more samples

from a body fluid of one or more subjects having normal livers.

[0021]) In some embodiments, the method further comprises determining at least 1, at least
2, at least 3, at least 4, at least 5, at least 10, or at least 20 additional relative amounts,

" wherein the relative amount(s) is the relative amount of a fatty acid to total fatty acid content
in the lipids of one or more lipid classes in the sample. In some embodiments, the method
further comprises determining an additional relative amount, wherein the additional relative
amount is selected from the group consisting of: (a) the relative amount of a fatty acid to
total fatty acid content in triglycerides in the sample; (b) the relative amount of a fatty acid to
total fétty acid content in free fatty acids in the sample; (c) the relative amount of a fatty acid
to total fatty acid content in phosphatidylcholines in the sample; (d) the relative amount of a
fatty acid to total fatty acid content in phosphatidylethanolamines in the sample; (e) the
relative amount of a fatty acid to total fatty acid content in cholesterol esters in the sample;
and (f) the relative amount of a fatty acid to total fatty acid content in all lipids in the sample.
In some embodiments, the additional relative amount is selected from the group consisting of:
(a) a relative amount of one or more fatty acids to total fatty acid content in triglycerides in a

sample from a body fluid of the subject, wherein the one or more fatty acids are selected from
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the group consisting of TG14:0, TG14:1n5, TG16:0, TGl 8:1n7, TGMUFA, TGn7, TGSFA,
and TG16:1n7; (b) a relative amount of one or more fatty acids to total fatty acid content in
phosphatidylcholines in a sample from a body fluid of the subject, wherein the one or more
fatty acids are selected from the group consisting of PC14:0, PC16:1n7, PC18:1n7,
PC18:1n9, PC18:3n3, PC18:3n6, PC18:4n3, PC20:0, PC20:1n9, PC20:2n6, PC20:3n6,
PC20:4n3, PC20:5n3, PC22:0, PC22:1n9, PC24:0, PC24:1n9, PCdm, PCdm18:0,
PCdm18:1n7, and PCSFA; (c) a relative amount of one or more fatty acids to total fatty acid
content in cholesterol esters in a sample from a body fluid of the subject, wherein the one or
more fatty acids are selected from the group consisting of CE16:1n7, CE18:1n7, CE18:1n9,
CE18:2n6, CE18:3n6, CE22:5n3, CE22:6n3, CEMUFA, CEn6, CEn7, CEPUFA, CE14:0;
and (d) a relative amount of one or more fatty acids to total fatty acid content in a sample
from a body fluid of the subject, wherein the one or more fatty acids are selected from the
group consisting of 14:0, 16:0, 18:0, 16:1n7, 18:1n7, 18:1n9, 18:3n6, and 18:4n3. The
method may further comprise the step of comparing the additional relative amount to an
additional reference, wherein if the additional relative amount is greater than the additional
reference, accumulation of triglycerides in the liver is indicated. In some embodiments, the
additional relative amount is selected from the group consisting of: (a) a relative amount of
one or more fatty acids to total fatty acid content in triglycerides in a sample from a body
fluid of the subject, wherein the one or more fatty acids are selected from the group
consisting of TG15:0, TG18:2n6, TG18:3n3, TG20:0, TG20:2n6, TG20:3n6, TG20:3n9,
TG20:4n6, TG20:5n3, TG22:0, TG22:1n9, TG22:2n6, TG22:4n6, TG22:5n3, TG22:5n6,
TG22:6n3, TG24:0, TG24:1n9, TGn3, TGn6, and TGPUFA; (b) a relative amount of a fatty
acid to total fatty acid content in free fatty acids in a sample from a body fluid of the subject,
wherein the fatty acid is FA16:1n7; (c) a relative amount of one or more fatty acids to total
fatty acid content in phosphatidylcholines in a sample from a body fluid of the subject,
wherein the one or more fatty acids are selected from the group consisting of PC18:1n7,
PC20:4n6, PC22:5n6, PCn6, PCPUFA, and PC22:5n3; (d) a relative amount of a fatty acid
to total fatty acid content in phosphatidylethanolamines in a sample from a body fluid of the
subject, wherein the fatty acid is PE20:4n6; and (e) a relative amount of a fatty acid to total
fatty acid content in cholesterol esters in a sample from a body fluid of the subject, wherein
the one or more fatty acids are selected from the group consisting of CE14:1n5, CE18:0,
CE20:0, CE20:1n9, CE20:2n6, CE20:3n9, CE20:4n3, CE20:4n6, CE22:0, CE22:2n6,
CE24:0, CESFA; and (f) a relative amount of one or more fatty acids to total fatty acid

content in a sample from a body fluid of the subject, wherein the one or more fatty acids are
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selected from the group consisting of 15:0, 20:0, 22:0, 18:2n6, 20:2n6, 20:3n9, 20:4n3,
20:4n6, 22:4n6, and 22:5n6. The method may further comprise the step of comparing the
additional relative amount to a reference, wherein if the relative amount is lower than the

reference, accumulation of triglycerides in the liver is indicated.

[0022] Methods of assessing the level of triglycerides in the liver of a subject may be used
in diagnosing, monitoring, assessing the severity, and/or assessing the progression or
regression of a liver disorder, wherein the liver disorder is selected from the group consisting
of: hepatic impairment, hepatic steatosis, NAFLD, steatohepatitis, and NASH. In some
embodiments, the method of diagnosing a liver disorder in a subject comprises (a)
determining a relative amount of one or more fatty acids to total fatty acid content in the
lipids of one or more lipid classes in a sample from a body fluid of the subject; (P) correlating
the relative amount with the presence of the liver disorder; and wherein the liver disorder is
hepatic impairment, hepatic steatosis, NAFLD, steatohepatitis, or NASH. In some
embodiments, the method of assessing the severity of a liver disorder in a subject comprises
(a) determining a relative amount of one or more fatty acids to total fatty acid content in the
lipids of one or more lipid classes in a sample from a body fluid of the subject; (b) correlating
the relative amount with severity of the liver disorder; and wherein the liver disorder is
hepatic impairment, hepatic steatosis, NAFLD, steatohepatitis, or NASH. In some
embodiments, the method of monitoring a liver disorder in a subject comprises (a)
determining a relative amount of one or more fatty acids to total fatty acid content in the
lipids of one or more lipid classes in a sample from a body fluid of the subject; (b) correlating
the relative amount with the state of the liver disorder; and wherein the liver disorder is
hepatic impairment, hepatic steatosis, NAFLD, steatohepatitis, or NASH. In some
embodiments, the method of assessing the progression or regression of a liver disorder in a
subject comprises (a) determining a relative amount of one or more fatty acids to total fatty
acid content in the lipids of one or more lipid classes in a sample from a body fluid of the
subject; (b) correlating the relative amount with the state of the liver disorder; and wherein
the liver disorder is hepatic impairment, hepatic steatosis, NAFLD, steatohepatitis, or NASH.
In some embodiments, the relative amount is measured at two or more time points. In some
embodiments, the method of monitoring, assessing the severity, or assessing the progression
or regression of the liver disorder is used to determine the subject’s response to treatment. In
some embodiments, the method may further comprise the step of comparing the relative

amount to a reference, wherein if the relative amount is greater than the reference, hepatic
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impairment, hepatic steatosis, NAFLD, steatohepatitis, or NASH is indicated. In some
embodiments, the method may comprise the step of comparing the relative amount to a
reference, wherein if the relative amount is lower than the reference, hepatic impairment,
hepatic steatosis, NAFLD, steatohepatitis, or NASH is indicated. In some embodiments, the
method may further comprise the step of determining an additional relative amount of one or
more fatty acids to total fatty acid content in the lipids of one or more lipid classes in a
sample from a body fluid of the subject. In some embodiments, the liver disorder is
associated with one or more conditions selected from the group consisting of: hepatitis, HIV
infection, HBV infection, HCV infection, viral-induced steatosis, and steatosis induced by a

- non-viral infectious agént. In some embodiments, the liver disorder is associated with drug-
induced steatosis. In sorﬁe embodiments, the drug-induced steatosis is induced by tamoxifen,
an uncoupling protein inhibitor, Isoniazid, Rifampicin, a fibrate, or a peroxisome proliferator-
activated receptor (PPAR) agonist. In some embodiments, the liver disorder is associated
with one or more conditions selected from the group consisting of: obesity, polycystic ovary
syndrome (PCOS), diabetes, insulin resistance, and metabolic disorder. In some
embodiments, the liver disorder associated with one or more conditions selected from the
group consisting of: alcoholic fatty liver disease and alcoholic steatohepatitis. In some
embodiments, the liver disorder is associated with an inborn error of metabolism or a genetic
alteration. In some embodiments, the inborn error of metabolism or genetic alteration is
selected from the group consisting of citrin deficiency, hemochromatosis, and
hyperferritinemia. In some embodiments, the liver disorder is associated with toxin-induced
steatosis or toxin-induced steatohepatitis. In some embodiments, the toxin-induced steatosis
or toxin-induced steatohepatitis is induced by carbon tetrachloride. In some embodiments, the
liver disorder is associated with one or more conditions selected from the group consisting of:
malnutrition, impaired nutrient absorption, celiac disease, and lipodystrophy. In some

embodiments, the liver disorder is associated with bariatric surgery or a liver transplant.

[0023] Additional biomarkers and examinations may be used in the methods of diagnosing,
monitoring, assessing severity, and for assessing progression or regression of the liver
disorder. In some embodiments, the method further comprises: (c) determining the level of
malonyl-CoA or malonyl carnitine in a body fluid or cellular sample from the subject,
wherein a higher than normal level is indicative of steatosis, NAFLD, or NASH; (d)
determining the level of an acylcarnitine, free camnitine, or butyrobetaine in a body fluid or

cellular sample from the subject, wherein a lower than normal level is indicative of hepatic

13



18: 4n3. 20: 4n6 22:4n6 22:5n6 100561 In Table 1,

the prefixes "TG', "FA', "PC', "PE', and " CE"
waeemsespend to fatty acids present within PCT/US2007/017726

triglycerides, free fatty acids, phosphatidyl choli nes,

phosphat i dyl et hanol am nes, and chol esterol esters,

respectively. Thus, "TGl4:0" indicates the fatty acid

14:0 present within triglycerides. In Table 1, "14:0"

(w thout any prefix) indicates the fatty acid 14:0

present wwthin total fatty acids. CE18: 1n9 CE20: 0

CE18: 2n6 CE20: 1n9 CE18: 3n6 CE20: 2n6 CE22: 5n3

impairment, hepatic steatosis, NAFLD, steatohepatitis, or NASH; and/or (¢) determining the
level of a sterol or bile acid in a body fluid or cellular sample from the subject, wherein a
higher fhan normal level is indicative of hepatic impairment, hepatic steatosis, NAFLD,
steatohepatitis, or NASH. In some embodiments, the acylcarnitine is an acylcarnitine in
Table 3. In some embodiments, the sterol or bile acid is a sterol or bile acid in Table 4. In
some embodiments, the method further comprises the step of determining the level of an
eicosanoid in a body fluid or cellular sample from the subject, wherein a higher than normal
level is indicative of NASH. In some embodiments, the eicosanoid is an eicosanoid in Table
2. In some embodiments, the method further comprises the step of determining the level of a
cytokine, cytokeratine, chemokine, adipokine, or leptin in a body fluid or cellular sample
from the subject. In some embodiments, the cytokine, cytokeratine, chemokine, adipokine, or
leptin is TNF, IL-6, CCL2/MCP-1 or CCL19, and a higher than normal level is indicative of
NASH. In some embodiments, the cytokine or cytokeratine is 1L-8, 1L-18, cytokeratine 8 or
cytokeratine 18, and a lower than normal level is indicative of NASH. In some embodiments,
“the method further comprises the step of (a) performing a physical examination of the
subject; (b) measuring the level of an aminotransferase in the blood of the subject; or (c)

obtaining an image of the liver of the subject.

[0024] In some embodiments of each of the aforementioned aspects, as well as other
aspects described herein, the subject is a mammal, such as a human. In some embodiments,

the mammal is a primate.

[0025] In some embodiments of each of the aforementioned aspects, as well as other
aspects described herein, the subject is a liver graft donor candidate, is being evaluated for

bariatric surgery, has had bariatric surgery, or is being monitored for weight loss.

[0026] In some further aspects of the invention, kits for use in the methods of the invention
are provided. In some embodiments, the kit comprises (a) an antibody to the marker (e.g.,
fatty acid or eicosanoid); and (b) instructions for use. In some embodiments, the kit further
comprises: (c) a second antibody to a second marker (e.g., fatty acid or eicosanoid). In some
embodiments, the kit further comprises: (d) a third antibody to a third marker (e.g., fatty acid

or eicosanoid).

[0027] Where aspects or embodiments of the invention are described herein in terms of a

Markush group or other grouping of alternatives, the present invention encompasses not only
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the entire group listed as a whole, but each member of the group individually and all possible
subgroups of the main group, but also the main group absent one or more of the group
members. The present invention also envisages the explicit exclusion of one or more of any

of the group members in the claimed invention.
BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1 shows that a lipid metabolite that is a relative proportion (shown in darker
grey) of a triglyceride (or any other lipid class) can be measured in, for example, serum or
plasma, as a quantitative measure of the relative proportion of that lipid metabolite in hepatic

triglycerides.

[0029] FIG. 2 shows the correlation of the fatty acid composition of matched plasma and

liver lipid classes from normal subjects.

[0030] FIG. 3 shows the relationship between hepatic triglyceride concentrations
(nmoles/g) and the relative proportion of lipid 20:4n6 in hepatic triglycerides (expressed as a

mole percentage of total triglyceride fatty acids).

' [0031] FIG. 4 shows the Receiver Operating Characteristic (ROC) curve for Liver
TG20:4n6.

DETAILED DESCRIPTION OF THE INVENTION

[0032] In some aspects, the invention provides testing methods that can be used to
diagnose, classify, and/or monitor patients with liver disorders associated with increased liver
triglyceride levels, such as hepatic impairment, hepatic steatosis, NAFLD, steatohepatitis,
and NASH, and to identify patients at risk of transitioning from steatosis or NAFLD to
steatohepatitis or NASH.

[0033] Hepatic triglycerides levels determine the severity of steatosis. Because the
accumulation of triglyceride within liver (steatosis) is the result of inadequate export of
triglyceride out of liver via very low density lipoprotein (VLDL) secretion, the absolute
amount of triglyceride in plasma is not a consistent measure of the magnitude of steatosis.
The inventors have discovered that particular amounts of lipid metabolites in body fluids
correlate with liver triglyceride levels, independent of the absolute flux of triglycerides from

liver into plasma.

15



20:0 18:0 22:0 16:1n7 18:2n6 18:1n7 20:2n6 18:1n9
20: 3n9 18:3n6 20:4n3 18:4n3. 20:4n6 22: 4n6
WO 2008/021192 PCT/US2007/017726

[0034] In one aspect, the invention provides a method of diagnosing or monitoring a liver
disorder in a subject is provided which comprises determining an amount of one or more lipid
metabolites in one or more samples from a body fluid of the subject, and correlating the
amount(s) of the one or more lipid metabolites with the presence of the liver disorder. In
some embodiments, the lipid metabolites comprise fatty acids and/or eicosanoids. In some
embodiments, the one or more lipid metabolites are selected from the group consisting of:
PC18:3n6; PC20:3n6; CE14:0; CE16:1n7; CE18:1n9; CEMUFA; CEn7; CE18:1n7;
CE18:2n6; CE18:3n6; CE22:5n3; CEn6; CEPUFA; PC14:0; PC16:1n7; PC18:1n9;
PC18:3n3; PC18:4n3; PC20:0; PC20:1n9; PC20:4n3; PC20:5n3; PC22:0; PC22:1n9; PC24:0;
PC24:1n9; PCdm; PCdm18:0; PCdm18:1n7; PCSFA; TG14:0; TG14:1n5; TG16:0;
TG16:1n7; TG18:1n7; TGMUFA; TGn7; TGSFA; TL14:0; TL16:0; TL18:0; TL16:1n7;
TL18:1n7; TL18:1n9; TL18:3n6; TL18:4n3; TG18:3n3; TG20:3n9; TG22:6n3; TG24:0;
CE14:1n5; CE18:0; CE20:0; CE20:1n9; CE20:3n9; CE20:4n3; CE20:4n6; CE20:2n6;
CE22:0; CE22:2n6; CE24:0; CESFA; PC20:4n6; PC22:5n6; PCn6; PCPUFA; PE20:4n6;
TG15:0; TG18:2n6; TG20:0; TG20:2n6; TG20:4n6; TG20:5n3; TG22:0; TG22:2n6;
TG22:1n9; TG22:4n6; TG22:5n6; TG24:1n9; TGn3; TGné; TGPUFA; TL15:0; TL20:0;
TL22:0; TL18:2n6; TL20:2n6; TL20:3n9; TL20:4n3; TL20:4n6; TL22:4n6; TL22:5n6;
LY16:0; FA18:1n7; SM18:0; SM22:1n9; SMLC; PGB2; PGE2; PGF2a; 15-keto-PGF2a; 5-
HETvE; 8-HETE; 9-HETE; 11-HETE; 12-HETE; 12-HEPE; 11,12-EpETrE; 8,9-DiHETE;
PC1 8:0; PC22:5n3; CE20:3n6; CELC; TGLC; TG18:3n6; TG20:4n3; TG20:3n6;
TG22:5n3;LYLC; LY 18:0; LY20:3n6; PE18:3n6; PE20:3n6; PE22:5n3; FA18:0; FA20:5n3;
FA18:1n9; FA20:3n6; 15-HETE; TL20:3n6; PC18:2n6; PC20:2n6; PE20:2n6; SM16:0;
PGA2M; 6-keto-PGFla; li-DTXBZ; 12,13-DiHOME; 9,10¥EpOME; 12,13—EpOME;
PC22:6n3; PE22:6n3; LY22:6n3; PE14:0; PE18:1n7; PESFA; PELC; FA16:0; CE22:6n3,
TL22:6n3; PCLC; PC18:1n7; LY 18:1n7; LY 18:1n9; LY 18:2n6; LY 18:3n3; and 19,20-
DiHDPA. In some embodiments, the liver disorder is hepatic impairment, hepatic steatosis,
non-alcoholic fatty liver disease (NAFLD), steatohepatitis, or non-alcoholic steatohepatitis
(NASH).

[0035] With respect to the nomenclature for fatty acid lipid metabolites used herein, fatty
"acids labeled with a prefix “CE”, “DG”, “FA”, “LY”, “PC”, “PE”, “SM”,“TG,” or “TL” refer
to the indicated fatty acids present within cholesterol esters, diglycerides, free fatty acids,

lysophosphatidylcholines, phosphatidylcholines, phosphatidylethanolamines,

sphingomyelins, triglycerides, and total lipids, respectively, in a sample. In some
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[0065] In sone enbodinents, if the relative anount of
CEl14: 1n5, CE18:0, CE20:0, CE20:1n9, CE20:3n9,
wCEDBNZNS, CE20: 4n6, CE20: 2n6, CE22: 0, CE22: 2nPCT/US2007/017726
CE24: 0, CESFA, PC20:4n6, PC22:5n6, PCn6, PCPUFA,
PE20: 4n6, TG15:0, TGL8:2n6, TQ&0:0, T&X0: 2n6,
TQ&20: 4n6, TQ&20:5n3, T&X2:0, TQ&X2:2n6, T&2:1n9,
TQ&22:4n6, TQ&22:5n6, T&X4:1n9, TG3, TGn6, TGPUFA,
TL15:0, TL20:0, TL22:0, TL18:2n6, TL20:2n6, TL20: 3n9,
TL20: 4n3, TL20:4n6, TL22:4n6, and/or TL22:5n6 is | ower
than a reference (e.g., a normal control), then
accurmul ation of triglycerides in the liver is

i ndi cated. In sone enbodi nents, hepatic inpairnment,
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PE20:ah&® T 16v0, ded 8i2n6,TEh2020 ZI“GZOrTZn'Ga'bGEO 9n6, T(R20mp] BGEL:0,and

Tczz'iﬂm TROL £ gTb'Qz Et"@?& 5:5% g fﬁ?ﬁfﬁ’%ﬁe %bﬁbﬁ%’ ﬁ‘th?ﬁ‘& 1195.0,

’0Sanol are’rnm Li’st of
TL20] Ex TIo22a0 ALd$:2h8, TU20:2ridy FE20: 18, Hd26:4p3L.20@RS, HAIMOGE?

TLzz%é“jk%Pz%' PBfoni%g é%bz{%gg%ﬂsjfﬁpﬁ ™, %Q:J@PBE"}]@ 11-DTXB2,
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12,13 9 HODEE, D310-EORME, (T EpONEEF S U CHPEE 1 07, memé In7, LY18:1n9,

LY18:2n6, LY18:3n3, and/or 19,20-DiHDPA are negatively associated with steatosis and/or
NAFLD. In some embodiments, the lipid metabolites that are measured comprise one or
more fatty acid and the amount of each of the fatty acids is the relative amount of the fatty
acid to total fatty acid content in the lipids of the lipid class (as indicated by the prefix
preceding the fatty acid).

[0037] As used herein, metabolites that are “positively associated” or “positively
correlated” with a disorder include those metabolites whose concentrations generally increase
with the disorder relative to normal control subjects or a normal control reference.
Metabolites that are “negatively associated” or “negatively correlated” with a disorder
generally include those metabolites whose concentrations decrease with the disorder relative

to normal control subjects or a normal control reference.

