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Figure §

Table 1: Calculation of False-Discovery Rates

Database Group SEQUEST criteria* FPR(%) FDR (%)
Mouse 2+ peptidesXcorr>2.0/2.5/3.0, GBU>-1 or dCn>0.1  0.0300+0.0003 0.070 + 0.003
1 peptide Xcorr>2.4/3.0/3.8, GBU>-1,dCn>0.16, 0.0700 £ 0.0005 0.630+ 0.004
Sp>600 or RSp<6
Rat 2+ peptidesXcorr>2.0/2.5/3.0, GBU>-1 or dCn>0.1  0.0323 +0.0001 0.190 + 0.005

1 peptide Xcorr>2.4/3.0/3.8, GBU>-1,dCn>0.16, 0.1033 +0.0005 0.880 + 0.004
Sp>600 or RSp<6
F Xcorr (cross correlation with charge states of +I/&BWIthe good, the bad, and the ugly),

dCn (delta correlation), Sp (preliminary score), and RSp (the ranking of the primary score).
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Figure 6

Table 2: Novel Secreted Proteins from Immortalized Mouse Adipocytes
PSORT  Signal Identified Protein 3T3-L1 3T3-F4d2A

No.  Gene D Prediction Peptide
1 34328185 exc (pro)saposin + +
2 33859506  exc albumnin 1
3 21553309 mit apolipoprotein A-1 binding protein
4 47271511  end betaglycan; transforming growth factor (TGF), beta receptor 3
5 20137008  exc Biglycan
6 21450325 exc biliverdin reductase B
7 12963529  cyt complemcnt component 1, r subcomponent
8 06681143 exc Decorin

fibronectin |

fibulin 2 (Fbln 2)

follistatin-like 1

granulin (Grn protein, Epithelin 1 & 2)
insulin-like growth factor binding protein 4
laminin Bl subunit |

lectin, galactoside-binding, soluble, 3 binding protein (galectin 3)
lipocalin 2

orosomucoid 1

orosomucoid 2

phospholipid transfer protcin

putative secreted protein ZSIG9
quiescin Q6

thimet oligopeptidase 1

(pro)collagen, type 1V, alpha §
(pro)collagen, type XV

annexin Al (Annexin I, lipocortin I)
endoplasmic reticulum protein ERp29
interleukin 12b; IL-12 p40

interleukin 25

lysophospholipase 3

myosin heavy chain 11, smooth muscle
Osteoglycin

9 46849812 nuc
10 6679757 nuc
11 31560699 exc
12 6680107 exc
13 06981086 exc
14 33859490 nuc
15 6755144  exc
16 34328049  exc
17 6679182 exc
18 6754950  exc
19 6755112  exc
20 9903607 end
21 12963609 end
22 31981237 eyt
23 334068851 exc
24 13937349 mit
25 6754570 nuc
26 19526463 mit
27 6680397 nuc
28 18250288 end
29 19527008 mit
30 7305295 nuc
31 6679166 nuc

i T I S S A A Tk I Tk T TR T

B Ik Tk T T i i I e S S o

KL ZEZR KK CZ K AKX KZ K ZZRZEZ ALK ZZZIZ XA XL LR Z AL ZZLKZCZHR A

32 8393173 exc (pro)collagen, type V, alpha 3 - +
33 47059082 nuc ADAMTS-1; a disintegrin-like and metalloprotease (reprolysin type) - +
with thrombospondin type 1 motif, 1
34 22203763  exc carboxypeptidase E - +
35 0753558 exc cathepsin L - +
36 11968166  exc cathepsin X - +
37 6680816  mit complement component 1, q subcomponent - +
38 6755142 end cyclophilin B (peptidylprolyl isomerase B) - +
390 (6753642  exc delta-like 1 homolog - +
40 33859532 nuc dystroglycan 1 - +
41 31982690 exc epidermal growth factor (EGF)-containing fibulin-like extracellular - +
matrix protein 2 (Efemp2, fibulin 4)
42 7657067 exc EROI-like (Endoplasmic Reticulum oxidoreductin-1) - +
43 6681257  exc extracellular matrix protein 1 (ECM1) - +
44 6806917 end GM2 ganglioside activator protein - +
45 31560691  nuc hepatoma-derived growth factor - +
46 0678740 exc Lumican - +
47 6678680 exc lunatic fringe gene homolog - +
48 (678792 mit mannosidase alpha class 2B member 2 - +
49 21313658 exc retinoic acid receptor responder (tazarotene induced) 2 - +
50 38075893 end semaphorin sem2 - +
51 6755600 end superoxide dismutase 3, extracellular - +
52 6755779 nuc thrombospondin 2 - +
53 31543867 exc tissue inhibitor of metalloproteinase 2 - +
54 7657639  end transcobalamin 2 - +