[0038] In some alternative embodiments, the liver disorder is NASH and the one or more
lipid metabolites are selected from the group consisting of: PC18:3n6; PC20:3n6; CE14:0;
CE16:1n7; CE18:1n9; CEMUFA; CEn7; CE18:1n7; CE18:2n6; CE18:3n6; CE22:5n3; CEn6;
CEPUFA; PC14:0; PC16:1n7; PC18:1n9; PC18:3n3; PC18:4n3; PC20:0; PC20:1n9;
PC20:4n3; PC20:5n3; PC22:0; PC22:1n9; PC24:0; PC24:1n9; PCdm; PCdm18:0;
PCdm18:1n7; PCSFA; TG14:0; TG14:1n5; TG16:0; TG16:1n7; TG18:1n7; TGMUFA;
TGn7; TGSFA; TL14:0; TL16:0; TL18:0; TL16:1n7; TL18:1n7; TL18:1n9; TL18:3n6;
TL18:4n3; LY 16:0; FA18:1n7; SM18:0; SM22:1n9; SMLC; PGB2; PGE2; PGF2a; 15-keto-
‘PGF2a; 5-HETE; 8-HETE; 9-HETE; 11-HETE; 12-HETE; 12-HEPE; 11,12-EpETTE; 8,9-

18
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11, 12- D HETr E 14, 15- Di HETr E 14, 15- Di HETE

DIiHETYE; PC18:0; PC22:5n3; CE20:3n6; CELC; TGLC; TG18:3n6; TG20:4n3; TG20:3n6;
TG22:5n3;LYLC; LY18:0; LY20:3n6; PE18:3n6; PE20:3n6; PE22:5n3; FA18:0; FA20:5n3;
FA18:1n9; FA20:3n6; 15-HETE; TL20:3n6; TG18:3n3; TG20:3n9; TG22:6n3; TG24:0;
CE14:1n5; CE18:0; CE20:0; CE20:1n9; CE20:3n9; CE20:4n3; CE20:4n6; CE20:2n6;
CE22:0; CE22:2n6; CE24:0; CESFA; PC20:4n6; PC22:5n6; PCn6; PCPUFA; PE20:4n6;
TG15:0; TG18:2n6; TG20:0; TG20:2n6; TG20:4n6; TG20:5n3; TG22:0; TG22:2n6;
TG22:1n9; TG22:4n6; TG22:5n6; TG24:1n9; TGn3; TGn6; TGPUFA; TL15:0; TL20:0;
TL22:0; TL18:2n6; TL20:2n6; TL20:3n9; TL20:4n3; TL20:4n6; TL22:4n6; TL22:5n6;
PC22:6n3; PE22:6n3; LY22:6n3; PE14:0; PE18:1n7; PESFA; PELC; FA16:0; CE22:6n3,
TL22:6n3; PCLC; PC18:1n7; LY18:1n7; LY 18:1n9; LY 18:2n6; LY 18:3n3; and 19,20-
DiHDPA. In some embodiments, (a) the lipid metabolites PC18:3n6, PC20:3n6, CE14:0,
CE16:1n7, CE18:1n9, CEMUFA, CEn7, CE18:1n7, CE18:2n6, CE18:3n6, CE22:5n3, CEn6,
CEPUFA, PC14:0, PC16:1n7, PC18:1n9, PC18:3n3, PC18:4n3, PC20:0, PC20:1n9,
PC20:4n3, PC20:5n3, PC22:0, PC22:1n9, PC24:0, PC24:1n9, PCdm, PCdm18:0,
PCdm18:1n7, PCSFA, TG14:0, TG14:1n5, TG16:0, TG16:1n7, TG18:1n7, TGMUFA,
TGn7, TGSFA, TL14:0, TL16:0, TL18:0, TL16:1n7, TL18:1n7, TL18:1n9, TL18:3n6,
TL18:4n3, LY16:0, FA18:1n7, SM18:0, SM22:1n9, SMLC, PGB2, PGE2, PGF2a, 15-keto-
PGF2a, 5-HETE, 8-HETE, 9-HETE, 11-HETE, 12-HETE, 12-HEPE, 11,12-EpETrE, 8,9-
DIiHETTE, PC18:0, PC22:5n3, CE20:3n6, CELC, TGLC, TG18:3n6, TG20:4n3, TG20:3n6,
TG22:5n3,LYLC, LY18:0, LY20:3n6, PE18:3n6, PE20:3n6, PE22:5n3, FA18:0, FA20:5n3,
FA18:1n9, FA20:3n6, 15-HETE, and/or TL20:3n6 are positively associated with NASH; and
(b) the lipid metabolites TG18:3n3, TG20:3n9, TG22:6n3, TG24:0, CE14:1n5, CE18:0,
CE20:0, CE20:1n9, CE20:3n9, CE20:4n3, CE20:4n6, CE20:2n6, CE22:0, CE22:2n6,
CE24:0, CESFA, PC20:4n6, PC22:5n6, PCn6, PCPUFA, PE20:4n6, TG15:0, TG18:2n6,
TG20:0, TG20:2n6, TG20:4n6, TG20:5n3, TG22:0, TG22:2n6, TG22:1n9, TG22:4n6,
TG22:5n6, TG24:1n9, TGn3, TGn6, TGPUFA, TL15:0, TL20:0, TL22:0, TL18:2n6,
TL20:2n6, TL20:3n9, TL20:4n3, TL20:4n6, TL22:4n6, TL22:5n6, PC22:6n3, PE22:6n3,
LY?22:6n3, PE14:0, PE18:1n7, PESFA, PELC, FA16:0, CE22:6n3, TL22:6n3, PCLC,
PC18:1n7, LY 18:1n7, LY 18:1n9, LY 18:2n6, LY 18:3n3, and/or 19,20-DiHDPA are
negatively associated with NASH. In some embodiments, the lipid metabolites that are
measured comprise one or more fatty acid and the amount of each of the fatty acids is the
relative amount of the fatty acid to total fatty acid content in the lipids of the lipid class (as

indicated by the prefix preceding the fatty acid).
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17, 18- Di HETE 14( 15) - EpETE 17(18) - EpPETE 19( 20) - Di HDPA

6kPGFl a PGJ2 8,9 D HETrE D8-12 HETE D4- 6 keto PGFl a
weang/05,182 D HETrE 9 HETE d4-8-i so- PGF2a WO PCT/US2007/017726

2008/ 021192PCT/ US2007/ 017726 LTB5 20 HETE 11(12)

EpETrE D4- PGF2a D4- PGB2 15 HEPE 11 HETE 11bPGF2a

[0039] Again, where aspects or embodiments of the invention are described herein in terms
of a Markush group or other grouping of alternatives, the present invention encompasses not
only the entire group listed as a whole, but each member of the group individually and all
possible subgroups of the main group, but also the main group absent one or more of the
group members. The present invention also envisages the explicit exclusion of one or more

of any of the group members in the claimed invention.

[0040] It is understood that wherever embodiments are described herein with the language
“comprising,” otherwise analogous embodiments described in terms of “consisting of”” and/or

“consisting essentially of”” are also provided.

[0041] “A”,“an” and “the” include plural references unless the context clearly dictates

otherwise.
[0042] Chemical terms, unless otherwise defined, are used as known in the art.

[0043] As shown in Figure 1, a lipid metabolite that is a relative proportion (shown in
darker grey) of a triglyceride (or any other lipid class) can be measured in a body fluid, such
as serum or plasma, as a quantitative measure of the relative proportion of that lipid
metabolite in hepatic triglycerides (or other lipid class). If this relative proportion of lipid
metabolite (or a collection of lipid metabolites) correlates with the hepatic triglyceride
concentration, it serves as a quantitative surrogate of hepatic steatosis, independent of the
flux of triglycerides from liver in VLDL. Thus, the mole percentage or other relative amount
of a particular fatty acid within a particular lipid class may be used as a quantitative surrogate

for steatosis.

[0044] In some embodiments, the relative amount (e.g., mole percentage or weight percent)
of a single lipid métabolite may be used in the methods of the invention. In other
embodiments, the relative amounts (e.g., mole percentages or weight percentages) of two or
more lipid metabolites may be used in the methods of the invention, for example, 2, 3, 4, 5,
10, 15, 20, or more lipid metabolites. In some embodiments, the relative amount is the mole
percentage. In some embodiments, the relative amount is the weight percentage. The amounts
of one or more biomarkers, as defined below, in a sample from the subject may be used in the
methods of the invention, in addition to the amount of one or more lipid metabolites. In some

embodiments, the amount of the biomarker is the absolute amount of the biomarker in the
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LTC4 15 deoxy 12,14 PA 2 8 HETE TXB2 LTE4 12 (S) HEPE

14(15) EpETE D4- TXB2 LTF4 5 (S) HEPE 12 HETE
W@200802RE-2a 13, 14 di hydrol 5 keto PGA2 D4- 13 MODESDB7/017726

5 HETE PG-2a LTD4 D4- 9 HODE 5 EI ETE D4- PGE2 17, 18

Di HETE 13 HODE 5(6) EpETrE D4- PGD2

sample. In some embodiments, the amount of the biomarker is the concentration of the

biomarker in the sample.

[0045] According to the present invention, when analyzing the effects rendered by t\;\lo or
more lipid metabolites, one can either evaluate the effects of these lipid metabolites
individually or obtain the .net effect of these lipid metabolites, e.g., by using various
mathematical formulas or models to quantify the effect of each lipid metabolite. A formula
containing the levels of one or more lipid metabolites as variables includes any mathematical
formula, model, equation, or expression established based on mathematic or statistical

principles or methods using the values of one or more lipid metabolites as variables.

[0046] In general, any suitable mathematic analyses can be used to analyze the net effect of
two or more lipid metabolites with respect to projecting the condition of the liver of a subject.
For example, methods such as multivariate analysis of variance, multivariate regression,
multiple regression can be used to determine relationships between dependent variables, and
independent variables. Clustering, including both hierarchical and nonhierarchical methods,
as well as nonmetric Dimensional Scaling can be used to determine associations among

variables and among changes in those variables.

[0047] In addition, principle component analysis is a common way of reducing the
dimension of studies, and can be used to interpret the variance-covariance structure of a data
set. Principle components may be used in such applications as multiple regression and cluster
analysis. Factor analysis is used to describe the covariance by constructing “hidden” variables
from the observed variables. Factor analysis may be considered an extension of principle
component analysis, where principle component analysis is used as parameter estimation
along with the maximum likelihood method. Furthermore, simple hypothesis such as equality

of two vectors of means can be tested using Hotelling’s T squared statistic.

[0048] In some embodiments, a formula containing one or more lipid metabolites as
variables is established by using regression analyses, e.g., multiple linear regressions.
Examples of formulas developed include, without any limitation, the following:

Formula I: k + ki(FA;) + ka(FA3) + ka(FA3)

Formula II: k - k1 (FA)) + ka(FA2) + k3s(FA3)

Formula III: k + k;(FA)) - ka(FA) + ka(FA3)
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D4- LTB4 12(13) EpOVE 11 dehydro TXB2 LTB4 9 HODE D4-
11 dhTXB2 14,15 D HETE 9(10) EpOVE PGE2 12(13) D HOVE
W0/ HETE PCD2 14, 15 D HETrE 15 HETE 15 ket op®1EE2m07/017726
19,20 Di HDPA 14(15) EpETrE Lipoxin A4 11,12 D HETrE
17(18) EpETE 100681 In sone enbodi nents, the nethod
may i nvol ve neasuring the anount of nore than one
lipid nmetabolite, such as 2, 3, 4, 5, 10, 15, 20, or
nore lipid netabolites, which may include 2, 3, 4, 5,
10, 15, 20, or nore fatty acid markers descri bed
herein and/or 2, 3, 4, 5, 10, 15, 20, or nore
ei cosanoi d markers described herein. In sone
enbodi nents, two or nore lipid netabolites in Table 2
ar e Foemda bédk + kifFA0nekmiddkitEAt)s, three or nore lipid
nmetabolites in Table 2 are neasured. In sone
emb&dimuem Vs k -kiGA )orkvﬁ*ﬁﬁ'z)a*lkis(ﬁ#‘\@l) met abolites in Table 2
are neasured. In _sonme enbodi nents, two or nore lipid

net ZBEPYie &d: Kﬁk¢56|)e§2@Aahd'f3éFrABio (see Exanple 5,

ror Fotmie SRECKHERA AAFRSTRFRYS and o 10 are

msa%u dl Vil § s_o g't_)iggi, '/%?FAft)ve or nore |ipid

rreta ES |n are nmeasured. In

[0049]S°g|'feet%m?19 lngan%’onL YéPmQFe 1IH?J FrelabBites ﬁ%ﬁm&l E&ﬁ akM, 2,3, 4,

7 (see Exanple
5, 10, 53 BP.corgnqre; lipid E)@émaph@s Afhetsevsmts OFFE‘EPé‘”Q‘“laéﬁW W%’Bf@d by

using aL,Qt 8 Eutd BASHEEFbm kRow9Rer @BRAGHHTED fally mrla&wﬂm e
pid netabolites in Table 1, Table 2, Taple 7,

metabafiEonied 1 these AENS ST BEDI SRS HINERO ff SBREFs F evels
over a peripIbmd s, five or nore lipid nmetabolites in Table
1, Table 2, Table 7, Table 8, Table 9, and/or Table 10

ar . i i .
oo SRV by SRS G i 5 g Ao
can beneerbtareishier qualitatively erruantitaivelysassesh rf@élvelr copgitien pf ppybject over
a perlora%tfﬂml F(Sr%§arjn£]le Tml‘rﬁulz ha\T ﬁghﬁe SGm&e (M)Qrmé{%lhﬁes lgvﬁragles

measured. I n sonme enbodi nents, five or nore |i

can beryeedtiBoiEqbeRloninteiby £ver coTdipROEs soblegl Ut A0Piimethe oe‘a‘ia“é’e ofa

formuﬂ%@&girnﬁ'% one or more lipid metabolites can be compared to the standard value of
such formula corresponding to a liver condition pattern, e.g. progression or regression of fatty
liver disease, and the results of such‘comparison can be used to project liver condition
development. Specifically, a subject having a net value of a formula similar to or within the
range of the standard value of such formula that is assigned to or associated with a
progression of a liver condition is likely to experience a progression over a period of time.
Similarly, a subject having a net value of a formula similar to or within the range of the
standard values of such formula that is assigned to or associated with a regression is likely to

experience a regression of their liver condition over a period of time.

[0051] Similarly, these mathematical modeling methods and formulas may also be used
when analyzing the net effects rendered by one or more lipid metabolites and one or more

biomarkers.

[0052] Lipid metabolites may be measured in a body fluid. Non-limiting examples of body
fluids include, for example, fluids such as blood, plasma, serum, isolated lipoprotein
fractions, saliva, urine, lymph, cerebrospinal fluid, and bile. In some embodiments, the lipid

metabolite is measured in a blood-based body fluid, such as blood, plasma, serum, or
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100691 In sone enbodi nents, one or nore |ipid
net abolites are selected fromthe group consisting of
wEEBR02REE2; PGF2a; 15- ket o- PGF2a; 5- HETE;, 8- HEOEPS2007/017726

9- HETE; 11-HETE, 12-HETE; |2-HEPE, 11, 12-EpETrE;

8,9-D HETrE. 15- HETE, PGA2M 6- ket o- PGFla; 11- DTXB2;

12, 13- D1HOVE; 9, 10- EpOVE; 12, 13- EpOVE; and

19, 20- Di HDPA. [0070] In sonme enbodi nents, the

foll ow ng ei cosanoids are positively associated with

NASH : P@B2; PGE2; PG-2a; 15-keto-PG-2a; 5-1-1ETE;

8- HETE; 9-HETE; 11-HETE; 12- HETE, 12-HEPE;

11, 12- EpETrE;, 8,9-D HETrE;, and 15-HETE. In sone

enbodi nents, 15- HETE is positively associated with
lipoprattie fagisins. Inserheembgsments, (the kugrmetabpligiismpsyredipplasma. In
some e%hﬂwnagthgln.smdﬂ& @hRaRGRKisY@kY associated with

steatosi s and/or NAFLD: PGAZM 6- ket o- PGFla;
100531 g 3 S PBIRS g G B OSER B 0 oo bV E e Qe O one
or mor&,ﬁwB@r BioHDBAed & magabunve nyrg e or atoes] onsik lor MasHipid

meg elttp cert ain enbodi nents, the nmethod is a mnethod

metabales fre dtE MG NASH i n a subj ect, conprising not only

determ ning a rel ative amunt of one or nore fatty
[0054] 4 clinggme smbedigtentsgthe {ipid snetaboliss @hichiare MRzsuredsPRErissa Ryt

lipid n‘QfabHﬁ’tE@sellécEqufr&rln 3 $ESuplcBnsAstH GPHHR ohé Gmnaretlﬁﬁb/mﬁiabd)lde@f
the su #ect but al'so the stg)séof determ ni.n

comprise.g gpir Bf liRif mefabplitglagted from PO MGt HETE and
15- ket&lpbilFQ&t(b) fm;l%qm? afd'POZH: B (S, naHmrglaaa dEJzaBnnqn)rmi -HETE

| evel of the eicosanoid is  indica I\@ 51 some
and PRI RN P2 Enang: ROl dn PanS Enbadmamis thomend isioup
metho® 6N8assifyiAg a GibverkfisorddriEN ABBBRsuPSAFLPG-24a,;

15- ket o- F GF2a; 5-HETE; 8-HETE;, 9-HETE;, 11-HETE;, 12-

E - 1

v S B I S o Bl
e determ ned from.a bl ood, ser
100551, <l same gmbpgigisatst e dipidmsiatolits 18 aﬁﬁiygc'dc&fﬁ-‘@f“ WA PR er
lipid C%QJ L@é&ﬂkﬁﬁblﬁes ENObphss,NAeHdut AR, Qch ejftHeIanHbohtes listed in
sorders

e iny ntlon fu

Table %Bﬂ@we?f%“d{%ﬁ‘ﬂ“ e PRGBR Mo SR 2Rt 7 B § o eIt
below dh sefe embodimests, thgligid mbmlelli BG20: Snﬂ: h‘hamemmyl nayenaive
measuﬁgqrtzl %Inogr:;teofgng{rtey'lﬁ]raf g)rléeglsplg‘ agolltgl gﬁ'%sn?l d§ §) rl? VlI df&' or
more lipidbuatabalfte fresapre amrodinasith, twqmahorb |hor¢anktelv<%ltqssn Table 1 are

ufeal |
meas % i %@%ﬁibo%n?%éﬁotg?—%%a &%Et 135241 g%lmggﬁﬂﬁ% inomg:ngér%ﬁﬁﬁm&ﬁ In
some WOQD@@F@@I&Q‘Z'P@'P/“HSQ@WWG‘FF?Q @able 1 are measured( i') some

embodiRERE Yo SPAANTDidREABNEARTabIRE 7 GhOYES SreG5EREE tn Wntd
increasing levels of triglycerides in liver);

embodimgnts, tlyge erinpre;lipid mﬁtawvfsz'é? ablpe? angier Sary meagrid: frome
embodith&t&dive Br k) lqm@ n(e{aembsslnctasree A9Rd/ § Breinfakited | IRGome
embodélﬁmtlﬁﬁheolflplé ¥ne9alelte ﬁ@%lstxtv%lg cglirc\é/l%%?i gv?trgdiygbti%gggrlé%olg\’/els. In
some drhtsld@fierits) th‘EatpllcEmdtabdﬂ&w al rsga_ttivelye:aﬁelawidtmm Iher obedride levels.
In son*elembaglimeeg; S th J; ?gtg%()ht 1S n‘leﬁSﬁJy S lurglé‘ %rg%e g]évbtquat
partictldvdipid clakdi Ini somalentbpd)nuntls,eths lipigeatgtiotite lé)fnee%llrf?dlﬁsarmole
9 thd TP RREVLRS i

porc SRR, Bk LG Bk R o RGNS
measuLed@alaantghqeemt%eow&vrathn@mm%hp@aﬁ*?ﬁ% i ne Propi onyl

camtine Butyryl carnitine Hexanoyl camtine Val eryl

cam tine Qctanoyl camtine Decanoyl carnitine
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Myristoyl camtine Palmitoyl carnitine Stearoyl
carnitine A eoyl carnitine Linoleoyl camtine

waoe@si2dey! cam ti ne Dodecanoyl carnitine Tedst/8S2007/017726
List of Bile Acids and Sterols Cholic Acid
Chenodeoxychol i c Acid Deoxycholic Acid Lithocholic
Acid @ ycocholic Acid Taurodeoxychol ate
d ycochenodeoxychol at e Taur ochenodeoxychol at e
13-Muricholic Acid Taurolithocholic acid
Ur sodeoxychol i ¢ acid Taurodeoxycholic acid Taurocholic
acid

Table 1. Blood-based Lipid Metabolite Markers of Hepatic Steatosis
(Based on Mole Percentage)

Lipid Class Positive Correlates Negative Correlates

Triglycerides TG14:0 TG15:0

TG14:1n5 TG18:2n6

TGl16:0 TG18:3n3

TG18:1n7 TG20:0

TGMUFA TG20:2n6

TGn7 TG20:3n6.

TGSFA TG20:3n9

TG16:1n7 TG20:4n6

TG20:5n3

TG22:0

TG22:1n9

TG22:2n6

TG22:4n6

TG22:5n3

TG22:5n6

TG22:6n3

TG24:0

TG24:1n9

TGn3

TGné6

TGPUFA

Free Fatty Acids FA16:1n7
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G ycodesoxychol i c acid dycolithocholic acid

d ycour sodeoxychol i ¢ acid Chol esterol Coprostanol
w@h@Bestianol Lanosterol Lathosterol 13-SitosterPOl/US2007/017726
Desnost er ol Canpesterol Coprosterol Lathosterol Cam
pesterol Stignmasterol 4-Chol esten-3-0One Fucosterol
[0076] Additionally, the follow ng additional
bi omarkers nay aid in the diagnosis of NASH as
di stinct from NAFLD: (1) The sterols and
bile acids listed in Table 4 (levels increase with
i ncreased chol esterol synthesis) or in Exanple 6;
(2) Eicosanoids including, but not Iimted to, those
shown in Table 2 (above), in Table 9 of Exanple 5, or
PhospabltRyikHomiesEX{amle 5, and/ or | PC18:1n7 (3)
Cyt oki nes, cytokgratine, -chenoki nes, adi poki nes or
[ eptins includi nd,Pétinfot |i m t dPG29;4n6NFoc, |L-6
CCL2/MCP-1 and CAL19 (level incredase in NASH); 11L-
| L- 18, cytokerati|RC18:ladd cyt oker|dtGA%5ne8 (| evel s
decrease in NASH)

PC18:1n9 PCn6

PC18:3n3 PCPUFA

PC18:3n6 PC22:5n3

PC18:4n3

PC20:0

PC20:1n9

PC20:2n6

PC20:3n6

PC20:4n3

PC20:5n3

PC22:0

PC22:1n9

PC24:0

PC24:1n9

PCdm

PCdm18:0

PCdm18:1n7

PCSFA

Phospho-tidylethanol- PE20:4n6

amines

Cholesterol Esters CE16:1n7 CEl4:1n5

CE18:1n7 = CE18:0
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10077] Body fluid and cellular sanples may be used to
nmeasure the additional markers. Exanples of cellular

w@aople9i ncl ude, but are not limted to, |ynpPODYS®E7/017726

and macr ophages. [00781 Further information on these

bi omarkers may be found in: (cytokines) Haukel and JW

et al _ Systemic inflammation in nonalcoholic fatty

liver disease is characterized by elevated | evels of

CCL2. J Hepatol. 2006 Jun;44(6):1167-74; and Abiru S

et al. Serum cytokine and sol uble cytokine recept or

l evels in patients with non-al coholic steatohepatitis.

Li ver Int. 2006 Feb;26(1):39-45; (malonyl-CoA) Savage

DB, et al. Reversal of diet-induced hepatic steatosis

and hepatic insuli@E¥eli9t ance by GRGSense

oligonucleotide iinhihitors of - ses
1 and 2. J Gin I|[/R&S2n62006 Mar:|1G¥RO3)M9817-24;  anf

L Hammond LE et all Mt ochondrialiglycergl-3 phosphdte
acyl transf er ase- 1| $61&¥€ential i ng“FWPe%“ﬁf or the
netabolismof excless acvl—CoAs Ri Al 20

8: 280( 27) : 25629- 3

GO7T W, ICIII 05 JU'
6CE2(2bﬁ§?’trobet ai rte(fﬁ%g3 shi Y, et al.
. . : : . . 'ﬁE%¥4B'°e""

Juvenlle V|sceral steatosis nice. arm Phar macol .

2001 AP 53(4) S 2A7EBmurR00 7 91 |vew_~%tE RS of the
anmounts of one or{ nore o t hese q t1onal bionmarkers

S e ¢eftion, in
addition to neasurenent of a lipi[d netabolite. In pone
enbodi ments, the agpunt of one off ¢bm=:heomarkers 1
nmeasured in a sanple fromthe subject. In sone
enbodi ments, the jpopPUES Of two CTCEmeobionarkers Ar e
neasured in a sanple fromthe subject. In other

enbodi nents, 3, 4,CbBl146, 7, 8, 10 CE®KA15, 20, or pore
of the biomarkers| may be neasured in a sanple fronthe
Fobjl Fatty Avbishods pf4:®i agnosi ng and!I®ni t ori ng [ 0080]
The nmethods of the invention may be used tao di agnose a
liver disorder, flpts:@xanpl e hepat29:9 npai r nent,

hepatic steatosis| NAFLD steat OW
The methods may al %%be used to as€%s the severity of

taliver disorder | ponitor—ativerldisorder—and/or
assess the progresgtHﬂ or regress } a liver
di-sorder—lnA——sone Tﬂ uf:ntnts, t+h Lef tHserder— s
hepati c i npairnent. T sonme enbod é%'t the liver

Al caov Aoy HEPS bowvaot L "

Ul SUl t.JCI 1 D. mcpyat }‘8 ?ngcat UDI . I Il 2‘0,}3“‘9 CIIU.UUI Inelit S
the liver disordef 1's 'NAFLD. I n spne enbodi nents, {he
.

rver dirsorder TS[{ERF TC Steat onpRgi{3Ts. I n sone
enbodi nents, the Jiver disorder is NASH [0081] |
SOME enbodi MENTtS, | 1§1g,3TEL NOdS CONPEg-56 conpari ng t he
anounts(s) of one|or nore lipid netabolites to onejor
nore references. | n sone enbodi nentx4n6 reference
represents the nofmal level of the lipid netabolite.
I'n some enbodi nenfs, a reference |J22:5% anount of the
|ipid netabolite previously nmeasure for the sane
subject. In sone enbodi nents, the reference is a
rel ati ve amount of the one or nore fatty acids to

[0056] fPtdle f,3hd PrefifdsETCOMEAD “paY, P, hiid YLIYCOIesiRRd itdifatty

sanpl e ‘from a body fluid VI oUS tained fromthe
acids pre%eﬂb‘j"%‘f‘ triglycerigese f’é‘?rfi‘&d |aﬂ€?1 tPEOSpgﬁQ%@P E’Peé’n ce represents
phosphatidfRtHaRblahinks, addBhuMsteddl ek, ﬁﬁiﬁ:cﬁt?ely‘[mhes fai31y:08 ridikates O

fat ont e cerides f din

the fatty zB:th PA{)Q WétﬁHHrtglgccfr}dg?,h llgnl'ﬁiég UI dé(’v &tout any 6)requ
indicates mh‘pmd@d b0 ipregemovithid total fagy scld{ 0082] For exanpl e, a

met hod of di agnosis may conprise determning a

rel ati ve amount of one or nore fatty acids to total

fatty acid content in th |ipids of one or nore lipid

classes in a sanple froma body fluid of the subject,

and correlating that amount with the presence of the

I|ver dlsorder In sone enbodlnents the nethod nay

T o T . o T I e
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WD 2008/ 021192PCT/ US2007/ 017726 HPLC, size excl usion
chr omat ogr aphy, ion exchange chromat ography, capillary
web@sveaphor esi s, mcrofluidics, chronmatographpCT/yszo07/017726
chromat ogr aphy (GC), thin-layer chromatography (TLC),
i mmobi lized nmetal ion affinity chromatography (I MAC),
affinity chromat ography, imunoassays, and/or
colorimetric assays. In some enbodi nents, the methods
of the invention utilize M5 to determine |ipid
nmetabolite content. In sone enbodi nents, the nethods
of the invention utilize an i munoassay to determ ne
lipid nmetabolite content. In sone enbodi nents, the
methods of the invention utilize M5 t0 determ ne the
copcentration of a bjiGAtE:k& . |n songCEMBRdi nents, the

nmet hods of ion utilize an §mminoassay ta
defernine the concent®Bt&d$ of a bi op@EXEIN? [ 0093]
Vati thods are well nown to those of
skill in the art, andalE3%urther desCFEHE¥ in the

f otl owi ng docunments - which are herelpihcorporatedby
reference in their en???%?V MB: Cyr Bmg?"%l. A GC/
[

\*4

va L datad mmthad A noanalar aoa
LB A% 1 T ] BB AN EAVAY | U

of succinylacetoné ﬁbiﬁhF%YTE”%fh.a gE%PxTasna an

anatyti+cat—toot—For ma—type momatogr—B
Anal yt Technol Bi oned éﬁwﬁgﬁg 2006 Eggifﬁ

832(1) 248, Vogeser VpapsStTact T qul gg22:0

cht omat ogr aphy-t andem nmass spectronefry--application
I n[the crinical abof@epfy. C i n Chefickab2hged. 2003
Felp; 41(2):117-26. HPALC. Khalil PN, et al. Validation
an@application of a OEpOFperf or manceCEp4oi d

chit omat ogr aphi c- based assay for detefm nation of the
i npsi ne 5' - nonophosphaEe4:dehydr ogenas€ES8EAi vity in
erythrocytes. J Chroatogr B Anal yt [Technol Bi oned

Li f dotaiFatt Q&dsVay 2BJ4:Fouassier M ets:al.

Determ nation of serptonin release fromplatelets by
HPLC and ELI SA in thel@Pagnosis of h=§hpin i nduced -

t hifonbocyt openi a: copparison with reference nethod by
[C]-serotonin rel easpl&8say; J Thr onp?Henost . 2006
May; 4(5):1136-9; Badjou S et al Def

pl asma ami no aci ds bl 'qFﬁhrescent def F%&W?zat|on and

r ey se | | m||| chr nnmat oaranhi canarati Aan
J T

Lab. 2004; 50(3-4) 158 ‘%“"ér unel 1i T, | ngq" mCIo\rJriJIar N

of Hhree t+heds—For-totad ﬁan"GCty'SLc asta
deternlnatlon. G in L5E1q5001 47(7-8 2§3§)

Zi meHtut—A—et—at—2 oy ﬁé)l the—sinu kalhl!ﬁyu:b

determ nati on of guanldlnoacetlc aci g, creatinine and
CregatTme 11T pt asme anyg.§g3 e by capi | b@hye

el ¢gctrophoresis UV-detection: J Sep pci. 2006 Mar;
29(5)7704-"87 Jabeen| R et al. CapiTlaz¥né

el ectrophoresis and the clinical |abpratory.
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DGxx DGL7: 0 Free Chol esterol FC d7-Chol esterol
Phosphati dyl chol i ne PCxx PC 17:0

wobmspiavi dyl et hanol am ne PExx PEL5: 1n5 PCT/US2007/017726
Lysophosphati dyl chol i ne LYxx LY17:0 Sphi ngomyelin SMx
SML5: 1n5 Prostaglandin E2 PGE2 dPGE2
13, 14-di hydro- 15- ket o Prostagl andin A2 PGA2M dPGB2
Prost agl andi n B2

PE18:1n7; PESFA; PELC; FA16:0; CE22:6n3, TL22:6n3; PCLC; PC18:1n7; LY 18:1n7;
LY18:1n9; LY18:2n6; and LY 18:3n3. In some embodiments, the amount of each of the fatty
acids is the relative amount of the fatty acid to total fatty acid content in the lipids of the lipid
class (as indicated by the prefix preceding the fatty acid).

[0059] For instance, in some embodiments, one or more fatty acids are selg:cted from the
group consisting of: PC18:3n6; PC20:3n6; CE14:0; CE16:1n7; CE18:1n9; CEMUFA; CEn7;
CE18:1n7; CE18:2n6; CE18:3n6; CE22:5n3; CEn6; CEPUFA; PC14:0; PC16:1n7;
PC18:1n9; PC18:3n3; PC18:4n3; PC20:0; PC20:1n9; PC20:4n3; PC20:5n3; PC22:0;
PC22:1n9; PC24:0; PC24:1n9; PCdm; PCdm18:0; PCdm18:1n7; PCSFA; TG14:0;
TG14:1n5; TG16:0; TGl6:1n‘:7; TG18:1n7; TGMUFA; TGn7; TGSFA; TL14:0; TL16:0;
TL18:0; TL16:1n7; TL18:1n7; TL18:1n9; TL18:3n6; TL18:4n3; TG18:3n3; TG20:3n9;
TG22:6n3; TG24:0; CE14:1n5; CE18:0; CE20:0; CE20:1n9; CE20:3n9; CE20:4n3;
CE20:4n6; CE20:2n6; CE22:0; CE22:2n6; CE24:0; CESFA; PC20:4n6; PC22:5n6; PCn6;
PCPUFA; PE20:4n6; TG15:0; TG18:2n6; TG20:0; TGZO:2n6; TG20:4n6; TG20:5n3;
TG22:0; TG22:2n6; TG22:1n9; TG22:4n6; 'TG22:5n6; TG24:1n9; TGn3; TGn6; TGPUFA;
TL15:0; TL20:0; TL22:0; TL18:2n6; TL20:2n6; TL20:3n9; TL20:4n3; TL20:4n6; TL22:4n6;
and TL22:5n6.

[0060] In some embodiments, the liver disorder is steatosis and/or NAFLD and one or
more lipid metabolites are selected from the group consisting of: PC18:3n6; PC20:3n6;
CE14:0; CE16:1n7; CE18:1n9; CEMUFA; CEn7; CE18:1n7; CE18:2n6; CE18:3n6;
CE22:5n3; CEn6; CEPUFA; PC14:0; PC16:1n7; PC18:1n9; PC18:3n3; PC18:4n3; PC20:0;
PC20:1n9; PC20:4n3; PC20:5n3; PC22:0; PC22:1n9; PC24:0; PC24:1n9; PCdm; PCdm18:0;
PCdm18:1n7; PCSFA; TG14:0; TG14:1n5; TG16:0; TG16:1n7; TG18:1n7; TGMUFA;
TGn7; TGSFA; TL14:0; TL16:0; TL18:0; TL16:1n7; TL18:1n7; TL18:1n9; TL18:3n6;
TL18:4n3; PC18:0; PC22:5n3; CE20:3n6; CELC; TGLC; TG18:3n6; TG20:4n3; TG20:3n6;
TG22:5n3;LYLC; LY 18:0; LY20:3n6; PE18:3n6; PE20:3n6; PE22:5n3; FA18:0; FA20:5n3;
FA18:1n9; FA20:3n6; TL20:3n6; CE14:1n5; CE18:0; CE20:0; CE20:1n9; CE20:3n9;
CE20:4n3; CE20:4n6; CE20:2n6; CE22:0; CE22:2n6; CE24:0; CESFA; PC20:4n6;
PC22:5n6; PCn6; PCPUFA; PE20:4n6; TG15:0; TG18:2n6; TG20:0; TG20:2n6; TG20:4n6;
TG20:5n3; TG22:0; TG22:2n6; TG22:1n9; TG22:4n6; TG22:5n6; TG24:1n9; TGn3; TGn6;
TGPUFA; TL15:0; TL20:0; TL22:0; TL18:2n6; TL20:2n6; TL20:3n9; TL20:4n3; TL20:4n6;

28



PGB2 dPGB2 Prostagl andi n F2a PGF2a dPGF2a

15- ket o- Prost agl andi n F2a 15- ket o- PGF2, dPGF2a
wW®200802HPY ost agl andi n Fl a 6- ket o- PG | a dPGF2aPCT/US2007/017726

Thr omboxane B2 TXB2 dTXB2 11-dehydro- Thr onboxane B2 |

1-DTXB2 dl | -DTXB2 Prostagl andin D2 PGD2 dPGD2

Prostagl andin J2 PGJ2 dPGB2 |

5- deoxy- Al 2, 14- Prostagl andin J2

TL22:4n6; TL22:5n6; PC18:2n6; PC20:2n6; PE20:2n6; SM16:0; PCLC; PCI18:1n7;
LY18:1n7; LY 18:1n9; LY 18:2n6; and LY 18:3n3.

[0061] In some embodiments, the lipid metabolites PC18:3n6, PC20:3n6, CE14:0,
CE16:1n7, CE18:1n9, CEMUFA, CEn7, CE18:1n7, CE18:2n6, CE18:3n6, CE22:5n3, CEn6,
CEPUFA, PC14:0, PC16:1n7, PC18:1n9, PC18:3n3, PC18:4n3, PC20:0, PC20:1n9,
PC20:4n3, PC20:5n3, PC22:0, PC22: 1n9, PC24:0, PC24:1n9, PCdm, PCdm18:0,
PCdm18:1n7, PCSFA, TG14:0, TG14:1n5, TG16:0, TG16:1n7, TG18:1n7, TGMUFA,
TGn7, TGSFA, TL14:0, TL16:0, TL18:0, TL16:1n7, TL18:1n7, TL18:1n9, TL18:3n6,
TL18:4n3, PC18:0, PC22:5n3, CE20:3n6, CELC, TGLC, TG18:3n6, TG20:4n3, TG20:3n6,
TG22:5n3,LYLC, LY 18:0, LY20:3n6, PE18:3n6, PE20:3n6, PE22:5n3, FA18:0, FA20:5n3,
FA18:1n9, and/or FA20:3n6 are positively associated with steatosis and/or NAFLD. In some
embodiments, the lipid metabolites CE14:1n5, CE18:0, CE20:0, CE20:1n9, CE20:3n9,
CE20:4n3, CE20:4n6, CE20:2n6, CE22:0, CE22:2n6, CE24:0, CESFA, PC20:4n6,
PC22:5n6, PCn6, PCPUFA, PE20:4n6, TG15:0, TG18:2n6, TG20:0, TG20:2n6, TG20:4n6,
TG20:5n3, TG22:0, TG22:2n6, TG22:1n9, TG22:4n6, TG22:5n6, TG24:1n9, TGn3, TGn6,
TGPUFA, TL15:0, TL20:0, TL22:0, TL18:2n6, TL20:2n6, TL20:3n9, TL20:4n3, TL20:4n6,
TL22:4n6, TL22:5n6, PC18:2n6, PC20:2n6, PE20:2n6, SM16:0, PCLC, PC18:1n7,
LY18:1n7, LY 18:1n9, LY18:2n6, and/or LY 18:3n3 are negatively associated with steatosis
and/or NAFLD.

[0062] In some alternative embodiments, the liver disorder is NASH and one or more lipid
metabolites are selected from the group consisting of: PC18:3n6; PC20:3n6; CE14:0;
CE16:1n7; CE18:1n9; CEMUFA; CEn7; CE18:1n7; CE18:2n6; CE18:3n6; CE22:5n3; CEn6;
CEPUFA; PC14:0; PC16:1n7; PC18:1n9; PC18:3n3; PC18:4n3; PC20:0; PC20:1n9;
PC20:4n3; PC20:5n3; PC22:0; PC22:1n9; PC24:0; PC24:1n9; PCdm; PCdm18:0;
PCdm18:1n7; PCSFA; TG14:0; TG14:1n5; TG16:0; TG16:1n7; TG18:1n7, TGM'UFA;
TGn7; TGSFA; TL14:0; TL16:0; TL18:0; TL16:1n7; TL18:1n7; TL18:1n9; TL18:3n6;
TL18:4n3; LY 16:0; FA18:1n7; SM18:0; SM22:1n9; SMLC; PC18:0; PC22:5n3; CE20:3n6;
CELC; TGLC; TG18:3n6; TG20:4n3; TG20:3n6; TG22:5n3;LYLC; LY 18:0; LY20:3n6;
PE18:3n6; PE20:3n6; PE22:5n3; FA18:0; FA20:5n3; FA18:1n9; FA20:3n6; 15-HETE;
TL20:3n6; TG18:3n3; TG20:3n9; TG22:6n3; TG24:0; CE14:1n5; CE18:0; CE20:0;
CE20:1n9; CE20:3n9; CE20:4n3; CE20:4n6; CE20:2n6; CE22:0; CE22:2n6; CE24:0;
CESFA; PC20:4n6; PC22:5n6; PCn6; PCPUFA; PE20:4n6; TG15:0; TG18:2n6; TG20:0;
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Pal 2M d PGB2 1113-Prostagl andin F2a 1113- PGF2a dPGF2a
5(S) - Hydr oxyei cosat etraenoi ¢ acid 5- HETE d5- HETE

WG L@ MeY OXyei cosapent aenoi ¢ aci d 5-1- 1 EPE d1PcHEIH07/017726
Leukotriene B4 LTB4 dLT134 Leukotriene B5 LTB5 dLTB4
Leukotriene C4 LTCA dLTI 34 Leukotriene D4 LTD4 dLTB4
Leukotri ene E4

TG20:2n6; TG20:4n6; TG20:5n3; TG22:0; TG22:2n6; TG22:1n9; TG22:4n6; TG22:5n6;
TG24:1n9; TGn3; TGn6; TGPUFA; TL15:0; TL20:0; TL22:0; TL18:2n6; TL20:2n6;
TL20:3n9; TL20:4n3; TL20:4n6; TL22:4n6; TL22:5n6; PC22:6n3; PE22:6n3; LY22:6n3;
PE14:0; PE18:1n7; PESFA; PELC; FA16:0; CE22:6n3, TL22:6n3; PCLC; PC18:1n7;
LY18:1n7;LY18:1n9; LY 18:2n6; and LY 18:3n3.

[0063]) In some embodiments, the lipid metabolites PC18:3n6, PC20:3n6, CE14:0,
CE16:1n7, CE18:1n9, CEMUFA, CEn7, CE18:1n7, CE18:2n6, CE18:3n6, CE22:5n3, CEné,
CEPUFA, PC14:0, PC16:1n7, PC18:1n9, PC18:3n3, PC18:4n3, PC20:0, PC20:1n9,
PC20:4n3, PC20:5n3, PC22:0, PC22:1n9, PC24:0, PC24:1n9, PCdm, PCdm18:0,
PCdm18:1n7, PCSFA, TG14:0, TG14:In5, TG16:0, TG16:1n7, TG18:1n7, TGMUFA,
TGn7, TGSFA, TL14:0, TL16:0, TL18:0, TL16:1n7, TL18:1n7, TL18:1n9, TL18:3n6,
TL18:4n3, LY16:0, FA18:1n7, SM18:0, SM22:1n9, SMLC, PC18:0, PC22:5n3, CE20:3n6,
CELC, TGLC, TG18:3n6, TG20:4n3, TG20:3n6, TG22:5n3,LYLC, LY 18:0, LY20:3n6,
PE18:3n6; PE20:3n6, PE22:5n3, FA18:0, FA20:5n3, FA18:1n9, FA20:3n6, and/or TL20:3n6
are positively associated with NASH. In some embodiments, the lipid metabolites
TG18:3n3, TG20:3n9, TG22:6n3, TG24:0, CE14:1n5, CE18:0, CE20:0, CE20:1n9,
CE20:3n9, CE20:4n3, CE20:4n6, CE20:2n6, CE22:0, CE22:2n6, CE24:0, CESFA,
PC20:4n6, PC22:5n6, PCn6, PCPUFA, PE20:4n6, TG15:0, TG18:2n6, TG20:0, TG20:2n6,
TG20:4n6, TG20:5n3, TG22:0, TG22:2n6, TG22:1n9, TG22:4n6, TG22:5n6, TG24:1n9,
TGn3, TGn6, TGPUFA, TL15:0, TL20:0, TL22:0, TL18:2n6, TL20:2n6, TL20:3n9,
TL20:4n3, TL20:4n6, TL22:4n6, TL22:5n6, PC22:6n3, PE22:6n3, LY22:6n3, PE14:0,
PE18:1n7, PESFA, PELC, FA16:0, CE22:6n3, TL22:6n3, PCLC, PC18:1n7, LY18:1n7,
LY18:1n9, LY18:2n6, and/or LY 18:3n3 are negatively associated with NASH.

[0064] In some embodiments, if the relative amount of PC18:3n6, PC20:3n6, CE14:0,
CEl6:in7, CE18:1n9, CEMUFA, CEn7, CE18:1n7, CE18:2n6, CE18:3n6, CE22:5n3, CEn6,
CEPUFA, PC14:0, PC16:1n7, PC18:1n9, PC18:3n3, PC18:4n3, PC20:0, PC20:1n9,
PC20:4n3, PC20:5n3, PC22:0, PC22:1n9, PC24:0, PC24:1n9, PCdm, PCdm18:0,
PCdm18:1n7, PCSFA, TG14:0, TG14:1n5, TG16:0, TG16:1n7, TG18:1n7, TGMUFA,
TGn7, TGSFA, TL14:0, TL16:0, TL18:0, TL16:1n7, TL18:1n7, TL18:1n9, TL18:3n6, and/or
TL18:4n3 is greater than a reference (e.g., a normal control), then accumulation of
triglycerides in the liver is indicated. In some embodiments, hepatic impairment, hepatic
steatosis, NAFLD, and/or NASH is indicated.
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LTE4 dLTB4 Leukotriene F4 LTF4 dLTB4

12(S) - Hydr oxyei cosatetraenoi ¢ acid 12- HETE dl 2- HETE
wa2(Sp2Hydr oxyei cosapent aenoi ¢ aci d 12- HEPE dl PGFHE2DR7/017726

15(S) - Hydr oxyei cosatetraenoic acid | 5-HETE d15- HETE

15(S) - Hydr oxyei cosapent aenoi ¢ acid 15- HEPE d15- HETE
Li poxin A4 LXA4 d LTB4 8(S)-Hydroxyei cosatetraenoic
acid 8-METE dI 2-HETE 9- Hydr oxyei cosatetraenoic acid

[0065] In some embodiments, if the relative amount of CE14:1n5, CE18:0, CE20:0,
CE20:1n9, CE20:3n9, CE20:4n3, CE20:4n6, CE20:2n6, CE22:0, CE22:2n6, CE24:0,
CESFA, PC20:4n6, PC22:5n6, PCn6, PCPUFA, PE20:4n6, TG15:0, TG18:2n6, TG20:0,
TG20:2n6, TG20:4n6, TG20:5n3, TG22:0, TG22:2n6, TG22:1n9, TG22:4n6, TG22:5n6,
TG24:1n9, TGn3, TGn6, TGPUFA, TL15:0, TL20:0, TL22:0, TL18:2n6, TL20:2n6,
TL20:3n9, TL20:4n3, TL20:4n6, TL22:4n6, and/or TL22:5n6 is lower than a reference (e.g.,

a normal control), then accumulation of triglycerides in the liver is indicated. In some

embodiments, hepatic impairment, hepatic steatosis, NAFLD, and/or NASH is indicated.

{0066] In some embodiments, the amounts of the fatty acids (e.g., the relative amounts of

the fatty acids within particular lipid classes) are determined from a blood, serum, plasma, or

isolated lipoprotein fraction sample.