Patent Application Publication Jul. 29,2010 Sheet 7 of 15 US 2010/0190686 A1

Figure 7

Table 3: Mouse Adipocytokines Regulated by Insulin Resistance

Gene ID Identified Protein (HGH)/LG PUG/LG

31982423 Adiponectin (Acrp30) 5.8(L), 4.0(F) 4.0(L),2.7(F)

51765519 Hippocampal cholingergic neurostimulatin  2.6(L) 3.0(L), 2.6(F)
protein

12963609 Quiescin Q6 7.0(L), 6.0(F) 2.9(F)

19705566 Angiotensinogen 3.8(F) 3.1(F)

6679439 Cyclophilin A [9/01(F) [20/0](F)

33859490 Laminin B subunit1 . 10.0(L) 12.0(L)

LG/((HG+D) LG/PUG

6678902 Matrix metalloproteinase 2 9.0(L), 7.0(F) 7.0(F)
(collagenase, type IV)

10181164 Fibrinogen/angiopoietin-related protein [9/0](F) [9/0](F)

Shown in (HG+I)/LG and PUG/LG are the ratios of the average unique peptides from each
secreted proteome for a particular sample. (L) refers to 3T3-L1, (F) refers to 3T3-F442A;
when no peptides were detected under a given condition the total number of unique peptides

assigned to the protein are shown in brackets | ].
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Figure 8
Table 4: Novel Secreted Proteins from Primary Rat Adipocytes
R . Sec . . Sec
No. Gene ID Identified Proteins Ref No. GeneID | Identified Proteins Ref
1 4102819 (pro)collagen C- 1 67 13928880 | plasma glutamate carboxypeptidase 64
proteinase enhancer
protein

2 28557685 (pro)collagen lysine, 2- 2,3 68 62649105 | pregnancy-associated plasma 65
oxoglutarate 5- protein-A
dioxygenase 2

3 62644224 (pro)collagen type XI 4 69 51859442 | Protease, serine, 11 66
alpha |

4 6978677 (pro)collagen, type II, 5 70 1041504 protein S 67
alpha 1

5 62654019 (pro)collagen, type XII, 6 71 62339361 retinoic acid receptor responder 68
alpha | (tazarotene induced) 1

6 16758678 (pro)collagen-lysine, 2- 2,3 72 47477890 | Ribonuclease, RNase A family 4 69
oxoglutarate 5-
dioxygenase |

7 28400779 (pro)collagen-lysine, 2- 2,3 73 40018558 serine (or cysteine) proteinase 70
oxoglutarate 5- inhibitor, clade G (C1 inhibitor),
dioxygenase 3 member 1, (angioedema,

hereditary)

8 53850608 acid sphingomyelinase- 7 74 19173736 | serine carboxypeptidase 1 71
like phosphodicsterase (Retinoid-inducible serine
3A carboxypeptidase)

9 62660765 AE binding protein 1 8 75 30027645 short isoform growth hormone 17

receptor

10 11990616 aggrecan | 9 76 13786142 | slit homolog 3 72

11 28932816 alpha-2 antiplasmin; 10 77 62640996 | spondin | 73
serine (or cysteine) (25453372)
proteinase inhibitor,
clade F, member 1

12 27436861 | amyloid beta (Ad) 11 78 34880777 | tenascin-N 74

(930262) protein; Beta-amyloid
peptide

13 40018598 angiopoietin-like protein 12 79 8394446 betaglycan; transforming growth 75
factor (TGF), beta receptor 3

14 2143593 annexin II (calpactin 1) 13 80 57472 Vascular cell adhesion molecule 1 76

(58476812)
15 20301954 apolipoprotein E 14 81 3309591 versican V3 isoform 77
(37805241)

16 58476724 Biotinidase (predicted) 15 82 38649303 Widc1 protein (WAP four- 78
disulfide core domain 1); Prostate
stromal protein ps20

17 62661703 bone morphogenetic 16 83 4519515 (pro)collagen C-proteinase 3 16
protein 1 (procollagen
C-proetinase)

18 20302073 cadherin 13 17 84 62900635 (Pro)collagen-lysine,2-oxoglutarate 79

5-dioxygenase 2 (Lysyl
hydroxylase 2) (LH2)

19 62645871 Carboxypeptidase X 1 18 85 37048700 | ADAMTS-5; a disintegrin-like and 80
(M14 family); metalloprotease (reprolysin type)
Metallocarboxypeptidase with thrombospondin type 1 motif
CPX-1 5 (aggrecanase-2)

20 4558458 Chitinase 3 like 1; 19 86 3776238 aminopeptidase N (CD13) 47
glycoprotein-39

21 62653824 | Cilp protein (Cartilage 20 37 34867707 | Arylsulfatase A (ASA) 31
intermediate layer (Cerebroside-sulfatase)
protein)