Eicosanoid Markers for Steatosis, NAFLD, NASH, and/or Other Liver Disorders

[0067] The present invention provides methods in which one, some, or all of the lipid

metabolites measured in the sample(s) may be eicosanoids. Non-limiting, exemplary

eicosanoids are provided in Table 2, in Table 9 in Example 5, and in Table 10 in Example 5.

" Exemplary abbreviations for eicosanoids are indicated in Table 9.

Table 2. List of Eicosanoids

13-14-dihydro-15-keto PGA2 | PGB2 PGD2

PGE2 6-keto PGF 1a PGF2a
11b-PGF2a 15-keto PGF2a PGJ2
15-deoxy-0-12,14-PGJ2 TXB2 11-dehydro TXB2
8-is0-PGF2a 9-HODE 13-HODE
S-HETE 8-HETE 9-HETE
11-HETE 12-HETE 15-HETE
5(S)-HEPE 12(S)-HEPE 15(S)-HEPE
LTB4 LTB5 LTC4

LTD4 LTE4 LTF4

Lipoxin A4 20-HETE 12(13)-DiHOME
12(13)-EpOME 9(10)-EpOME 5(6)-EpETTE

11(12)-EpETrE

14(15)-EpETrE

5,6-DiHETTE

8,9-DIHETrE

11,12-DiHETrE

14,15-DIiHET(E

14,15-DiHETE

17,18-DiHETE

14(15)-EpETE

17(18)-EpETE

19(20)-DiHDPA

6kPGFla PGJ2 8,9 DIHETTE
D8-12 HETE D4- 6 keto PGF1a PGB2
5,6 DIHETTE 9 HETE d4-8-iso-PGF2a
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9-H ETE dl 2-HETE  11-Hydroxyei cosatetraenoic acid
11- HETE dlI 5-HETE 8-i so-Prostagl andin F2a 8-i so- PGF2a
W@ R@BAz1192 Hydr oxyoct adecadi enoi ¢ aci d 9- HODE dBcHOIEXE07/017726

13- Hydr oxyoct adecadi enoi ¢ aci d 13- HODE d13- HODE
20( S) - Hydr oxyei cosat et raenoi ¢ acid 20- HETE d15- HETE
9, 10- Epoxyoct adecenoi c acid 9, 10- EpOM E d15- HETE
12, 13- Epoxyoct adecenoi ¢ acid 12, 13- EpOVE

LTBS 20 HETE 11(12) EpETtE
D4- PGF2a D4- PGB2 15 HEPE

11 HETE 11bPGF2a LTC4

15 deoxy 12,14 PGJ2 8 HETE TXB2

LTE4 12 (S) HEPE 14(15) EpETE
D4- TXB2 LTF4 5 (S) HEPE

12 HETE 8-iso-PGF2a 13,14 dihydro15 keto PGA2
D4- 13 HODE D8- 5 HETE PGF2a

LTD4 D4- 9 HODE S HETE

D4- PGE2 17,18 DIHETE 13 HODE

5(6) EpETIE D4- PGD2 D4- LTB4
12(13) EpOME 11 dehydro TXB2 LTB4

9 HODE D4- 11 dhTXB2 14,15 DIHETE
9(10) EpOME PGE2 12(13) DIHOME
D8-15 HETE PGD2 14,15 DiIHETtE
15 HETE 15 keto PGF2a 19,20 DIHDPA
14(15) EpETIE Lipoxin A4 11,12 DiIHETTE
17(18) EpETE

[0068] In some embodiments, the method may involve measuring the amount of more than

one lipid metabolite, such as 2, 3, 4, 5, 10, 15, 20, or more lipid metabolites, which may

include 2, 3, 4, 5, 10, 15, 20, or more fatty acid markers described herein and/or 2, 3, 4, 5, 10,

15, 20, or more eicosanoid markers described herein. In some embodiments, two or more

lipid metabolites in Table 2 are measured. In some embodiments, three or more lipid

metabolites in Table 2 are measured. In some embodiments, five or more lipid metabolites in

Table 2 are measured. In some embodiments, two or more lipid metabolites in Tables 9

and/or 10 (see Example 5, below) are measured. In some embodiments, three or more lipid

metabolites in Tables 9 and/or 10 are measured. In some embodiments, five or more lipid

metabolites in Tables 9 and/or 10 are measured. In some embodiments, two or more lipid

metabolites in Table 1, Table 2, Table 7 (see Example 4, below), Table 8 (see Example 4,

below), Table 9, and/or Table 10 are measured. In some embodiments, three or more lipid

metabolites in Table 1, Table 2, Table 7, Table 8, Table 9, and/or Table 10 are measured. In
some embodiments, five or more lipid metabolites in Table 1, Table 2, Table 7, Table 8,
Table 9, and/or Table 10 are measured. In some embodiments, two or more lipid metabolites
in Table 7, Table 8, and/or Table 10 are measured. In some embodiments, three or more lipid
metabolites in Table 7, Table 8, and/or Table 10 are measured. In some embodiments, five or

more lipid metabolites in Table 7, Table 8, and/or Table 10 are measured.
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d15- HETE 12, 13- Di hydr oxyoct adecenoi ¢ acid 12, 13
- D HOVE d15- HETE 5, 6- Epoxyei cosatri enoi c acid

wG2@8apETY E d15- HETE 11, 12- Epoxyei cosat ri enoi cP@Dius2007/017726
11, 12- EpETrE dl 5- HETE 14, 15- Epoxyei cosatri enoic acid
14,1 5- EpETrE dlI 5- HETE 5, 6- Di hydr oxyei cosatri enoi c
acid 5,6-D HETrE dl 5- HETE 8, 9- Di hydr oxyei cosatri enoi c
acid 8,9-D HETrE d15- HETE
11, 12- Di hydr oxyei cosatrienoic acid 11, 12-D HETEr E
d5- HETE 14, 15- Di hydr oxyei cosatri enoi c aci d
14, 15- Di HETr E

[0069] In some embodiments, one or more lipid metabolites are selected from the group
consisting of PGB2; PGE2; PGF2a; 15-keto-PGF2a; 5-HETE; S-HETE; 9-HETE; 11-HETE;
12-HETE; 12-HEPE; 11,12-EpETE; 8,9-DiHETIE. 15-HETE; PGA2M; 6-keto-PGFla; 11-
DTXB2; 12,13-DiHOME,; 9,10-EpOME; 12,13-EpOME; and 19,20-DiHDPA.

[0070] In some embodiments, the following eicosanoids are positively associated with
NASH : PGB2; PGE2; PGF2a; 15-keto-PGF2q; 5-HETE; 8-HETE; 9-HETE; 11-HETE; 12-
HETE; 12-HEPE; 11,12-EpETrE; 8,9-DiHETrE; and 15-HETE. In some embodiments, 15-
HETE is positively associated with steatosis and/or NAFLD. In some embodiments, the
following eicosanoids are negatively associated with steatosis and/or NAFLD: PGA2M; 6-
keto-PGFla; 11-DTXB2; 12,13-DiHOME; 9,10-EpOME; 12,13-EpOME; and 19,20-
DiHDPA. In some embodiments, the eicosanoid 19,20-DiHDPA is negatively associated
with NASH.

[0071] In certain embodiments, the method is a method of diagnosing NASH in a subject,
comprising not only determining a relative amount of one or more fatty acids to total fatty
acid content in the lipids of one or more lipid classes in a sample from a body fluid of the
subject, but also the step of determining the level of an eicosanoid in a body fluid from the
subject. In some embodiments, a higher than normal level of the eicdsanoid is indicative of
NASH. In some embodiments, the eicosanoid is selected from the group consisting of 15-
HETE; PGB2; PGE2; PGF2a; 15-keto-PGF2qa; 5-HETE; 8-HETE; 9-HETE; 11-HETE; 12-
HETE; 12-HEPE; 11,12-EpETrE; and 8,9-DiHETTE.

[0072] In some embodiments, the amounts of the eicosanoids are determined from a blood,

serum, plasma, or isolated lipoprotein fraction sample.
Other Biomarkers for Steatosis, NAFLD, NASH, and/or Other Liver Disorders

[0073] The invention further provides, in some embodiments, methods in which not only
the amount of one or more lipid metabolites, such as any one or more of the fatty acids and/or
eicosanoids provided herein, are determined in a sample, but also the amount of one or more

additional biomarkers is determined.

[0074] The following additional biomarkers may aid the diagnosis of steatosis, NAFLD
and NASH:
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d15- HETE 14, 15- Epoxyei cosat etraenoi ¢ acid 14, 15- EpETE
d15- HETE 17, 18- Epoxyei cosatetraenoi c acid 17, 18- EpETE
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14, 15- Di HETE dlI 5HT 17, 18- Di hydroxyei cosatetraenoic

acid 17,18-D HETE dl 5HT

19, 20- D hydr oxydocosapent aenoi ¢ acid 19, 20- Di HDPA

dl 5SHT Kits [0098] Kits for practicing the nethods of

the invention are provided. The kits include (a) one

or nore reagents for neasuring the anount of one or

nore lipid nmetabolites; and (b) instructions for use.

A kit may provide 1, 2, 3, 4, 5, 10, 15, 20, or nnre

reagents for neasuring the anount of 1, 2, 3, 4,

10, 1%) maBnyleCoArendmplopylgamiting blsv4ls @ﬁfeaSPmémk‘i“t"eﬁsd% levels of
tHQJ&g$Q§RthQV|de one or nore reagents for neasuring one

nor e diti onal biomarkers, such as those disclosed
abov e2) fiericarpitime Breysobstame, iy asyloarnitings listekin; able; 3devefs;

decrdd3€ Wit @rﬁ:r&@ﬁlg QveltRF ﬁ'lg'l%éﬁﬂég ifi 1ivex) ot ﬁﬁi}dafhpﬁﬁ'ﬁ and/or
i Munoassa i ncl.ydes on

or RGeSt GG Do L fpeRA Ly repegtifereses
chol &Iy RtRBiS or ihExangagent i s an anti body. Methods of
naking anti bodi es are known to those of ordinary skill

[omspo gy Al and 193@%%@@&9&9 bESRAGH ﬁleam@mtegeva%amom

es a I n each of
bnonuael@m EeniplaeedeHulansamplasringlpde, kvttarq:mb'm'@ééo (bayp'mﬁytes and
"mcgﬁgaggdy to alipid netabolite; and (b) instructions
f use. In some enbodi nents, the kit further

conpr | gc) second antlbody to a second lipid
netab?&#%%——iﬁ—géﬂé—éﬁﬁ8%lnents the kit further

conprises (d) a third antibody to a third lipid

L-Careitiabol i t e. | ns_onButgrpbetdingent s, t he fliAsstyl caraitingd

Propémy] carnitihe rd | i pi PBwtptyhbarhitine i s a f at|tiexanoyl capgimgQ]

ValefYieamirient i on i s [ Qethinenl carhitingt r at ed _hyD¢cheoy gdrnihing

Myrismyl tarmiting ng e x anpPalwitof)cAlvitireS MATHERY | AR itARID

OledyEdarmbee FOR EXAMPLESolkogd c8itnitihe Popul atli Amashidoyl carnitine

Dodecanoyl carnitine

Table 4. List of Bile Acids and Sterols

Cholic Acid Chenodeoxycholic Acid Deoxycholic Acid
Lithocholic Acid Glycocholic Acid Taurodeoxycholate
Glycochenodeoxycholate Taurochenodeoxycholate B-Muricholic Acid
Taurolithocholic acid Ursodeoxycholic acid Taurodeoxycholic acid
Taurocholic acid Glycodesoxycholic acid Glycolithocholic acid
Glycoursodeoxycholic acid Cholesterol Coprostanol
Cholestanol Lanosterol Lathosterol
B-Sitosterol Desmosterol Campesterol.
Coprosterol Lathosterol Campesterol
Stigmasterol 4-Cholesten-3-One Fucosterol

[0076] Additionally, the following additional biomarkers may aid in the diagnosis of
NASH as distinct from NAFLD:

(1) The sterols and bile acids listed in Table 4 (levels increase with increased
cholesterol synthesis) or in Example 6;
(2) Eicosanoids including, but not limited to, those shown in Table 2 (above), in

Table 9 of Example 5, or in Table 10 of Example 5; and/or
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101011 The first data set conprised forty-nine (49)

liver biopsy sanples, which were profiled to determ ne
whean2ia9iri gl yceri de conposition and correl at PORUSZ0DTI017726

hepatic triglyceride concentrations. Anong these

sanpl es were eight (8) subjects graded as NASH, six

(6) subjects graded as NAFLD, and thirty-five (35)

normal sanpl es as assessed by a pat hol ogi cal

exam nation of the tissue. These 49 |iver sanples were

coll ected frommales and fenmal es of diverse races

(white, black, and undefined). Nine of the subjects

with normal |iver provided matching plasma sanpl es.

These sanpl es were used to provide a correlation
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EXAVPLE 3 MARKERS OF NAFLD AND NASH [ 01131 The
nmet abolite markers of NAFLD and NASH in Table 6 were
w@edoeoeae based on their observed and/ or predi BCEUS2007/017726
correlation with the total triglyceride content of
liver. Additionally, these markers shown sone
correlation useful in classifying all 16 subjects
tested with normal Iiver function or hepatic
i mpai rment. Table 6. Bl ood-based Lipid Metabolite
Mar kers of Hepatic Steatosis (Based on Ml e
Percentage) Li | id Class Positive Correl ates
Negative Correl ates Triglycerides TG 14:0 TG 15:0
TGl4: 1n5 TGL8:2n6 TG16: 0 TGL8:3n3 TGL8: 1n7 T&0: 0

[0081] In some embodiments, the methods comprise comparing the amounts(s) of one or
more lipid metabolites to one or more references. In some embodiments, a reference
represents the normal level of the lipid metabolite. In some embodiments, a reference is an
amount of the lipid metabolite previously measure for the same subject. In some
embodiments, the reference is a relative amount of the one or more fatty acids to total fatty
acid content in the triglycerides in a sample from a body fluid previously obtained from the
subject. In some embodiments, the reference represents the relative amount of the one or
more fatty acids to total fatty acid content in the triglycerides found in one or more samples

from a body fluid of one or more subjects having normal livers.

[0082] For example, a method of diagnosis may comprise determining a relative amount of
one or more fatty acids to total fatty acid content in the lipids of one or more lipid classes in a
sample from a body fluid of the subject, and correlating that amount with the presence of the
liver disorder. In some embodiments, the method may further comprise the step of comparihg
the relative amount to a reference, wherein if the relative amount is greater than the reference,
hepatic impairment, hepatic steatosis, NAFLD, steatohepatitis, or NASH is indicated. In
some embodiments, the method may further comprise the step of comparing the relative
amount to a reference, wherein if the relative amount is less than the reference, hepatic

impairment, hepatic steatosis, NAFLD, steatohepatitis, or NASH is indicated.

[0083] Similarly, the severity of the liver disorder may be measured, wherein the relative
amount indicates the severity of the liver disorder. Additionally, the relative amount indicates
the current state of the liver, and thus a liver disorder may be monitored and/or the
progression or regression of the disorder assessed. The relativé amount may be measured at
two or more time points. In some embodiments, the relative amount may be measured at 2, 3,
4,5,6,7,8,10, 12, 15, 20, or more time points. Each time point may be separated by one or
more hours, days, weeks, or months. By measuring the relative amount at more than one time

point, the clinician may assess a subject’s response to treatment.

[0084] In some embodiments, the relative amount may be compared to a reference. In some
embodiments, if the relative amount is greater than the reference, hepatic impairment, hepatic
steatosis, NAFLD, steatohepatitis, or NASH is indicated. In some embodiments, if the
relative amount is less than the reference, hepatic impairment, hepatic steatosis, NAFLD,
steatohepatitis, or NASH is indicated. The difference between the relative amount and the
reference may also be used to indicate severity. For example, as the relative amount becomes
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increasingly greater than the reference, increasing severity of disease is indicated. Or, for
example, as the relative amount becomes increasingly less than the reference, increasing
severity of disease is indicated. Exemplary references may be based on the amount(s) of a
lipid metabolite(s) from, but not limited to, individuals with normal livers, individuals with
hepatic impairment, individuals with steatosis, individuals with NAFLD, individuals with
steatohepatitis, individuals with NASH, individuals with cirrhosis, and/or individuals with
fibrosis. The reference may also be based on individuals with a liver disorder resulting from a
particular cause, for example, one or more of those found below. The reference may also be
based on samples previously obtained from the subject, for example, before the liver disorder
developed, before treatment began, after treatment was ended, and/or at different time points
during treatment. In some embodiments, the reference is the relative amount of one or more
fatty acids to total fatty acid content in one or more lipid classes in one or more samples of a
body fluid previously obtained from the subject. In some embodiments, the reference
represents the relative amount of one or more fatty acids to total fatty acid content in one or
more lipid classes in one or more samples of a body fluid of one or more subjects having

normal livers.

[0085] In some embodiments, the subject is a mammal. In some embodiments, the mammal

is a primate. In some embodiments, the subject is a human.

[0086] In some embodiments, the method is a method of monitoring a liver disorder that is

used to determine the subject’s response to treatment.
Causes of Steatosis, NAFLD, Steatohepatitis and NASH

[0087] The fatty acid liver disorders that may benefit from the methods of the invention
may be caused by a variéty of factors. Non-limiting examples include: hepatitis; steatosis
induced by viral or non-viral infectious agents, such as yellow fever, HIV, HBV, and HCV;
drug-induced steatosis, such as by tamoxifen, uncoupling protein inhibitors, Isoniazid,
Rifampicin, fibrates, and peroxisome proliferator-activated receptor (PPAR) agonists;
metabolic causes, such as obesity, polycystic ovary syndrome (PCOS), diabetes, insulin
resistance, and metabolic disorder; alcohol-based causes such as alcoholic fatty liver disease
and alcoholic steatohepatitis; inborn errors of metabolism or genetic alterations, such as citrin
deficiency, hemochromatosis, and hyperferritinemia; toxin-induced causes, such as toxin-

induced steatosis or toxin-induced steatohepatitis, for example, by carbon tetrachloride;
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malnutrition; impaired nutrient absorption; celiac disease; lipodystrophy; bariatric surgery;

and liver transplants.

{0088] Thus, in some embodiments, the liver disorder is associated with one or more
conditions selected from the group consisting of: hepatitis, HIV infection, HBV infection,
HCYV infection, viral-induced steatosis, steatosis induced by a non-viral infectious agent,
drug-induced steatosis, obesity, polycystic ovary syndrome (PCOS), diabetes, insulin
resistance, metabolic disorder, alcoholiq fatty liver disease, alcoholic steatohepatitis, an
inborn error of metabolism, a genetic alteration, toxin-induced steatosis, toxin-induced
steatohepatitis, malnutrition, impaired nutrient absorption, celiac disease, lipodystrophy,

bariatric surgery, and a liver transplant.

[0089] The diagnostic methods may also be used for the assessment of liver grafts,
suitability of individuals for liver graft donation, evaluation before bariatric surgery,
evaluation of bariatric surgery patients to assess response to surgery, and evaluation of weight

loss patients.
Methods of Measurement of Lipid Metabolites and Biomarkers

[0090] Assays for lipid metabolite content may be performed on a body fluid sample. In
some embodiments, the amounts of the lipid metabolites are determined from sample(s)
selected from the group consisting of blood, plasma, serum, isolated lipoprotein fraction,
saliva, urine, lymph fluid, and cerebrospinal fluid. In some embodiments, the assays may be
performed on whole blood, plasma, serum, or isolated lipoprotein fractions. In some
embodiments, the sample(s) are plasma or serum. Assays for the additional biomarkers may

be performed on a body fluid or a cellular sample.

[0091] In some embodiments, multiple different lipid metabolites are measured in the same
sample. In other embodiments, each of multiple lipid metabolites are measured from a
different sample. If multiple samples are used, the samples may be from the same or

different body fluids of the subject.

[0092] The lipid metabolites and other biomarkers may readily be isolated and/or
quantified by methods known to those of skill in the art, including, but not limited to,
methods utilizing: mass spectrometry (MS), high performance liquid chromatography

(HPLC), isocratic HPLC, gradient HPLC, normal phase chromatography, reverse phase
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HPLC, size exclusion chromatography, ion exchange chromatography, capillary
electrophoresis, microfluidics, chromatography, gas chromatography (GC), thin-layer
chromatography (TLC), immobilized metal ion affinity chromatography (IMAC), affinity
chromatography, immunoassays, and/or colorimetric assays. In some embodiments, the
methods .of the invention utilize MS to determine lipid metabolite content. In some
embodiments, the methods of the invention utilize an immunoassay to determine lipid
metabolite content. In some embodiments, the methods of the invention utilize MS to
determine the concentration of a biomarker. In some embodiments, the methods of the

invention utilize an immunoassay to determine the concentration of a biomarker.

[0093] Various analytical methods are well known to those of skill in the art, and are
further described in the following documents, which are herein incorporated by reference in
their entirety: MS: Cyr D, et al. A GC/MS validated method for the nanomolar range
determination of succinylacetone in amniotic fluid and plasma: an analytical tool for
tyrosinemia type 1. J Chromatogr B Analyt Technol Biomed Life Sci. 2006 Feb 17;832(1):24-
9; Vogeser M. Abstract Liquid chromatography-tandem mass spectrometry--application in
the clinical laboratory. Clin Chem Lab Med. 2003 Feb;41(2):117-26. HPLC: Khalil PN, et al.
Validation and application of a high-performance liquid chromatographic-based assay for
determination of the inosine 5'-monophosphate dehydrogenase activity in erythrocytes. J
Chromatogr B Analyt Technol Biomed Life Sci. 2006 May 23; Fouassier M, et al.
Determination of serotonin reiease from platelets by HPLC and ELISA in the diagnosis of
heparin-induced thrombocytopenia: comparison with reference method by [C]-serotonin
release assay; J Thromb Haemost. 2006 May;4(5):1136-9; Badiou S, et al. Determination of
plasma amino acids by fluorescent derivatization and reversed-phase liquid chromatographic
separation. Clin Lab. 2004;50(3-4):153-8; Brunelli T, et al. Comparison of three methods for
total homocysteine plasma determination. Clin Lab. 2001;47(7-8):393-7. CE: Zinellu A, et al.
Assay for the simultaneous determination of guanidinoacetic acid, creatinine and creatine in
plasma and urine by capillary electrophoresis UV-detection. J Sep Sci. 2006 Mar;29(5):704-
8; Jabeen R, et al. Capillary electrophoresis and the clinical laboratory. Electrophoresis. 2006
May 23; Gao P, et al. Rapid detection of Staphylococcus aureus by a combination of
monoclonal antibody-coated latex and capillary electrophoresis. Electrophoresis. 2006
May;27(9):1784-9. Microfluidics: Johannessen EA, et al. A suspended membrane
nanocalorimeter for ultralow volume bioanalysis. IEEE Trans Nanobioscience. 2002

Mar;1(1):29-36; Herrmann M, et al. Enzymatically-generated fluorescent detection in micro-
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PC22: 5n3 PC18: 4n3 PC20: 0 PC20: 1n9 PC20: 2n6
PC20: 3n6 PC20: 4n3 PC20: 5n3 PC22: 0
WO 2008/021192 PCT/US2007/017726

channels with internal magnetic mixing for the development of parallel microfluidic ELISA;
Lab Chip. 2006 Apr;6(4):555-60. Epub 2006 Mar 3; Yang S, et al. Blood plasma separation
in microfluidic channels using flow rate control. ASAIO J. 2005 Sep-Oct;51(5):585-90;
Dupuy AM, et al. Protein biochip systems for the clinical laboratory; Clin Chem Lab Med.
2005;43(12):1291-302. Chromatography: Paterson S, et al. Validation of techniques to detect
illicit heroin use in patients prescribed pharmaceutical heroin for the management of opioid
dependence. Addiction. 2005 Dec;100(12):1832-9; Bottchér M, et al. Evaluation of
buprenorphine CEDIA assay versus GC-MS and ELISA using urine samples from patients in
substitution treatment. J Anal Toxicol. 2005 Nov-Dec;29(8):769-76; Julak J.
Chromatographic analysis in bacteriologic diagnostics of blood cultures, exudates, and
bronchoalveolar lavages. Prague Med Rep. 2005;106(2):175-94; Boettcher M, et al.
Precision and comparability of Abuscreen OnLine assays for drugs of abuse screening in
urine on Hitachi 917 with other immunochemical tests and with GC/MS. Clin Lab.
2000;46(1-2):49-52. Immunoassays: Boettcher M, et al. Precision and comparability of
Abuscreen OnLine assays for drugs of abuse screening in urine on Hitachi 917 with other
immunochemical tests and with GC/MS. Clin Lab. 2000;46(1-2):49-52; Westermann J, et al.
Simple, rapid and sensitive determination of epinephrine and norepinephrine in urine and
plasma by non-competitive enzyme immunoassay, compared with HPLC method. Clin Lab.
2002;48(1-2):61-71; Aoyagi K, et al. Performance of a conventional enzyme immunoassay
for hepatitis C virus core antigen in the early phases of hepatitis C infection. Clin Lab.
2001;47(3-4):119-27; Hubl W, et al. A multi-center quality control study of different CA15-
3 immunoassays. Clin Lab. 2005;51(11-12):641-5; Haller CA, et al. Comparison of an
automated and point-of-care immunoassay to GC-MS for urine oxycodone testing in the
clinical laboratory. J Anal Toxicol. 2006 Mar;30(2):106-11; Bayer M, et al. Evaluation of a
new enzyme-linked immunosorbent assay for the determination of neopterin. Clin Lab.
2005;51(9-10):495-504; Groche D, et al. Standardization of two immunological HbAlc
routine assays according to the new IFCC reference method. Clin Lab. 2003;49(11-12):657-
61; Ivan D, et al; German KIMS Board. Applicability of recently established reference
values for serum insulin-like growth factor 1: A comparison of two assays--an (automated)
chemiluminescence immunoassay and an enzyme-linked immunosorbent assay. Clin Lab.
2005;51(7-8):381-7. Colormetric assays: Kramer KA, et al. Automated spectrophotometric
analysis of mitochondrial respiratory chain complex enzyme activities in cultured skin
fibroblasts. Clin Chem. 2005 Nov;51(11):2110-6; Groche D, et al. Standardization of two

immunological HbA 1c routine assays according to the new IFCC reference method. Clin
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WO 2008/021192 PCT/US2007/017726

Lab. 2003;49(11-12):657-61; Wolf PL. History of diagnostic enzymology: A review of
significant investigations. Clin Chim Acta. 2006 Mar 24.

[0094] The TrueMass® analytical platform may also be used for the methods of the
invention. TrueMass® is an analytical platform that may be used to get quantitative data from
serum or plasma on approximately 400 individual metabolites involved in structural and
energetic lipid metabolism such as triglyceride, cholesterol ester and phospholipid
metabolism. This platform is useful in profiling diseases as structural and energetic lipids are
central components of metabolism and integrated into virtually every biological process in
the body. A data set for a plasma or serum sample comprises the quantitative measurement of
free cholesterol and the following fatty acids from phosphatidylcholines,
phosphatidylethanolamines, lyso-phosphatidylcholines, triglycerides, diglycerides, free fatty
acids, and cholesterol esters: 14:0, 15:0, 16:0, 18:0, 20:0, 22:0, 24:0, 14:1n5, 16:1n7, t16:1n7,
18:1n9, t18:1n9, 18:1n7, 18:2n6, t18:2n6, 18:3n6, 18:3n3, 18:4n3, 20:1n9, 20:2n6, 20:3n9, .
20:3n6, 20:4n6, 20:3n3, 20:4n3, 20:5n3, 22:1n9, 22:2n6, 22:4n6, 22:5n3, 22:6n3, 24:1n9,
24:6n3 and plasmalogen derivatives of 16:0, 18:0, 18:1n9 and 18:1n7. Methods for using
TrueMass® are known to those of skill in the art, and are also described in the following
documents, which are herein incorporated by reference in their entirety: U.S. Patent
Application No. 11/296,829 (filed 12/6/05); Mutch DM, et al. An integrative metabolism
approach identifies stearoyl-CoA desaturase as a target for an arachidonate-enriched diet.
FASEB J. 2005 Apr;19(6):599-601. Epub 2005 Jan 24; Stone SJ, et al. Lipopenia and skin
barrier abnormalities in DGAT2-deficient mice. J Biol Chem. 2004 Mar 19;279(12):11767-
76; Watkins SM, et al. Phosphatidylethanolamine-N-methyltranéferase activity and dietary
choline regulate liver-plasma lipid flux and essential fatty acid metabolism in mice.J Nutr.
2003 Nov;133(11):3386-91; Watkins SM, et al. Lipid metabolome-wide effects of the
PPARgamma agonist rosiglitazone. Lipid Res. 2002 Nov;43(11):1809-17.

[0095] Non-limiting examples of suitable methods, which are herein incorporated by
reference in their entirety, may also be found in: U.S. Pat. Publication No. 2004/0143461 and
PCT Publication No. WO 03/005628, titled “Generating, Viewing, Interpreting, and Utilizing
a Quantitative Database of Metabolites”; Stanton, B. et al. Interaction of estrogen and 2,3,7,8-
tetracholorodibenzo-p-dioxin (TCDD) with hepatic fatty acid synthesis and metabolism of
male chickens (Gallus domesticus). Comp. Biochem. and Physiology Part C 129 (2001) 137-
150; Watkins, S.M. et al. Unique Phospholipid Metabolism in Mouse Heart in Response to
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Phospho- tidyl et hanol am nes PE20:4n6 Chol esterol

Esters CE16: 1n7 CE14:1n5 CE18:1n7 CE18:0 CE18:1n9
WEREDSNMI19LCELS: 2n6 CE20: 1n9 CE18: 3n6 CE20: 2n6 PCERR208TIBL7726

CE20: 3n9 CE22: 6n3 CE20: 4n3

Dietary Docosahexaenoic or a-Linoleic Acids. Lipids, Vol. 36, No. 3 (2001) 247-254; and
Bernhardt, T.G. et al. Purification of fatty acid ethyl esters by solid-phase extraction and
high-performance liquid chromatography. J. of Chromatography B, 675 (1996) 189-1 96.

[0096] As a non-limiting example, the method may include the following steps: extraction,
lipid class separation, preparation of fatty acid methyl esters, and fatty acid and sterol
separation and quantification. A non-limiting exemplary method includes the following steps:
(1) Extractions: The lipids from 200 uL of plasma will be extracted using a modified Folch
extraction in chloroform:methanol (2:1 v/v) ( Folch, J., M. Lees, et al. (1957). "A simple
method for the isolation and purification of total lipides from animal tissues." J Biol Chem
226(1): 497-509). Each extraction is performed in the presence of a panel of quantiiative
authentic internal standards. Extracted lipids are concentrated and prepared for separation by
HPLC. (2) Lipid class separation: Individual lipid classes are separated from the extract by
HPLC using a variety of methods. Each separated lipid class is collected and dried under
nitrogen in preparation for tréns-esteriﬁcation. (3) Preparation of fatty acid methyl esters:
Lipid classes are trans-esterified in 3 N methanolic HCl in a sealed vial under a nitrogen
atmosphere at 100°C for 45 min. The resulting fatty acid methyl esters are extracted from the
mixture with hexane and prepared for automatic injection for gas chromatography by sealing
the hexane extracts under nitrogen. (4) Fatty acid and sterol separation and quantification:
Fatty acid methyl esters are separated and quantified by capillary gas chromatography using a
gas chromatograph (Hewlett-Packard model 6890, Wilmington, DE) equipped with a 30 m
DB-225MS capillary column (J&W Scientific, Folsom, CA) and a flame-ionization detector.

[0097] Surrogate or internal standards may be used in quantifying the lipid metabolites.
Surrogate standards are known in the art. Non-limiting exemplary surrogate standards are
described at, inter alia, pages 16-17 and 25-31 of PCT Publication No. WO 03/005628, titled
“Generating, Viewing, Interpreting, and Utilizing a Quantitative Database of Metabolites”,
and in U.S. Patent Publication No. US 2004/0143461, herein incorporated by reference in
their entirety. Non-limiting exemplary surrogate standards are also provided below in Table
5.

Table 5. Exemplary Authentic Surrogate Standards

Metabolite Abbreviation Surrogate
Triglycerides TGxx TG17:1n7
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CEMUFA CE20:4n6 CEn6 CE22: 0 CEn7 CE22:2n6 CEPUFA
CE24:0 CE14.0 CESFA Total Fatty Acids 14:0 15:0 16:0

wQ@ 008021182 0 22: 0 PCT/US2007/017726
Cholesterol Esters CExx CE19:0
Free Fatty Acids FAxx FA15:1n5
Diglycerides DGxx DG17:0
Free Cholesterol FC d7-Cholesterol
Phosphatidylcholine PCxx PC17:0
Phosphatidylethanolamine PExx PE15:1n5
Lysophosphatidylcholine LYxx LY17:0
Sphingomyelin SMxx SM15:1n5
Prostaglandin E, PGE,; dPGE,
13,14-dihydro-15-keto Prostaglandin A, PGA,;M dPGB,
Prostaglandin B, PGB, dPGB,
Prostéglandin Faa PGF,, dPGF,4
15-keto-Prostaglandin F;, 15-keto-PGF,, dPGF;,
6-keto-Prostaglandin F,, 6-keto-PGF,, dPGF,,
Thromboxane B, TXB,; dTXB,
11-dehydro-Thromboxane B, 11-DTXB; d11-DTXB,
Prostaglandin D, PGD, dPGD,
Prostaglandin J, PG, dPGB,
15-deoxy-A12,14-Prostaglandin J, PGJ,M dPGB;
11B-Prostaglandin Fy, 11B-PGFy, dPGF;,
5(S)-Hydroxyeicosatetraenoic acid S-HETE dS-HETE
5(S)-Hydroxyeicosapentaenoic acid 5-HEPE d15-HETE
Leukotriene B, LTB4 dLTB,
Leukotriene Bs LTBs dLTB,
Leukotriene C, LTC, dLTB,
Leukotriene Dy LTD, | dLTB,
Leukotriene E, LTE, dLTB,
Leukotriene F, LTF, dLTB,
12(S)-Hydroxyeicosatetraenoic acid 12-HETE d12-HETE
12(S)-Hydroxyeicosapentaenoic acid 12-HEPE d15-HETE
15(S)-Hydroxyeicosatetraenoic acid 15-HETE d15-HETE
15(S)-Hydroxyeicosapentaenoic acid 15-HEPE d15-HETE
Lipoxin A, LXA, dLTB,
8(S)-Hydroxyeicosatetraenoic acid 8-HETE d12-HETE
9-Hydroxyeicosatetraenoic acid 9-HETE d12-HETE
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16: | n7 18:2n6 18:1n7 20:2n6 18:1n9 20:3n9 18:3n6

20:4n3 18:4n3 20:4n6 18:4n3 22: 4n6 22:5n6 WD
wQ@8h0a192PCT/ US2007/ 017726 EXAMPLE 4 PCT/US2007/017726

11-Hydroxyeicosatetraenoic acid 11-HETE d15-HETE
8-iso-Prostaglandin F,, 8-is0-PGF,, dPGF,,
9-Hydroxyoctadecadienoic acid 9-HODE d9-HODE
13-Hydroxyoctadecadienoic acid 13-HODE d13-HODE
20(S)-Hydroxyeicosatetraenoic acid 20-HETE d15-HETE
9,10-Epoxyoctadecenoic acid 9,10-EpOME d15-HETE
12,13-Epoxyoctadecenoic acid 12,13-EpOME d15-HETE
12,13-Dihydroxyoctadecenoic acid 12,13-DiHOME d15-HETE
5,6-Epoxyeicosatrienoic acid S,6-EpETrE d15-HETE
11,12-Epoxyeicosatrienoic acid 11,12-EpETrE d1S-HETE
14,15-Epoxyeicosatrienoic acid 14,15-EpETrE d15-HETE
5,6-Dihydroxyeicosatrienoic acid 5,6-DIHETrE d15-HETE
8,9-Dihydroxyeicosatrienoic acid 8,9-DiHETTE di5-HETE
11,12-Dihydroxyeicosatrienoic acid 11,12-DiHETErE | d5-HETE
14,15-Dihydroxyeicosatrienoic acid 14,15-DiHETTE di15-HETE
14,15-Epoxyeicosatetraenoic acid 14,15-EpETE d15-HETE
17,18-Epoxyeicosatetraenoic acid 17,18-EpETE d1SHT
14,15-Dihydroxyeicosatetraenoic acid 14,15-DiHETE d15SHT
17,18-Dihydroxyeicosatetraenoic acid 17,18-DIHETE d1SHT
l9,20-‘Dihydroxydocosapentaenoic acid 19,20-DiHDPA dISHT

Kits

T0098] Kits for pfacticing the methods of the invention are provided. The kits include (a)
one or more reagents for measuring the amount of one or more lipid metabolites; and (b)
instructions for use. A kit may provide 1, 2, 3, 4, 5, 10, 15, 20, or more reagents for
measuring the amount of 1, 2, 3, 4, 5, 10, 15, 20, or more lipid metabolites. The kit may
further provide one or more reagents for measuring one or more additional biomarkers, such
as those disclosed above, and in Tables 2-4. In some embodiments, the kit includes one or
more reagents for use in an immunoassay. In some embodiments, the kit includes one or
more reagents for use in an MS assay. In some embodiments, the reagent is an antibody.

Methods of making antibodies are known to those of ordinary skill in the art.
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FATTY ACI D MARKERS OF NAFLD AND NASH I N PLASMA St udy
Popul ation [01141 A set of NASH, NAFLD, and nor nal
w@osoi19pl asma sanpl es were coll ected to exanmP@EUS1967/017726

differences in the lipid conposition in plasma. There

were 30 NASH patients, 7 NAFLD patients, and 12 nor nal

controls. Analytical Methods [01151 Lipid netabolites

were quantified fromfasted plasma, serumand |iver

sanpl es. Lipids nmeasured included chol esterol,

chol esterol esters (CE), diglycerides (DG, free

chol esterol (FS), free fatty acids (FA),

| ysophosphati dyl chol ine (LY), phosphatidylcholine

(PO, phosphatidyl ethanol am ne (PE) and triglycerides
[0099]T Gn. soFerasi@Ets, BE,inveAtion provifes, a Inkfos pee MEach ¢f the mrthedes

deschitkd he%lnl Qe FSh @“ﬂéof\ﬁh&s GAJTRR Qﬁmoﬁy &4 ﬁpﬂ%ﬁoideegnda(%)

a proportion of total fatty acids within the |ipid
instrygtignsfor asp: (n sarge gmbadiments, Iéﬂ gt fupthercomppises: (oka i?co"d antibody

©toa s%éon]drlgﬂd thEiabBite. KSoM? embb8imen; thé RitkhPher 29m§1n&s (d) a third
24:1n9, 18:2n6, 18:3n6, 20: 2n6 20: 3n

antibogdy torpe! II'Q Qplziﬁgetatgyéltez{ r{Bs oy elgh%:hmilgts 3h% irsg, ge%’ﬁg and/or third
lipid 2tabofite 120 EAR3cid20: Sn3,

[0100] The invention is further illustrated by the following non-limiting examples:
EXAMPLES
MATERIALS AND METHODS FOR EXAMPLES 1-3
Study Populations

[0101] The first data set comprised forty-nine (49) liver biopsy samples, which were
profiled to determine hepatic triglyceride composition and correlation with hepatic
triglyceride concentrations. Among these samples were eight (8) subjects graded as NASH,
six (6) subjects graded as NAFLD, and thirty-five (35) normal samples as assessed by a
pathological examination of the tissue. These 49 liver samples were collected from males
and females of diverse races (white, black, and undefined). Nine of the subjects with normal
liver provided matching plasma samples. These samples were used to provide a correlation

between liver triglyceride content and plasma lipid metabolites.

[0102] A second data set included serum samples from éight subjects with hepatic
impairment and eight normal (by liver biopsy) individuals. This data set was used to confirm

the findings from the liver biopsy analysis.
Analytical Methods

[0103] The lipids from plasma and tissues were extracted in the presence of authentic
internal standards by the method of Folch et al. (Folch, J., et al. 1957. A simple method for
the isolation and purification of total lipids from animal tissues. J. Biol. Chem. 226: 497-509)
using chloroform-methanol (2:1, v/v). Plasma 200 ul was used for each analysis. Individual
lipid classes within each extract were separated by preparative thin-layer chromatography as
described in Watkins, S. M., et al. 2001. Unique phospholipid metabolism in mouse heart in
response to dietary docosahexaenoic or {alpha}-linolenic acids. Lipids. 36: 247-254.
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22:5n3, 22:6n3, 24:6n3, plasnmal ogen derivatives of
16: 0, 18:0, 18:1n7 and 18:1n9, tl 6:1n7 t18: 1n9
W 1®382892 I n this exanple, the term"LC' indi ce€BEESI00E017726

val ue shown is the total concentration of the lipid
cl ass expressed as nMol es per gram of serum or plasna.
Thus, in this exanple, the abbreviation PC18:2n6
i ndi cates the percentage of plasma or serum
phosphati dyl chol i ne conprised of linoleic acid
(18:2n6), the term TGLC i ndi cates the absol ute anmount
(in nMoles per granm) of triglyceride present in plasm
or serum [01161 The lipids fromthe sanple were
extracted in the presence of authentic surrogate
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D&20: 3n6 (0.0868) DG22:5n6 (0.0418) Triacylglycero

TGL8: 1n7 (0.0709) T&20:3n6 (0.0025) TGL8: 3n3 (0.0934)
waemen3n® (0. 0999) T022: 6n3 (0. 0364) TQ24: 0 2O1/0808)/017726

Free fatty acid FA18: 1n7 (0.0015) FA. 16:0 (0.0448)

FA18: 1n9 (0.0018) FA18:3n3 (0.0051) FA20:3n6 (0.0123)

FA22:6n3 (0.0018) Phospholipids PC18:0 (0.004) PCLC

0. 001)

[0108] Correlations. Pearson’s correlation coefficient was used to evaluate the relationship
of each metabolite with total hepatic triglycerides. The metabolites in Table 6 were correlated
with total hepatic triglycerides (o < 0.2) and were compared with differences observed in
serum between hepatic impaired and normal individuals. Those metabolites that had an
opposite effect in hepatic impaired individuals (by an unpaired Student’s t-Test on two

groups: normal and hepatic impaired) were not included in Table 6.
EXAMPLE 1
CORRELATION OF PLASMA AND LIVER FATTY ACID COMPOSITIONS

[0109] Lipid metabolites expressed as a percentage composition of lipid classes, which
correlate to hepatic triglyceride content, were found to be assayable from blood. To
determine the potential for blood based measurements to accurately reflect hepatic lipid class
fatty acid compositions, we correlated the fatty acid compositions of individual lipid classes
from matched plasma-liver samples from the normal humans (from the first set of subjects).
The correlation between the composition of blood plasma and liver was excellent for the
triglyceride and phosphatidylcholine classes, and in part good for the cholesterol ester class
(Fig. 2). This indicated that the blood plasma fatty acid composition of triglyceride and
phosphatidylcholine were an accurate indicator of the liver fatty acid composition of
triglycerides and phosphatidylcholine, respectively. Thus, blood plasma based measurements
of fatty acids may indicate the quantitative amount of triglyceride in the liver (steatosis),

provided the compositional data in liver is well-correlated with steatosis.

[0110] 15-20 proportional markers of steatosis were identified in human liver biopsies that
provided excellent classification and that were consistent with a single lipid biosynthesis
pathway, and predictive of liver triglyceride content. The Receiver Operating Characteristic '
(ROC) curve for Liver TG20:4n6 is shown in Figure 4.

EXAMPLE 2

CORRELATION BETWEEN HEPATIC STEATOSIS AND HEPATIC FATTY ACID
COMPOSITIONS '

[0111] The first data set was used in this experiment. The liver samples of 49 subjects were

graded for degree of hepatic steatosis and inflammation. Six subjects were graded as NAFLD
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PC18: 3n6 (0.0181) PC18:3n3 (0.0378) PC20:3n6 (0.0001)
PC22: 6n3 (0. 0405) PC20:4n3 (0.0219) PELC (0.0211)
weapgning: (0. 0503) PE14: 0 (0.0674) PC22:4n6 (BCDOSDY7/017726
PE22: 6n3 (0.0025) PC22:5n3 (0.016)  PC22:5n6
(0.0147)  PCdmi8: 1n7 (0. 0805)

and eight subjects were graded as NASH. All other samples were presumed normal. The
samples were profiled using TrueMass® technology; many metabolites were found to
correlate either positively or negatively with total hepatic triglyceride concentrations. In
particular, monounsaturated fatty acids were generally positively correlated with steatosis and
essential fatty acids were generally negatively correlated with steatosis. One example of a
metabolite that was well-correlated with total hepatic triglycerides was the fatty acid 20:4n6,

expressed as a percentage of all fatty acids present in triglycerides (Fig. 3).

[0112] Figure 3 shows the relationship between hepatic triglyceride concentrations
(nmoles/g) and the relative proportion of 20:4n6 in hepatic triglycerides (expressed as a mole
percentage of total triglyceride fatty acids). The relative proportion of TG20:4n6 was an
excellent predictor of the total concentration of triglycerides in liver. Despite being graded
normal, several normal samples exhibited NAFLD-levels of triglycerides, and the relative

proportion of 20:4n6 remained an excellent predictor of total triglyceride concentrations.
EXAMPLE 3
MARKERS OF NAFLD AND NASH

[0113] The metabolite markers of NAFLD and NASH in Table 6 were selected based on
their observed and/or predicted correlation with the total triglyceride content of liver.
Additionally, these markers shown some correlation useful in classifying all 16 subjects

tested with normal liver function or hepatic impairment.

Table 6. Blood-based Lipid Metabolite Markers of Hepatic Steatosis (Based on Mole
Percentage)

Lipid Class Positive Correlates Negative Correlates

Triglycerides TG14:0 TG15:0
TGl14:1n5 TG18:2n6
TG16:0 TG18:3n3
TG18:1n7 TG20:0
TGMUFA TG20:2n6
TGn7 TG20:3n6
TGSFA TG20:3n9
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PE18: 3n6 (0.0409) PE20: 1n9 (0. 0432) PE20: 3n6

(0.0044) PE22: 4n6 (0. 0016) PE22: 5n3 (0. 0694)
w@hoBestier ol Esters CE18:0 (0.0266) CE22: 6n3 (BCDB&H®)P7/017726

CE18: 1n7 (0. 0986) CE18: 3n6 (0.0752)

TG16:1n7 | . | TG20:4n6
TG20:5n3
TG22:0
TG22:1n9
TG22:2n6
TG22:4n6
TG22:5n3
TG22:5n6
TG22:6n3
TG24:0
TG24:1n9
TGn3
TGn6
TGPUFA
Free Fatty Acids c FA16:1n7
Phospho- PC14:0 PC18:1n7
tidylcholines _
PC16:1n7 PC20:4n6
PC18:1n7 PC22:5n6
PC18:1n9 PCn6
PC18:3n3 PCPUFA
PC18:3n6 PC22:5n3
PC18:4n3
PC20:0
PC20:1n9
PC20:2n6
PC20:3n6
PC20:4n3
PC20:5n3
PC22:0
PC22:1n9
PC24:0
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CE20: 3n6 (0.0001)
SP16: 1n7 (0.0695) SP22:6n3 (0.0651)
WEBRDSN3NS2 (0. 0112)

CE24: 0 (0. 0855)

SP22:1n9 (0. 0038)
Lysophosphati dyl choline LY16:0 (0.0557) LY18:1n7

Sphi ngonyel i n
SP18: 0 (0.0994)

PCT/US2007/017726

(0. 086)
PC24:1n9
PCdm
PCdm18:0
PCdm18:1n7
PCSFA
Phospho- PE20:4n6
tidylethanol-
amines
Cholesterol Esters | CE16:1n7 CEl4:1n5
CE18:1n7 CE18:0
CE18:1n9 CE20:0
CE18:2n6 CE20:1n9
CE18:3n6 CE20:2n6
CE22:5n3 CE20:3n9
CE22:6n3 CE20:4n3
CEMUFA CE20:4n6
CEn6 CE22:0
| CEn7 CE22:2n6
CEPUFA CE24:0
_ CE14:0 CESFA
Total Fatty Acids | 14:0 15:0
16:0 20:0
18:0 22:0
16:1n7 18:2n6
18:1n7 20:2n6
18:1n9 20:3n9
18:3n6 20:4n3
18:4n3 20:4n6
18:4n3 22:4n6
22:5n6
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LY18: 0 (0.0031) LY18:1n9 (0.036) LY20:3n6 (0.0076)

LY18:2n6 (0.0004) LY20:3n9 (0.0737) LY18:3n3 (0.0703)
woYD8/0Zn% (0. 0441) LY22:6n3 (0.0323) Tabl e 8.pr¢®mBERD07/017726

markers (significant int test at .1. p value is shown

i n parentheses) Lipid Oass Increased from Nor nal

Decreased from Normal Diacyl gl ycerol D&0: 3n6 (0.0516)

D&2:1n9 (0.0304) Triacylglycerol TG&0:3n6 (0.0226)
TQ&2:2n6 (0.0702)

EXAMPLE 4
FATTY ACID MARKERS OF NAFLD AND NASH IN PLASMA

Study Population

[0114] A set of NASH, NAFLD, and normal control plasma samples were collected to
examine the differences in the lipid composition in plasma. There were 30 NASH patients, 7

NAFLD patients, and 12 normal controls.
Analytical Methods

[0115] Lipid metabolites were quantified from fasted plasma, serum and liver samples.
Lipids measured included cholesterol, cholesterol esters (CE), diglycerides (DG), free
cholesterol (FS), free fatty acids (FA), lysophosphatidylcholine (LY), phosphatidylcholine
(PC), phosphatidylethanolamine (PE) and triglycerides (TG). For CE, DG, FA, LY, PC, PE
and TG lipid classes the following fatty acid components were quantified as a proportion of
total fatty acids within the lipid class: 14:0, 15:0, 16:0, 18:0, 20:0, 22:0, 24:0, 14:1n5, 16:1n7,
18:1n7, 18:1n9, 20:1n9, 20:3n9, 22:1n9, 24:1n9, 18:2n6, 18:3n6, 20:2n6, 20:3n6, 20:4n6,
22:2n6, 22:4n6, 22:5n6, 18:3n3, 18:4n3, 20:3n3, 20:4n3, 20:5n3, 22:5n3, 22:6n3, 24:6n3,
plasmalogen derivatives of 16:0, 18:0, 18:1n7 and 18:1n9, t16:1n7 t18:1n9 tl 8:2né6. In this
example, the term “LC” indicates the value shown is the total concentration of the lipid class
expressed as nMoles per gram of serum or plasma. Thus, in this example, .the abbreviation
PC18:2n6 indicates the percentage of plasma or serum phosphatidylcholine comprised of
linoleic acid (18:2n6), the term TGLC indicates the absolute amount (in nMoles per gram) of

triglyceride present in plasma or serum.

[0116] The lipids from the sample were extracted in the presence of authentic surrogate
standards for each lipid class by a liquid:liquid extraction, creating a lipid extract. The mass
of the sample and surrogate were recorded at this step in order to accurately determine the
amount of material being analyzed. The mass of the sample and the surrogate standards were

used to calculate the quantitative amount of each fatty acid in each lipid class.

[0117] The neutral and phospholipid classes were separated from one another via a solid
phase extraction with a Varian Vac Elut 20 vacuum manifold and Supelco LC-Sl silica

packed SPE cartridges. Once these extracts were prepared, the neutral lipid classes were
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T&22:5n3 (0.0814) Free fatty acid FA18:1n9 (0.0192)

FA20: 3n6 (0. 0244) FA22:5n3 (0.0166) Phospholi pi ds
weabsngiign. 006) PCLC (0.0315) PC18:3n6 (0. 01580T/US2007/017726

PC18: 1n7 (0.0058) PC20:3n6 (0.0003) PC18:2n6 (0.0714)

PC20: 4n3 (0.0214) PC20:2n6 (0.0035)

separated by preparative thin layer chromatography on silica gel G-60 TLC plates. The
phospholipid classes were separated via high performance liquid chromatography on an
Agilent 1100 Series HPLC, with a Phenomenex Sperex 5u OH Diol column (250 x 4.6mm, 5
micron) and a SEDEX 75 evaporative light scattering detector. Once each class was isolated,
the lipid class was trans-esterified with 1% sulfuric acid in methanol, resulting in the
formation of fatty acid methy! esters (FAMEs). The FAME mixture for each class was
separated and quantified by capillary gas chromatography (GC) on an Agilent GC6890, with
a J&W Scientific HP-88 fused silica capillary column (30m x 25um, 0.2 um film) and a

flame-ionization detector.
Statistical Methods

[0118] Mole percentage data and lipid class concentrations were evaluated for markers of
NAFLD and NASH. Data were not transformed for the analysis. Metabolites not detected in
more than 30% of subjects were not included in the statistical analysis. Two-tailed t-tests

were used to compare the groups (NASH vs. Normals, and NAFLD vs. Normals).
Results

[0119] Tables 7 and 8 show markers significantly associated with NASH and NAFLD,
respectively. Most lipid classes in NASH and NAFLD subjects did not differ significantly
from normal. Phosphatidylethanolamine and phosphatidylcholine were significantly
decreased in NASH relative to normal (p-values from t-test: 0.001, 0.021).
Phosphatidylcholine and lysophosphatidylcholine were significantly decreased in NAFLD
relative to normal (p-values from t-test: 0.05, 0.042). Very similar results were obtained from

the non-parametric Wilcoxon test.

' [0120] Omega 3 fatty acids were decreased, particularly DHA, in NASH subjects relative
normal controls. Decreases in DHA were seen in NASH relative to normal controls both
quantitatively and compositionally in CE, PC and PE. DHA was significantly decreased in
NASH in FA, LY, and TG only compositionally. 18:3n3 was significantly decreased in PC
both quantitatively and compositionally, while it was only significantly reduced
compositionally in free fatty acids. 22:5n3 was significantly increased compositionally in PC

in NASH and NAFLD relative to normal subjects.
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PC22: 5n3 (0.0037) Chol esterol Esters CE18:3n6
(0.0139) CE20: 3n6 (0.0018) Sphi ngonyelin SP20: 3n6

wd 088868492 SP16: 0 (0. 037) Lysophosphati dyl chol i mer/t5bsi/87726
(0.0659) LYLC (0.0419) LY18:0 (0.0959) LY18: 1n7

(0.0017) LY20:3n6 (0.0004) LY18:2n6 (0.0025) [0123]
Contrary to what was identified in Exanple 3, in this
particul ar study, the follow ng nmetabolites were not
found to be positively associated with steatosis: PC

20: 2n6; PC18: 1n7; and CE22:6n3. Furthernore, in this
study, contrary to what was identified in Exanple 3,

the followi ng netabolites were not found to be
negatively associated wth steatosis: TGQ0: 3n6;

[0121] GAhiken3:2n8rehskGamtitan@ly significantly decreased in phospholipids in NASH

and NAFLD relative to normal subjects, 20:3n6 was significantly increased in CE, FA, and
TG. Compositionally, 18:2n6 was significantly decreased only in LY, while 20:3n6 was
increased in every lipid class except DG in NASH and NAFLD relative normal subjects.

[0122] Saturated fatty acids were significantly increased in NASH relative to normal
controls in PE, PC and DG. NAFLD subjects also tended to have higher saturated fatty acids
than normal controls. Compositionally, only 18:0 was increased in NASH and NAFLD in
CE, LY, and PC.

Table 7. NASH markers (significant in t test at .1, p value is shown in parentheses)

Lipid Class

Increased from
Normal

Decreased from
Normal

Diacylglycerol

DG20:3n6 (0.0868)
DG22:5n6 (0.0418)

Triacylglycerol

TG18:1n7 (0.0709)
TG20:3n6 (0.0025)

TG18:3n3 (0.0934)

TG20:3n9 (0.0999)

TG22:6n3 (0.0364)
TG24:0 (0.0602)

Free fatty acid

FA18:1n7 (0.0015)
FA18:1n9 (0.0018)
FA20:3n6 (0.0123)

FA16:0 (0.0448)
FA18:3n3 (0.0051)
FA22:6n3 (0.0018)

Phospholipids

PC18:0 (0.004)
PC18:3n6 (0.0181)
PC20:3n6 (0.0001)
PC20:4n3 (0.0219)
PC22:1n9 (0.0503)
PC22:4n6 (0.0002)
PC22:5n3 (0.016)
PC22:5n6 (0.0147)

PCdm18:1n7 (0.0805)

PE18:3n6 (0.0409)
PE20:1n9 (0.0432)
PE20:3n6 (0.0044)
PE22:4n6 (0.0016)
PE22:5n3 (0.0694)

PCLC (0.001)
PC18:3n3 (0.0378)
PC22:6n3 (0.0405)

PELC (0.0211)

PE14:0 (0.0674)
PE22:6n3 (0.0025)

Cholesterol Esters

CE18:0 (0.0266)
CE18:1n7 (0.0986)
CE18:3n6 (0.0752)
CE20:3n6 (0.0001)

CE24:0 (0.0855)

CE22:6n3 (0.0345)

Sphingomyelin

SP16:1n7 (0.0695)
SP18:0 (0.0994)
SP20:3n6 (0.0112)
SP22:1n9 (0.0038)

SP22:6n3 (0.0651)
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EXAVPLE 5 EI COSANO D MARKERS OF NAFLD AND NASH I N

PLASMA St udy Popul ation [0124] A subset of the study
w@opalhzatiyon used in Study Three was used to dePE&r/DE2007/017726

differences in the lipid conposition of Eicosanoids

bet ween NASH, NAFLD and nornmal subjects. There were 26

NASH patients, 5 NAFLD patients, and 12 nor nal

controls. Analytical Methods [0125] The ei cosanoi ds

from250 piL of plasma or serum were extracted using

protein precipitation and filtering prior to | oading
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gel owFreeffty “§'d Ei cdsaitoinNBOAES i ke Abbrevi ation
1
1
0

rostagl andin E2 PCGH2 ©A2038600344)4- di hydr o- 15- ket o

rost agl andin A2 PGQI\{L&Z,%MI& ost agl andi n B2 PGB2
[ a’ C, c}r

r PAB2 Prostagl andi|n PG-2a
5- ketRhoSplagipidsl andiin FRC186(ked6- PG-2u RGLC (0.0315)
r5' E?Lgfg;(z;la 6- ket)o-F 31,39 F $ci18:1K9(Rob3ey @
PC20:3n6 (0.0003) PC18:2n6 (0.0714)
" PC20:4n3 (0.0214) PC20:2n6 (0.0035)
PC22:5n3 (0.0037) ‘
Cholesterol Esters CE18:3n6 (0.0139)
CE20:3n6 (0.0018)
Sphingomyelin SP20:3n6 (0.0164) SP16:0 (0.037)
Lysophosphatidylcholine LY 15:0 (0.0659) LYLC (0.0419)
LY 18:0 (0.0959) LY1v8: in7 (0.0017)
LY20:3n6 (0.0004) LY18:2n6 (0.0025)

[0123] Contrary to what was identified in Example 3, in this particular study, the following
metabolites were not found to be positively associated with steatosis: PC 20:2n6; PC18:1n7;
and CE22:6n3. Furthermore, in this study, contrary to what was identified in Example 3, the
following metabolites were not found to be negatively associated with steatosis: TG20:3n6;

TG22:5n3; and PC22:5n3.
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Thr onboxane B2 TXB2 or TXB2 11-dehydro- Thronboxarte B2

11-DTXB2 or 11-DTXB2 Prostaglandin D2 PG)2 or PGD2
woe@svaghandi n 12 PA2 or PGI2 PCT/US2007/017726

15- deoxy- M2, 14- Prost agl andin 12 PGI2M or PGI2M

113- Prost agl andi n F2c, 11B-PGF2c, or 110- PGF2a

5(S) - Hydr oxyei cosat etraenoi ¢ acid 5- HETE

5(5) - Hydr oxyei cosapent aenoi ¢ aci d 5- HEPE Leukotri ene

B4 LTB4 or LTB4 Leukotriene B5 LTB5 or LTB5

Leukotriene C4 LTC4 or LTCA Leukotriene D4 LTD4 or

LTD4

EXAMPLE 5
EICOSANOID MARKERS OF NAFLD AND NASH IN PLASMA
Study Population

[0124] A subset of the study population used in Study Three was used to determine
differences in the lipid composition of Eicosanoids between NASH, NAFLD and normal
subjects. There were 26 NASH patients, 5 NAFLD patients, and 12 normal controls.

Analytical Methods

[0125] The eicosanoids from 250 uL of plasma or serum were extracted using protein
precipitation and filtering prior to loading on an LC/MS. Twenty microliters of a mixture of
deuterated surrogates for quantitation was added to each sample and thoroughly mixed. To
each plasma/serum sample 10 pL antioxidant solution (0.2mg/mL BHT.EDTA in 50:50
MeOH:H20) was added and thoroughly mixed. Protein precipitation was carried out by
adding 1 mL methanol to each sample followed by mixing. The samples were centrifuged at -
4°C and 17000g for 10 minutes. The supernatants were dried under nitrogen for 2 hours at
10psi. Dried samples were reconstituted with 60ul methanol:deionized water (50:50). After
mixing, samples were transferred to silanized autosampler inserts for LC/MSMS analysis.
The samples were injected onto an Agilent Stable Bond C18 column (150x2.1mm, 1.8
micron) connected to an Applied Biosystems 4000 QTRAP. The analytes were ionized via

negative electrospray and the mass spectrometer was operated in the tandem MS mode.
[0126] Abbreviations for a number of eicosanoids are provided in Table 9 below.

Table 9. Eicosanoids

Metabolite Abbreviation

Prostaglandin E; PGE: or PGE2

13,14-dihydro-15-keto Prostaglandin PGA2M or PGA2M

Az

Prostaglandin B; PGBz or PGB2

Prostaglandin F, PGF2, or PGF2a

15-keto-Prostaglandin Fa, 15-keto-PGFz, or 15-keto-
PGF2a
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Leukotriene E4 LTE4 or LTE4 Leukotriene F4 LTF4 or

LTF4 12(S)-Hydroxyei cosatetraenoic acid 12- HETE
wa2(sp2Hydr oxyei cosapent aenoi ¢ acid 12- HEPE  PCT/US2007/017726

15(S) - Hydr oxyei cosat etraenoi ¢ acid 15- HETE

15(S) - Hydr oxyei cosapent aenoi ¢ aci d 15- HEPE Li poxin As

LXA4 or LXA4 8(S)-Hydroxyei cosatetraenoic acid 8- HETE

9- Hydr oxyei cosat etraenoi c acid 9- HETE

11- Hydr oxyei cosat et raenoi ¢ acid 11- HETE

8-iso-Prostagl andin F2. 8-iso-PG-2. or

9- Hydr oxyoct adecadi enoi ¢ aci d 9- HODE

8-i soPGF2a

6-keto-Prostaglandin Fi,

6-keto-PGF;, or 6-keto-

PGFla

Thromboxane B;

TXBz or TXB2

11-dehydro-Thromboxane B

11-DTXB; or 11-DTXB2

Prostaglandin D,

PGD: or PGD2

Prostaglandin ]2

PG]J: or PGJ2

15-deoxy-A12,14-Prostaglandin ]2

PGJ2M or PG]2M

11B-Prostaglandin Fa,

11p-PGF;, or 118-PGF2a

5(S)-Hydroxyeicosatetraenoic acid

5-HETE

5(S)-Hydroxyeicosapentaenoic acid

5-HEPE

Leukotriene By

LTBs or LTB4

Leukotriene Bs

LTBs or LTB5

Leukotriene C4 LTCs or LTC4
Leukotriene Ds LTD4 or LTD4
Leukotriene E4 LTE; or LTE4
Leukotriene F4 LTF, or LTF4
12(S)-Hydroxyeicosatetraenoic acid 12-HETE
12(S)-Hydroxyeicosapentaenoic acid 12-HEPE
15(S)-Hydroxyeicosatetraenoic acid 15-HETE
15(S)-Hydroxyeicosapentaenoic acid 15-HEPE
Lipoxin A4 LXA; or LXA4
8(S)-Hydroxyeicosatetraenoic acid 8-HETE
9-Hydroxyeicosatetraenoic acid 9-HETE
11-Hydroxyeicosatetraenoic acid 11-HETE

8-iso-Prostaglandin Fz,

8-iso-PGFz, or 8-iso-
PGF2a

9-Hydroxyoctadecadienoic acid 9-HODE
13-Hydroxyoctadecadienoic acid 13-HODE
20(S)-Hydroxyeicosatetraenoic acid 20-HETE
9,10-Epoxyoctadecenoic acid 9,10-EpOME
12,13-Epoxyoctadecenoic acid 12,13-EpOME
12,1&Dihydroxyoctédecen_oic acid 12,13-DiHOME
5,6-Epoxyeicosatrienoic acid 5,6-EpETrE

11,12-Epoxyeicosatrienoic acid

11,12-EpETrE

14,15-Epoxyeicosatrienoic acid

14,15-EpETrE

5,6-Dihydroxyeicosatrienoic acid

5,6-DiHETTE
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13- Hydr oxyoct adecadi enoi ¢ aci d 13- HODE
20( S) - Hydr oxyei cosat etraenoi ¢ aci d 20- HETE
W@ 208/0H10Xxyoct adecenoi ¢ acid 9, 10- EpOVE PCT/US2007/017726
12, 13- Epoxyoct adecenoi ¢ acid 12, 13- EpOVE
12, 13- Di hydr oxyoct adecenoi ¢ acid 12, 13- Di HOVE
5, 6- Epoxyei cosatrienoic acid 5, 6- EpETrE
11, 12- Epoxyei cosatrienoic acid 11, 12- EpETrE
14, 15- Epoxyei cosatrienoi ¢ acid 14, 15- EpETTE
5, 6- Di hydr oxyei cosatrienoic acid 5,6-D HETrE WO
2008/ 021192PCT/ US2007/ 017726
8, 9- Di hydr oxyei cosatrienoic acid 8,9-D HETrE
11, 12- Di hydr oxyei cosatrienoic acid 11, 12-D HETErE

8,9-Dihydroxyeicosatrienoic acid 8,9-DiHET:E
11,12-Dihydroxyeicosatrienoic acid 11,12-DiHETErE
14,15-Dihydroxyeicosatrienoic acid 14,15-DiHETrE
14,15-Epoxyeicosatetraenoic acid 14,15-EpETE
17,18-Epoxyeicosatetraenoic acid 17,18-EpETE

14,15-Dihydroxyeicosatetraenoic acid 14,15-DiHETE
17,18-Dihydroxyeicosatetraenoic acid 17,18-DiHETE
19,20-Dihydroxydocosapentaenoic 19,20-DiHDPA

acid

Statistical Methods

[0127] Quantitative data (pMoles per gram of plasma) were evaluated for markers of
NAFLD and NASH. Quantitative data were not transformed for the analysis. Metabolites not
detected in more than 30% of subjects were not included in the statistical analysis. Two-tailed

t-tests were used to compare the groups (NASH vs. Normals, and NAFLD vs. Normals).

Results

[0128] Table 10 shows the eicosanoid metabolites that were significantly associated with
NASH and NAFLD. The NAFLD group have significantly higher 13,14-dihydro-15-keto
Prostaglandin A, 11-dehydro-Thromboxane B, and 12,13-Dihydroxyoctadecenoic acid.
19,20-Dihydoxydocosapentaenoic acid was significantly decreased according to the t-test but

did not reach significance by the Wilcoxon test.

[0129] The NASH group had significantly higher Prostaglandin E;, 15-keto-Prostaglandin
F,0, and Leukotriene D4 as assessed by the Wilcoxon test, but did not reach significance by t-
test. HETE’s, including 5-HETE, 8-HETE, 9-HETE, 11-HETE, 12-HETE, and 15-HETE,
were significantly increased in NASH over normal in both tests. 11-HETE and 15-HETE
were linearly anti-correlated, but more strongly anti-correlated on a log scale, with DHA in a

few lipid classes.
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14, 15- D hydr oxyei cosatrienoic acid 14, 15-D HETrE

14, 15- Epoxyei cosat etraenoi ¢ acid 14, 15- EpETE
w(a790882HpOXyei cosat etraenoi c acid 17, 18- EpETE PCT/US2007/017726

14, 15- Di hydr oxyei cosatetraenoi ¢ acid 14, 15- D HETE

17, 18- Di hydr oxyei cosatetraenoic acid 17, 18- D HETE

19, 20- D hydr oxydocosapent aenoi ¢ acid 19, 20- Di HDPA

Statistical

Met hods [0127] Quantitative data (pMles

per gram of plasm) were evaluated for markers of
NAFLD and NASH. Quantitative data were not transforned

for the anal ysis.
t han 30% of subjects were not
analysls

statlstlcal

i ncluded in

Met abolites not detected in nore

t he

Tvvo talled t- tests wer e used to

Nor rral's)

met abolites that were
NASH and NAEFLD.  The NAELD

S

ntly associ
Loup have sj nm
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ficantly

hi gN&H 13, 14- di hydr o- 15- keflo Pr OB} andi n A2,
111-nGﬁ,B§édrO Thr ompexessed B2, [and Increased Decreased
12 12 Dy hyvyd Fayar-aet-aaeeernod acid
"/ PO ASIHETE (0.0937) | PGA,M (0,0296
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vARL LI \/ufll. 1 y LILILJ &IICI T USU GUI aII\JI -b.anB 00027
Tg‘fer?%“E} stagl andin F20. land Leukotriene 2 )
aAsdeREF by [he WIcoxon tgst, but did nof ré%tb%D'HOME
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EXAMPLE 6

CLASSIFICATIONS BASED ON MARKER COMBINATIONS

[0130]

Diagnostics for NASH can be built either from the described marker metabolites

directly or from simple combinations of these markers. As each diagnostic application

requires unique performance characteristics, metabolite concentrations can be combined into

simple algorithms to provide the sensitivity and specificity required for a particular desired

test.

[0131]

Results from Example 4 and Example 5 were used to develop classifiers for

distinguishing NASH from NAFLD and Normal subjects. Linear combinations of metabolite
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Decreased | ncreased Decreased PGB2 (0.0815)

19, 20- Di HDPA (0. 063) 15-HETE (0.0937) PGA2M (0. 0296)
WOPMORA21102 0627) 6- keto-PGF | a (0.0896) PGF2.PCODUSHAR)17726

11- DTXB2 (0.0027) 15-keto-PGF2. (0.0603)

12, 13-Di HOVE (0. 009) 5-HETE (0.019)

pairs were evaluated for their ability to classify NASH versus NAFLD using a receiver
operator curve (ROC). Performance characteristics evaluated in this experiment included the
area under the ROC curve (ROC AUC), the sensitivity and the specificity of the test.
Examples of combinations that provided overall sensitivity and specificity (Combination 1),
high sensitivity with less specificity (Combinations 2 and 3), and high specificity with less

sensitivity (Combinations 4 and 5) are shown in Table 11 below.

[0132] Although a linear combination of metabolites was chosen as the algorithmic method
for this example, any algorithm (including ratios, etc.) can be used to generate a test variable

from the claimed metabolites.

Table 11. Performance of linear combinations of metabolites in classifying NASH from

NAFLD and Normal subjects

Metabolite Pair ROC AUC Sensitivity Specificity Threshold
1. 15-HETE | 15-keto-PGF, 0.90 _ 0.88 0.94 0.58
2. TG18:1n7 | PC20:3n6 0.81 0.97 0.58 0.34
3. 11-HETE | CE22.6n3 0.82 1.00 0.56 0.34
4. 11-HETE | PCTL 0.87 0.60 1.00 0.81
5. PC22:6n3 | PC18:3n3. 0.83 0.60 1.00 0.74

[0133] The desired test performance will depend on the application (for instance if a
subject is to undergo an invasive procedure on the basis of the test, it may be most useful to
ensure a high-degree of specificity). The performance of the test can be modulated by
choosing the individual metabolites components of the algorithm and the threshold (critical
value) for classification. The metabolites chosen for inclusion in the algorithm may be any of
the eicosanoids or fatty acid markers described herein or any of the following acylcarnitines,
sterols, bile acids or oxysterols: Carnitine Metabolites and Acylcarnitines: L-Carnitine, g-
Butyrobetaine; Trimethyllysine; Acetylcarnitine; Propionylcamnitine; Butyrylcarnitine;
Valerylcarnitine; Hexanoylcarnitine; Octanoylcarnitine; Decanoylcarnitine;
Dodecanoylcarnitine; Myristoylcarnitine; Palmitoylcarnitine; Stearoylcarnitine;
Oleoylcarnitine; Linoleoylcarnitine. Sterols, Bile Acids and Oxysterols: Cholesterol; 7-
Dehydrocholesterol; Desmosterol; Lanosterol; Lathasterol; Cholestanol; Coprostanol; b-
Sitosterol; Campesterol; Stigmasterol; 4-Cholesten-7a-ol-3-one; 7a-Hydroxycholesterol; 27-
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9, 10- EpOVE (0. 0785) 8-HETE (0.0012) 12, 13- EpOVE
(0.0977) 9-HETE (0.0031) 19, 20- DIHDPA (0. 0297)

Wwd 160BIETEZ 0. 0001)  8-i s0- PGF2. (0.0976) 12- HEREI/US2007/017726
(0. 0206) 15- HETE (0. 0001)

. Hydroxycholesterol; 25-Hydroxycholesterol; 24S-Hydroxycholesterol; 4b-
hydroxycholesterol; Cholic acid; Chenodeoxycholic acid; Deoxycholic acid; Lithocholic
acid; Glycocholic acid; Glycochenodeoxycholic acid; Glycodeoxycholic acid;
Glycolithocholic acid; Taurocholic acid; Taurochenodeoxycholic acid; Taurodeoxycholic

acid; Taurolithocholic acid; Ursodeoxycholic acid; Glycoursodeoxycholic acid.
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12- HEPE (0. 0902) 11, 12- EpETrE (0. 0744) 8,9-D

i HETr E (0. 0004) EXAMPLE 6 CLASSI FI CATI ONS BASED ON
WORRKER 120VBI NATI ONS [ 0130] Di agnostics for NASH/Us200T@17726

built either fromthe described marker netabolites

directly or fromsinple conbinations of these markers.
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performance characteristics, netabolite concentrations
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sensitivity and specificity required for a particular
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di stingui shing NASH from NAFLD and Nor mal subj ects.
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preseneg ofdhe lives HSPHISEI on of netabolites was chosen as the
abmef.htmemp@d etabeiled aﬁé fdtﬂ?la&dexm efigos@dydsahgor i t hm
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classifying NASH from

2. The method of claim 1, wherein the one or more lipid metabolites are selected
from the group consisting of: PC18:3n6; PC20:3n6; CE14:0; CE16:1n7; CE18:1n9;
CEMUFA; CEn7; CE18:1n7; CE18:2n6; CE18:3n6; CE22:5n3; CEn6; CEPUFA; PC14.0;
PC16:1n7; PC18:1n9; PC18:3n3; PC18:4n3; PC20:0; PC20:1n9; PC20:4n3; PC20:5n3;
PC22:0; PC22:1n9; PC24:0; PC24:1n9; PCdm; PCdm18:0; PCdm18:1n7; PCSFA; TG14:0;
TG14:1n5; TG16:0; TG16:1n7; TG18:1n7; TGMUFA; TGn7; TGSFA; TL14:0; TL16:0;
TL18:0; TL16:1n7; TL18:1n7; TL18:1n9; TL18:3n6; TL18:4n3; TG18:3n3; TG20:3n9;
TG22:6n3; TG24:0; CE14:1n5; CE18:0; CE20:0; CE20:1n9; CE20:3n9; CE20:4n3;
CE20:4n6; CEZO:_2n6; CE22:0; CE22:2n6; CE24:0; CESFA; PC20:4n6; PC22:5n6; PCné6;
PCPUFA; PE20:4n6; TG15:0; TG18:2n6; TG20:0; TG20:2n6; TG20:4n6; TG20:5n3;
TG22:0; TG22:2n6; TG22:1n9; TG22:4n6; TG22:5n6; TG24:1n9; TGn3; TGn6; TGPUFA;
TL15:0; TL20:0; TL22:0; TL18:2n6; TL20:2n6; TL20:3n9; TL20:4n3; TL20:4n6; TL22:4n6;
TL22:5n6; LY 16:0; FA18:1n7; SM18:0; SM22:1n9; SMLC; PGB2; PGE2; PGF2a; 15-keto-
PGF2a; 5-HETE; 8-HETE; 9-HETE; 11-HETE; 12-HETE; 12-HEPE; 11,12-EpETTE; 8,9-
DIiHETTE; PC18:0; PC22:5n3; CE20:3n6; CELC; TGLC; TG18:3n6; TG20:4n3; TG20:3n6;
TG22:5n3;LYLC; LY 18:0; LY20:3n6; PE18:3n6; PE20:3n6; PE22:5n3; FA18:0; FA20:5n3;
| FA18:1n9; FA20:3n6; 15-HETE; TL20:3n6; PC18:2n6; PC20:2n6; PE20:2n6; SM16:0;
PGA2M; 6-keto-PGF1a; 11-DTXB2; 12,13-DiHOME; 9,10-EpOME; 12,13-EpOME;
PC22:6n3; PE22:6n3; LY22:6n3; PE14:0; PE18:1n7; PESFA; PELC; FA16:0; CE22:6n3,
TL22:6n3; PCLC; PC18:1n7; LY18:1n7; LY 18:1n9; LY 18:2n6; LY 18:3n3; and 19,20-
DiHDPA.
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NAFLD and Normal subjects Met abolite Pair ROC AUC

Sensitivity Specificity Threshold 1. 15-HETE I
wazeokeen9PG-2a 0.90 0.88 0.94 0.58 2. TG18: 1nACT/US2007/017726

PC20: 3n6 0.81 0.97 0.58 0.34 3. 11-HETE | CE22.6n3

0.82 1.00

3. The method of claim 1 or 2, wherein the one or more lipid metabolites

comprise one or more fatty acids.

4, The method of claim 3, wherein the amount(s) of the one or more fatty acids
are relative amount(s) of the one or more fatty acids to total fatty acid content in the lipids of

one or more lipid classes in one or more samples.

5. The method of claim 1 or 2, wherein the one or more lipid metabolites

comprise one or more eicosanoids.

6. The method of claim 1 or 2, wherein the liver disorder is steatosis, NAFLD, or

NASH.

7. The method of claim | or 2, further comprising comparing the amount(s) of

the one or more lipid metabolites to one or more references.

8. The method of claim 2, wherein the liver disorder is steatosis or NAFLD and
the one or more lipid metabolites are selected from the group consisting of: PC18:3n6;
PC20:3n6; CE14:0; CE16:1n7; CE18:1n9; CEMUFA; CEn7; CE18:1n7; CE18:2n6;
CE18:3n6; CE22:5n3; CEn6; CEPUFA; PC14.0; PC16:1n7; PC18:1n9; PC18:3n3;
PC18:4n3; PC20:0; PC20:1n9; PC20:4n3; PC20:5n3; PC22:0; PC22:1n9; PC24:0; PC24:1n9;
PCdm; PCdm18:0; PCdm18:1n7; PCSFA; TG14:0; TG14:1n5; TG16:0; TG16:1n7;
TG18:1n7; TGMUFA; TGn7; TGSFA; TL14:0; TL16:0; TL18:0; TL16:1n7; TL18:1n7;
TL18:1n9; TL18:3n6; TL18:4n3; PC18:0; PC22:5n3; CE20:3n6; CELC; TGLC; TG18:3n6;
TG20:4n3; TG20:3n6; TG22:5n3;LYLC; LY 18:0; LY20:3'n6; PE18:3n6; PE20:3n6;
PE22:5n3; FA18:0; FA20:5n3; FA18:1n9; FA20:3n6; 15-HETE; TL20:3n6; CE14:1n5;
CE18:0; CE20:0; CE20:1n9; CE20:3n9; CE20:4n3; CE20:4n6; CE20:2n6; CE22:0;
CE22:2n6; CE24:0; CESFA; PC20:4n6; PC22:5n6; PCné; PCPUFA; PE20:4n6; TG15:0;
TG18:2n6; TG20:0; TG20:2n6; TG20:4n6; TG20:5n3; TG22:0; TG22:2n6; TG22:1n9;
TG22:4n6; TG22:5n6; TG24:1n9; TGn3; TGn6; TGPUFA; TL15:0; TL20:0; TL22:0;
TL18:2n6; TL20:2n6; TL20:3n9; TL20:4n3; TL20:4n6; TL22:4n6; TL22:5n6; PC18:2n6;
PC20:2n6; PE20:2n6; SM16:0; PGA2M; 6-keto-PGFla; 11-DTXB2; 12,13-DiHOME; 9,10-
EpOME; 12,13-EpOME; PCLC; PC18:1n7; LY 18:1n7; LY 18:1n9; LY 18:2n6; LY 18:3n3;

“and 19,20-DiHDPA.

9. The method of claim 8, wherein
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7a- I—|ydr(b)<ycmﬁl lg:gqi membohtggcmms CE18:0, CE20:0, CE20:1n9,

CEZ@W‘Cg ¢-4972 @30%%%0@%&(%767 %%zthbdte%zlm ook @l OkSFA,

F% roxychol est er ol F% xychol est er of :
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PGA%E lg é&?b:}ﬁ%ﬁﬁg dgﬂa%]ﬁaiﬁf ,\;gf)d ESoffE, §2,13-EpoME, PCLC,
PC18:1n7, LY18:1n7, LY 18:1n9, LY 18:2n6, LY18:3n3, and/or 19,20-DiHDPA are

negatively associated with the liver disorder.

10. The method of claim 2, wherein the liver disorder is NASH and the one or
more lipid metabolites are selected from the group consisting of: PC18:3n6; PC20:3n6;
CE14:0; CE16:1n7; CE18:1n9; CEMUFA; CEn7; CE18:1n7; CE18:2n6; CE18:3n6; _
CE22:5n3; CEn6; CEPUFA; PC14:0, PC16:ln7; PC18:1n9; PC18:3n3; PC18:4n3; PC20:0;
PC20:1n9; PC20:4n3; PC20:5n3; PC22:0; PC22:1n9; PC24:0; PC24:1n9; PCdm; PCdm18:0;
PCdm18:1n7; PCSFA; TG14:0; TG14:1n5; TG16:0; TG16:1n7; TG18:1n7; TGMUFA;
TGn7; TGSFA; TL14:0; TL16:0; TL18:0; TL16:1n7; TL18:1n7; TL18:1n9; TL18:3n6;
TL18:4n3; LY16:0; FA18:1n7; SM18:0; SM22:1n9; SMLC; PGB2; PGE2; PGF2q; 15-keto-
PGF2a; 5-HETE; 8-HETE; 9-HETE; 11-HETE; 12-HETE; 12-HEPE; 11,12-EpETTE; 8,9-
DIiHETTE; PC18:0; PC22:5n3; CE20:3n6; CELC; TGLC; TG18:3n6; TG20:4n3; TG20:3n6;
TG22:5n3;LYLC; LY 18:0; LY20:3n6; PE18:3n6; PE20:3n6; PE22:5n3; FA18:0; FA20:5n3;
FA18:1n9; FA20:3n6; 15-HETE; TL20:3n6; TG18:3n3; TG20:3n9; TG22:6n3; TG24:0;
CE14:1n5; CE18:0; CE20:0; CE20:1n9; CE20:3n9; CE20:4n3; CE20:4n6; CE20:2n6;
CE22:0; CE22:2n6; CE24:0; CESFA; PC20:4n6; PC22:5n6; PCn6; PCPUFA; PE20:4n6;
TG15:0; TG18:2n6; TG20:0; TG20:2n6; TGZO:4n6; TG20:5n3; TG22:0; TG22:2n6;

63



What is clained is: |.A nethod of diagnosing or
monitoring a liver disorder in a subject, conprising:
w@ 2Qosaiztier m ni ng an anount of one or nore | i piBCT/US2007/017726
nmetabolites in one or nore sanples froma body fluid
of the subject; and (B) correlating the
anount (s) of the one or nore lipid netabolites with
the presence of the liver disorder; wherein the lipid
netabolites are fatty acids and/or eicosanoids; and
wherein the liver disorder is hepatic inpairnent,
hepatic steatosis, non-alcoholic fatty |liver disease
(NAFLD), steatohepatitis, or non-al coholic
steatohepatitis (NASH). 2. The nethod of claim1,
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WO 2008/ 021192PCT/ US2007/ 017726 TQ&22: 1n9; TQ&22: 4n6;
TG&2:5n6; TQ&4:1n9; TG3; TGn6; TGPUFA; TL15:0;
wak@8o(19rL22: 0; TL18:2n6; TL20: 2n6; TL20: 3n9; PCT/US2007/017726
TL20: 4n3; TL20: 4n6; TL22:4n6; TL22:5n6; PC22:6n3;
PE22: 6n3; LY22:6n3; PE14:0; PE18: 1n7; PESFA; PELC
FA16: 0; CE22:6n3, TL22:6n3; PCLC, PC18:1n7; LY18:
n7; LY18:1n9; LY18:2n6; LY18:3n3; and 19, 20- D HDPA.
11. The net hod of claim 10, wherein (a)
the lipid netabolites PC18:3n6, PC20:3n6, CE14:0,
CEl6: 1n7, CE18:1n9, CEMJUFA, CEn7, CE18:1n7, CE18:2n6,
CE18: 3n6, CE22:5n3, CEn6, CEPUFA, PCl14:0, PC16: 1n7,
PC18: 1n9, PC18: 3n3, PC18:4n3, PC20:0, PC20: 1n9,
PC20: 43, PIO2HETREapd BE22.603; PC22: 1n9, PC24: 0,
PC24: 1n9, P . mL8: 1n7, PCSFA, TGl14: 0,
TGl4: 1n5, ngghagqﬁl@%@n? @'?'(318: 1n7, TGWFA, TG7,
TGSFA, (€TL14PQC22:6131adOPCI8:3r8: 0, TL16: 1n7, TL18: 1n7,
TL18: 1n9, TL18:3n6, TL18:4n3, LY16:0, FA18:1n7,
SWA.8: OThéMRehod BPclaid 65 2, BHBr:in feiethdd(dfAsonitoring is used to
15- ket 0- PGF2a, 5-HETE, 8-HETE, 9- HETE, 11-HETE,
determine the| sphject’srsspqpgeto WpYtMESt FhET £ 8 9- D HETr E, PC18: 0,
PC22: 5n3, CE20:3n6, CELC, TG.C, TG18:3n6, TG&20:4n3,
TE20: 3fibe mEBRE obeldinm YpC2, whetedn the livedjsada is pragatghgith one
; : K ; i s i Bv I¥tion, HBV
or mop SR st e P P h Anbr el posi 1 vely
infectipns HEVainEation vifal indude sieptogip.stsatpsts;indsiqer
agent((ml SdiScdd d@&%&?&@@ﬁ},%g@&%h@@mﬁﬁ& PPGDY), diabetes, insulin
_’TGf%:GnS“ T&24; 0, CE14: 1n5,. C%18:0, 20: 0, 20:.1n9
resust@wgﬁ@)’hcémtﬂe&ﬁ&oh Mh&r tsea%5: %%1’0 |&Et§§t.gépatms, an
inbor-Ertdr of Mfetatloligd, dgenCiShRdratidhA0xifrifducBLaRatb41§ toxiCinpced

CPUFEA, PE2Q:.4n6, TG15:0, TG18:2n6, T&P:0, TG20: 2n
steatopeBA e MRCUG SEE R QU ep! ErpOD elacrissgie sty

bariathiGddrgdmySand 322 baGplaht24: 1n9, TG13, TGnh6, TGPUFA,

TL15: 0, TL20:0, TL22:0, TL18:2n6, TL20:2n6, TL20: 3n9,

TL2O0: 4 : . L2 3: , or 11244 1 the Y] re selected

i gic MEyS chbim L2 g, 10 qryiar Shtel s febrbiih b sleoce
from fha B§RUP, COTESHNERY Bloot plgsngy rumpdislatebdipapretein fraction saliyp, urine,
lymph H3d; d¥erdorckBindMuid L Y18: 3n3, and/or 19, 20- D HDPA are

negatively associated with the |iver disorder. 12. The

hod. of . claim.1 or . 2, [

o of e R B §ofi 16 AR B duh PR P ER 4D B gl Gouo
consistiighod tlcofl, hsmarserem, etisglatedlipdpeotoindragiiomopre | i pi d

nmet abolites conprise a pair of |ipid netabolites

salgect qfe hieibdiofelagh QU 8COND| &t 11NGhedein(tB subfects BEhuanad.

15- ket o- PGF2a; (b) TG18: 1n7 and PC20: 3n6; 64 WO

1

pé%% g%%gtfgﬁﬁﬁé;%% %ﬁ%’@?ﬁ&‘%&% %‘;%%Ec%?? %‘R:“and
com - oNno. . e nmetho 0 clalm or ,
WRRleeh ingﬁemﬁLQ 2o oFBY Jrdrl thrdySic 148 &tota? féill?tsa@fd_'l'{fﬁg@nt in

the subject's response to treatnent. ] . Th

the lipidg ploenesr maralipi tlagses in a sgmplefromprhedy flyidhof ghesybigel a1ds
ASSAEAREGe WiAHVeQRR uRl(s) WRhGhE PrainkE 6Nthe Fobralidopdtrf 1 om
the group consisting of hepatitis, H'V infection

{ ) . V
| SEER i IS ORRARBHE MASEIeD] RS aleB g ohole fay
liver 8is&R¢ OSABLDY)dicaHepayitis on adh-vicotllic isteh@bépatitis NASHIY |
drug-i nduced steatosis, obesity, polycystic ovary

Syjpdr o . t i. n. r | 1&s are selected from
oY %CQF%)aggmgﬁ,cmﬂl @1%;& 3r R RHRRGES are selected f

abol'i ¢ di sorder, atty liver di sease _

the geahip epmisHiBE SF:cBE BREISAPEE0/3n6: KK 110 GEAGAR 7E 1§1n5; CEMUFA;
CEn7TeiEIRALY SOE 1 $243E 081 8.6n6 GE2D BB OOENE; QEPUFA} a1 2d; PC16:1n7;

steatosis, toxin-induced steatohepatitis,

mal nutrition, inpaired nutrient absorption, celiac

di sease, |i podystrophy, barfatric surgery, and a liver

transpl ant . 16. The method of claiml1, 2, 8,

9, 10, or 11, wherein the sanple(s) are selected from

t he group consisting of blood, plasm, serum isolated

. .

y a non-viral infectious



the lipids of one or nore lipid classes in a sanple
froma body fluid of the subject; and correlating the
w0 edoaneme2 amount (s) with the presence of the |PEBDS2007/017726

di sorder; wherein the liver disorder is hepatic
i mpai rment, hepatic steatosis, non-alcoholic fatty
I'iver disease (NAFLD), steatohepatitis, or
non- al cohol i c steatohepatitis (NASH). 20. The
nmet hod of claim 19, wherein the one or nore fatty
acids are selected fromthe group consisting of:
PC18: 3n6; PC20: 3n6; CE14:0; CE16:1n7; CE18: 1n9;
CEMUFA; CEn7; CE18:1n7; CE18:2n6; CE18: 3n6; CE22:5n3;
CEn6; CEPUFA; PCl14:0; PCl16:1n7; WD

PC18:2A9F (A3 BhI2ARCIR: 4182 00 Z0:0 1 FTAG1 idCRE2A:Ak8 ; PR2OSn313;22:0;

o2 Pt b3 s poghing et s TR g0,

TG14RESMG &0 TG POBFATGT&147;,0iGMUFA; TAH7; TGI6A UF L I L1 AP;

1nz: i )
e TRE4 T TS P T T, g b
TG22F@3STGHRY; TEOHEnOE | $:620EBhG: CEI?@214190CE€§E1m9 ﬁ’ﬁ@o 4“3
CE208§%8CI%20 %C%Qz .0CERSs. WCE@E%OCQQQA(i@pLh@" ﬁczz 5n6; PCr6;

0:2n6; CE22:
PCPUPG BEAR6nG; (SIS %ff@lSﬁeﬁBTGWO Py BN AR

TGzz%%ﬁQﬁé ﬁ@ﬁlrﬂ) TE2An NG 2215829 TN H:1nT;GREG35TGn6; TGPUFA;

TR T2: 1n9: IGR2: 4n

TLIS PN I7ls LG TSR] AC 1 0L 2455, 12 OingTip2:dns:
and TERA:8a&N6; TL20: 2n6; TL20: 3n9; TL20: 4n3; TL20: 4n6;

TL22: 4n6; and TL22:5n6. 21. The nethod of claim 19 or

2Q F furrﬁmethsem;m o 12 P o%tprrsmgnﬁé Lot dhparing the

ative anount one or nore aty cids to a

relatl‘resa‘nmueh@femeszvrﬁefaﬁbaﬂé‘dto@fre@rwm 21, wherein if

(a) the relative anount of PC18:3n6, PC20:3n6, CE14:0,

CE16: 1MKe metsd8 ot 818im £EMIAIn EEN7, - CE18: 1n7, CE18: 2n6,

CE18: 3n6, CE22:5n3, CEnG6, P 1 7
PC18: 19, PREsclahs a"ﬁéi‘a"fzf% %62%5559 "fQCEERﬁ{ Celbn,
CE188@20CBMBIF ARCH7 5081 8: RI2 ZEDS :2MEAE 131386, CE2U51(3, CEn6 CEPUFA,

e e e
PC20B@SHAC22T0, PL20;1 nTLPAER240), PTR48n9), PCﬂtnl@’CﬁnﬂB O0TPC&m1§iTn7, PCSFA,
TG14] (h]r%llr\%s Téido, 31‘@:6 ﬂi’rd/ré'is ﬂr‘ﬂ-%‘(ﬂ\ﬁﬁﬂ(\s’)r@r\ﬁalt@iﬂ{ Ran 4.0,

reference e rel atlve
TL 1603 LA8:00FL I6crd; §h38 lm®13ﬁ99 TEABBn6ramd/or ERA8:gn3 is greater
than EEAANS, I 0. CE20: 0. CE20: 1n9, CE20: 3n9, *CE20: 43,
n6 CE20: 2n6, CE22:0, CE22:2n6, CE24:
B0 108, PEs2elsg ameuntor 1esscind, TRedaTh o2 Ao EoRk0,

CE141(@58CE 160, A0, CE260240,; Crfd:3nb2026tns3, CEZRAn6CE20:2n6,

TG&22: 0, 2 ; , 4 . ,
cr2ol G nad G el i P22 sdR Grorb P PR peapiaps,
TG1510, 1% 13t0m6, TG200,21G20:I62 TG30:3n6, MG20: 543 3TGI2:00F @?ﬁ’jzm

TL22; , . .8
ol 2y SR AL P R RIS LIRSS,
TL22f @ Ly 821, éFrLZQ:Zsé,aEIeZOCMF[D}O 4}, & éﬁ@ﬁe@é’t@tﬁ“@ apgl/or TL22:5n6
is lo gg}&glﬁge 'E%dén%? St eat ohepat itis (NASH) i s indicated.

di agnosi ng NASH in a subj ect,
c dwpaticgimpeirmen, @petmsstwosesﬂ pom@deohsdic é#ttyclrvar fiscege (WARLD), -

steatJh%atd?@for%gmrcbﬁélr&téameéétﬁi@ mksﬁ?tseﬁm;nwg the |evel
an eicosanoid in a body fluid fromthe subject,

B s

methﬁlabhmdmolf‘) andafurth@3omphising the stapeofdetcusiningitee kevel ©F h'eeit:@%imid
fr R

ina g Buld EorP AR Sherbip WhidHer dian el Feve iEHHicalfi et NASH.
1- HETE; 12- HETE; 12- HEPE; X%, 12- EpETrE;, and
8, 9- D HETr E. 25. The nethod of claim 19 or 20,
wherein the relative amounts of two or nore fatty
aci ds are determ ned. 26. The nethod of claim1l

I e 1 Y



28. The nethod of claim 27, wherein the anmount of the
netabolite is the relative anount of the fatty acid to
wo odosl2fietty acid content in the |ipids of onepOr/UBN®017726
lipid classes in the sanple. 29. The net hod of
claim 28, wherein the fatty acid is selected fromthe

group consisting of: PCl18:3n6; PC20:3n6; CEl4:0;

CEl16: 1n7; CE18:1n9; CEMJUFA; CEn7; CEI8:1n7; CE18:2n6;

CE18: 3n6; CE22:5n3; CEn6; CEPUFA; PCl4:0; PCl16:1 n7;

PC18: 1n9; PC18: 3n3; PC18:4n3; PC20: 0; PC20: 1n9;

PC20: 4n3; PC20: 5n3; PC22:0; PC22:1n9; PC24:0;

PC24: 1n9; PCdm PCdni8: 0; PCdml8: 1n7; PCSFA; TGl4: 0;

TGl4: 1n5; TGL6: 0; TGL6: 1n7; TGL8: 1n7; TGVMIFA;, TGnh7;

THSFA; Theimeth@! of Fiais: 23; wirereig:the ciqusawpig jsaelegted fomyfhe group
consnst-gégf ﬂsnﬁETELﬁ@Bzgf]ﬁ}Eszb?rz&nﬁ»k&Ei:éiFi@S HEFE88-YETE; 9-HETE;

CE20; 3n9: CE20: 4n3:  CE20: 4n6;

H-HE@@:ZG)ZWE @ﬁﬂ’ﬁ 'tE%ffPEHBE apg 8H-BIHERBE A PC20: 4n6:
PC22:5n6; PCn6; PCPUFA, PE20:4n6; TGL5:0; TGL8: 2n6;
TER20: Orhe iaRoLorG:1aihGRGr 20,65 héFGa BhemaBivel£ERungs of two or more

£ 6%2&2({%5' l'I' 2:1n9; TQ&2:4n6; TQ&2:5n6; TG&4: 1n9;

atty 3re SPEIBINSC pUFA: TL15:0: TL20: 00 TL22:0: TL18: 2n6:

TL20: 2n6; TL20: 3n9; TL20: 4n3; TL20: 4n6; TL22: 4n6; and

T202: 5He metygy gigtmmoaridowhereindbomethgd ofmgnitgsingjigused to

deterrrﬁﬁéJ?\QQUlgéct%lr@dehs%QQtrfadifn%ﬁler conprising the step of
conparing the rel atlve anmount of one or nore fatty

mz%? e:: ‘Slta*ft}goed]c ras(:"src]scs?ng lev%l %129 ldg |PQI{|/e211Ja£}n§pa %ubz;)fct
compriRGigBdeBerthini ROMO aBiobnt @Elmd)pet@ﬂﬁe thrazsam@ielfiiom adody fluid of the
MJUFA, CEn7, CE18:1n7, CEl1 8:2n6, CE18:3n6, CE22:5n3,
n6é, CEPUFA, PCl4:0, PCl16:1n7, PCl 8:1n9, PCL8:3n3,

PehSeiriBe lificagtaboliRdpe fatty acidprzsentin 3 lippcios:smd

PR ére B th&fiid o b aggéfdﬂ i 90 P ftP c@d “total

%ﬁ'ﬁ%tmgg’ BEFRTC 1470 “%"g’p ns % >
fatty av@wrlglyﬂefldesr@hglesew!teﬁws W@vbﬁiﬁdylcmhves *mSFA TL14 0,
phospﬂ'étldgle%ana'l'a%%ueg. TL16: 1n7, TL18 1n7, TL18: 1n9,

3n6, and/or TL18:4n3 is greater than the

Lo T nepddofitaim ephgrein eyl of REsATARY S he retacive
amouGieE GeFady adGERGPYh Bty GEdQodta®, in BEAPidard onmEARo® lipid classes in
the aGER2: 2n6, CE24:0, CESFA, PC20:4n6, PC22:5n6, PCns,

BESUFA, PE20: 4n6, TO 15: o TGLS: 2n6 TG0: 0, TG20: 2n6,

TG20: 4n6, TG20:5n3, TG22:0, TG22:2n ES?Z %]n

TED2: ARes methodotgigm %Bezvﬁ!eff"h‘ée f%?ﬁ'd irsglested-fegm g roup
consislihg of: OPC 118: 2{&; OC20:82%2 CE14:0, TB1&8nh7; GRIBON2NEEMUE2(] .CEnI;

TL20: 4 - 4no6, 4 5 ower
ce18g e e FETRANE ol 08y 2 Bin, FEAR00RE: 45,00
PC18il he G N8eIn3t BC 1 §1¢h3c 8C20t0; B20Th®; RERGidaB; 1C2015a8 rRC22;0;

t t N f
real 5 RS FHEL I AR BBty R A R o
TG14d nbomm D;UT@H&)fMt W@lsmﬂ, REMUfide Gin; THSFACHoHD: TLY6@;

1 fqr
TL13{§E‘I'§‘P§ Jé'i Q‘l!%gdﬁ‘? A 8l i 9”T£f‘ae3r§l§i%ﬁ’s QW?EQWAQ GEis:0;
CE20 0B % nGIGF20: 3@91@1-:1%3 EE28:406:0-EX02n8; SRe2: 0@22 263

CE24@EQQSFQEP@EWnd°%42@n6 REnkSPCRURK; PEXOLEI6; TGNS:0; PC14:2n6;

4n3: PC20:
TS, e T e R e R | SR
TG22Ra8 824 1 nF Qs STEG A TG, TINGI} TL20:0Gr U221 050 L IBEM6; O;

TLzogG%,GTlonsﬁgT%&go %%;gl@{“? Prp 2o %ha?\d(ﬁLz'%é E'—M 0

TL18: 3n6; TL18:4n3; CEl 4:1n5; CEl1 8:0; CE20:0; CE20: |
n9; CE20: 3n9; CE20:4n3; CE20:4n6; CE20:2n6; CE22:0;
CE22: 2n6; CE24:0; CESFA; PC20: 4n6; PC22:5n6; PCn6;
PCPUFA; PE20: 4n6; TGL5:0; $818:2n6; TG20:0; TG20: 2n6;
TG&20: 4n6; TO020:5n3; TQ&2:0; T&X2:2n6; TG&22: 1n9;
T022:4n6; T022:5n6; T&24:1n9; TGh3; TGn6;, TGPUFA;
TL15: 0 TL20 0; TL22 0; TL18 2n6 TL20: 2n6; TL20 3n9;
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35. The nmet hod-of claim 34, wherein the .,sarnple

ii."$ electetlfrornthe rip onsi-sting of blood,
w@bk@som,195erum or isolated |ipoprotein fractiPeI/US2007/017726

36. --The method of claim19,:20, 22, 27, 28, 29, 30,

31; or 32, wherein the stlbject is a human. 37. The

met hod of claim1, 19 or 27, wherein the subject is a

liver graft donor candi date, being eval uated for

bariatric surgery, has had bariatrie surgery, or is

bei ng nonitored for weight loss. 38.A kit for use in

the nethod of claim19, 20, 27, 28, or 29 vtilibi'ein

the kit conprises (a) an antibody to a fatty acid; and

(b) instructions for use. 39. -The kit of claim 38,

Wher éihe mdieodaficlaim2Ohrthaonmprisieg the(step' of cempasing the relative

amountgﬂI)ﬂeb&q% ré Pm?aé.l%‘ié?gqeér%ﬂéey acid. 40.A kit for use in

od o alm O _wherein the kit conprises
éﬁ) an antlbqay to the one gr nor e I|p|d nmet abol i tes;
d ("'B‘f methad qfcfaing 39 yhgreind The kit of

cl ai M0, i RIEivearbnt st PCLRBAH, PER6: BﬁﬁltCIE.h@d] €£16:0n7,WO0

cere SRk PSS S s R0 SR
PC14.029:16flthl71 ﬂ’erS.DG{TBCII &Bﬁﬂg PO‘IEAB],G}E%]‘O BGW&“Q I?@20h83
L at t

5 ERES Y, oy T PR K4 gy, rsn
TG14:0( B 14:hve5, 61 610, V616100 TG 16 I nPCIGMAHRE, TREZOTGRBA, TEIM0.0,
R T e e
than thepefe@ngg19nd/PC18: 3n3, PC18: 4n3, PC20: 0, PC20: 1n9.

PC20 B3, tECQ%Qtl5Q§tnoErQ%2CQi4 P@%El@%; cB&24; €20:1n9,

1n9, PCdm PCd Cdnt 8 PCSFA, TGl4: 0,
CE203 745 45201455, RIS, CRER GG G 2P CRB2EATS, CRAMORES o
PC20: 4;T63$Eé~:2l sgtb%?,s Pé;h%ﬁAOR%zBulﬁ PG 15 b,lgG flgxhe, Tct18 2011G20:2n6,
n n I | S

TG20:436, 0GB B3R Dot 1622: 1, TSP mcr BRS¢ T
TGn3, BORG, TGPOF ACEL45: bnﬁu(ﬂf,ﬂ&z@ 0, @Egzgzzu% g@E@Qna,ggq_zg :3n9,
204 GE3028186. T Hof SeeETE 0o 401 SR B RO

RCRoRAtoPEAE G ided Glbe Oyer TGhBicE, TG20: 0, TG20: 2n6,

TG20: 4n6, TG20: 5n3, TG22:0, TG22:2n6, TG22: 1n9,

5322: ’ﬂﬂt@netﬂ-&?gf MR 29T§214ielj&g1prll@ %etem% HdFRldkide amount
TL15: 0, TL20:0, TL22:0, TL18:2n6, TL20:2n6; TL20:3

 of a secqueh different ligidywgtaholite rasomplg 6r°%h9ddrﬂ%2fz'hs sEbIgc ‘Y‘B\Wé‘?
the secotnh 3iBid rh@abit CdeRRGE  front thd FEBud lcoMisting of:r PQI 8/8:5; PA26:316)

cersor (1T CandarditbBR: R e FE1Serd s
CE22:5n3; CEn6; CEPUFA; PC14:0; PC16:1n7; PC18:1n9; PC18:3n3; PC18:4n3; PC20:0;
PC20:1n9; PC20:4n3; PC20:5n3; PC22:0; PC22:1n9; PC24:0; PC24:1n9; PCdm; PCdm18:0;
PCdm18:1n7; PCSFA; TG14:0; TG14:1n5; TG16:0; TG16:1n7; TG18:1n7; TGMUFA;
TGn7; TGSFA,; TL14:0; TL16:0; TL18:0; TL16:1n7; TL18:1n7; TL18:1n9; TL18:3n6;
TL18:4n3; CE14:1n5; CE] 8:0; CE20:0; CE20:1n9; CE20:3n9; CE20:4n3; CE20:4n6;
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of a second, different lipid netabolite in a sanple
froma body fluid of the subject, wherein the second
wo 2dek021781L abol ite sel ected fromthe group consp@it/i§®o7/017726
of : PC18: 3n6; PC20: 3n6; CE14:0; CE16:1n7; CE18: 1n9;
CEMJUFA; CEn7; CE18:1n7; CE18:2n6; CE18: 3n6; CE22:5n3;
CEn6; CEPUFA; PCl 4:0; PCl6:1n7; PCl8:1n9; PC18: 3n3;
PC18: 4n3; PC20:0; PC20:1n9; PC20:4n3; PC20:5n3;
PC22: 0; PC22: 1n9; PC24:0; PC24:1n9; PCdm PCdml8: 0;
PCdnl8: 1n7; PCSFA; TGl14:0; TGl4: 1n5; TGl6:0; TG16: 1n7;
TG18: 1n7; TGWJFA;, TGnh7; TGSFA; TL14:0; TL16:0; TL18:O;
TL16 1n7 TL18: 1n7; TL18: 1n9; TL18 3n6 TL18 4n3 .
5. 4l o°f%ﬁaé'gq(3§%5g7 2@3’2 Hdg
ne or K cmdxt@fasmwﬂtfmn AhFeErowRCe:

nfectlaEa-QC'é nrﬁ'ect%ﬁlvﬁrép-md-ﬁ%te%ﬂﬁl :

TL20: éns TL20 4n6;. TL22:.4n gd n%
nborn 25¢9E0f e tabolsrer 2 geasily Ay aton, oyt He
JeatolﬁHpaQt?s, mafiRkrition, Ii'rhﬁlréd marierd aBwergler, ¢c$raag SIS

nor, e lco gl oqs sel-ect eéd* f rofr t'He'
’a"atré sﬁ'ﬁeﬁ i2Rg 2 der ﬁa"ppafl tis, H\V infection, HBV
i nfection, HCV infection, viral-induced.steat 0SES; =y

stbat oBtesmetherliefecdaimyl 9a2haR- 27 P8I 2% St s ™ Ay e
s sele€iicd grohﬂqb' Cﬁ%&%ﬂﬁﬁ bBblo&d) @&lsvtny  sc R, Y%Ya‘iéd ISpoPMAdiN ﬁ:a.c,arn

syndrone { di abetes, insulin resistance, = :: s
salivafringplymiph F%B’P‘iﬂ%ﬁ’eb"%ﬂ%’éh%‘l"f’c fatty Iiver disease,
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41. . The kit of claim 40, wherein the kit comprises antibodies to two or more lipid
metabolites. . '

69



41. The kit of claim40, wherein the kit conprises
anti bodies to two or nore |ipid netabolites.
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30. The method of claim 29, further comprising the step of comparing the relative

amount of one or more fatty acid to a reference.

31. The method of claim 30, wherein if

(a) the relative amount of PC18:3n6, PC20:3n6, CE14:0, CE16:1n7,
CE18:1n9, CEMUFA, CEn7, CE18:1n7, CE18:2n6, CE18:3n6, CE22:5n3, CEn6, CEPUFA,
PC14:0, PC16:1n7, PC18:1n9, PC18:3n3, PC18:4n3, PC20:0, PC20:1n9, PC20:4n3,
PC20:5n3, PC22:0, PC22:1n9, PC24:0, PC24:1n9, PCdm, PCdm18:0, PCdm18:1n7, PCSFA,
TG14:0, TG14:1n5, TG16:0, TG16:1n7, TG18:1n7, TGMUFA, TGn7, TGSFA, TL14:0,
TL16:0, TL18:0, TL16:1n7, TL18:1n7, TL18:1n9, TL18:3n6, and/or TL18:4n3 is greater
than the reference; and/or ey

(b) the relative amount of CE14:1n5, CE18:0, CE20:0: CE20:1n9,
CE20:3n9, CE20:4n3, CE20:4n6, CE20:2n6, CE22:0, CE22:2n6, CE24:0, CESFA,
PC20:4n6, PC22:5n6, PCn6, PCPUFA, PE20:4n6, TG15:0, T018:2n6, TG20:0, TG?iOon6,
TG20:4n6, TG20:5n3, TG22:0, TG22:2n6, TG22:1n9, TG22:4n6, Té}22:5n6, TG24:1n9,
TGn3, TGn6, TGPUFA, TL15:0, TL20:0, TL22:0, TL18:2n6, TL20:2n6,; TL20:3n9, .
TL20:4n3, TL20:4n6, TL22:4n6, and/or TL22:5n6 is lower than the reference;

accumulation of triglycerides in the liver is indicated.

32. The method of claim 29, further comprising determining the relative amount
of a second, different lipid metabolite in a sample from a body fluid of the subject, wherein
the second lipid metabolite selected from the group consisting of: PC18:3n6; PC20:3n6;
CE14:0; CE16:1n7; CE18:1n9; CEMUFA; CEn7; CE18:1n7; CE18:2n6; CE18:3n6;
CE22:5n3; CEn6; CEPUFA; PCld:O; PC16:1n7; PC18:1n9; PC18:3n3; PC18:4n3; PC20:0;
PC20:1n9; PC20:4n3; PC20:5n3; PC22:0; PC22:1n9; PC24:0; PC24:1n9; PCdm; PCdm18:0;
PCdm18:1n7; PCSFA; TG14:0; TG14:1n5; TG16:0; TG16:1n7, TG18:1n7; TGMUFA;
TGn7; TGSFA; TL 14:0; TL16:0; TL18:0; TL16:1n7; TL18:1n7; TL18:1n9; TL18:3n6; -
TL18:4n3; CE14:1nS; CE] 8:0; CE20:0; CE20:1n9; CE20:3n9; CE20:4n3; CE20:4n6;
CE20:2n6; CE22:0; CE22:2n6; CE24:0; CESFA; PC20:4n6; PC22:5n6; PCn6; PCPUFA;

- PE20:4n6; TG15:0; TG18:2n6; TG20:0; TG20:2n6; TG20:4n6; TG20:5n3; TG22:0;
TG22:2n6; TG22:1n9; TG22:4n6; TG22:5n6; TG24:1n9; TGn3; TGn6; TGPUFA; TL15:0;
TL20:0; TL22:0; TL18:2n6; TL20:2n6; TL20:3n9; TL20:4n3; TL20:4n6; TL22:4n6; and
TL22:5n6.
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33. The method of claim 19 or 27, wherein the liver disorder is associated with
one or more conditions selected from the group consisting of: hepatitis, HIV infection, HBV
infection, HCV infection, viral-induced steatosis, steatosis induced by a non-viral infectious
agent, drug-induced steatosis, obesity, polycystic ovary syndrome (PCOS), diabetes, insulin
resistance, metabolic disorder, alcoholic fatty liver disease, alcoholic steatohepatitis, an
inborn error of metabolism, a genetic alteration, toxin-induced steatosis, toxin-induced
steatohepatitis, malnutrition, impaired nutrient absorption, celiac disease, lipodystrophy,

bariatric surgery, and a liver transplant.

34, The method of claim 19, 20, 22, 27, 28, 29, 30, 31, or 32, wherein the sample
is selected from the group consisting of blood, plasma, serum, isolated lipoprotein fraction,

saliva, urine, lymph fluid, and cerebrospinal fluid.

35. The method of claim 34, wherein the sample is selected from the group

consisting of blood, plasma, serum, or isolated lipoprotein fraction.

36. The method of claim 19, 20, 22, 27, 28, 29, 30, 31, or 32, wherein the subject

is a human.

37. The method of claim 1,-19 or 27, wherein the subject is a liver graft donor
candidate, being evaluated for bariatric surgery, has had bariatric surgery, or is being

monitored for weight loss.

38. A kit for use in the method of claim 19, 20, 27, 28, or 29 wherein the kit
comprises
(a) an antibody to a fatty acid; and

(b) instructions for use.

39. The kit of claim 38, wherein the kit further comprises:

() a second antibody to a second fatty acid.
40. A kit for use in the method of claim | or 2, wherein the kit comprises
(a) an antibody to the one or more lipid metabolites; and

(b) instructions for use.

41. The kit of claim 40, wherein the kit comprises antibodies to two or more lipid

metabolites.

69