22 27688933 collagen alphal 21 88 10800128 | beta ig-h3 (TGFBI transforming 82

growth factor, beta-induced, 68kDa
)
23 62655388 collagen isoform 1, type 22 89 62653568 | Clq and tumor necrosis factor 83
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Figure 8 (cont.)
VI, alpha 3 related protein S
24 4995838 collagen type XVII, 23 90 13928758 | cathepsin K 84
alpha (I) chain
25 3164123 collagen, type V, alpha 2 24 91 60688149 | Cathepsin Y 85
(62655017)
26 62648968 collagen, type XV 25 92 1262920 CD14; a myeloid cellsurface 86
receptor and soluble plasma protein
27 22255878 colony stimulating 26 93 8393087 cell adhesion molecule- 87
factor-1 (macrophage) related/down-regulated by
oncogenes (Cdon)
28 28570180 complement component 27 94 20806123 cell growth regulator with EF hand 88
6 domain 1
29 62642976 complement component 28 95 13929074 c-fos induced growth factor 89
7 (Vascular endothelial growth factor
D precursor (VEGF-D), FIGF)
30 25244377 complement component 29 96 62658149 chordin 90
Cc2
31 11560085 connective tissue growth 30 97 62643068 | ClnS protein (Ceroid- 91
(4753900) factor (62662017) | lipofuscinosis, neuronal 5)
32 1213217 Cu/Zn superoxide 17 98 62652432 collagen type XIV 92
dismutase (SOD 1)
33 33086684 Dal-24; Complement 31 99 6007583 collagen XVIII 23
factors B (B-factor,
properdin)
34 19924047 dickkopf homolog 3 32 100 11120710 collagen, type V, alpha 3 93
(Dickkopf-3)
35 27677818 early quiescence protein- 33 101 29373916 | collagen, type XXIII, alpha 1 94
1
36 34863280 Elastin microfibril 34 102 38541053 cyclophilin B (peptidylprolyl 95
interfacer 1 (EMILIN 1) isomerase B)
37 12018274 endothelial cell-specific 35 103 2288921 DRM protein (Down-regulated in 96
molecule | Mos-transformed cells protein);
Gremlin
38 58865654 epidermal growth factor 36 104 51859271 Ectonucleotide 97
(9973135) (EGF)-containing pyrophosphatase/phosphodiesterase
fibulin-like extracellular 2 (Enpp2 protein)
matrix protein |
(Fibulin-3)
39 394739 epididymal secretory 37 105 4583509 embryonic vascular EGF repeat- 39
superoxide dismutase containing protein EVEC
40 13929178 fibrillin 1 38 106 56090361 ependymin related protein 2 98
41 42476116 fibulin 5 39 107 18104933 | fibromodulin 99
42 62652879 Fibulin-1 (Basement- 40 108 30841840 | follistatin 288 variant 100
membrane protein 90) )
43 24210470 fibulin-2 isoform a 41 109 2564302 GDNFR-alpha/TmR1-delta protein 101
44 62665389 Galactosamine (N- 3 110 62655235 Glbll protein (galactosidase, beta 102
acetyl)-6-sulfate 1-like)
sulfatase
45 34861992 Glutaminyl-peptide 42 111 38181579 | Gpel protein (Glypican 1) 103
cyclotransferase (QC)
(Glutaminyl-tRNA
cyclotransferase)
(Glutaminyl cyclase) )
46 6970046 GPI-anchored 43 112 47477840 Growth arrest specific 6 (Gas6 104
ceruloplasmin protein)
47 28849947 hemiferrin, transferrin- 44 113 47718020 Interleukin 1 receptor antagonist 105
like protein (Il1m protein)
48 62649892 heparan sulfate 45 114 106
proteoglycan 2
(perlecan) 6981590 interleukin 1 receptor-like |
49 62663812 inter-alpha-inhibitor H2 46 115 58400808 Lysyl oxidase-like I (predicted) 107
chain (Inter alpha trypsin
inhibitor, heavy chain 2)
50 13591914 kidney aminopeptidase 47 116 12275390 membrane attractin 108
M (aminopeptidase N)
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Figure 8 (cont.)
51 62666140 Laminin alpha—4 chain 48 117 1228089 multifunctional acyl-CoA-binding 109
protein (diazepam binding
inhibitor)
52 56788965 Laminin, beta-2; Lamb2 49 118 41054820 | neurogenesin 1 110
protein
53 62638338 laminin-2 alpha2 chain 50 119 4468965 NG2 proteoglycan 111
54 11136636 latent transforming 51 120 47477878 | Plasma glutamate carboxypeptidase 64
growth factor beta (Pgcp protein)
binding protein 2 (Latent
TGF beta binding
_protein 2)
55 62652278 lipoprotein receptor- 52 121 16758116 | proline arginine-rich end leucine- 112
related protein rich repeat protein
56 62664372 lysyl oxidase 53 122 34882048 [ protein S (alpha) 67
57 62655863 M6PR domain 54 123 62638555 Ribonuclease T2 (Ribonuclease 6) 113
containing protein 1
58 27527940 MASP-3 protein 55 124 62662853 | secreted frizzled-related protein 1 114
(25244444) | (mannan-binding lectin
serine peptidase 1,
MASP 1/3)
59 127076 Matrix Gla-protein 56 125 secreted frizzled-related protein 4 115
MGP) 16758312
60 62651656 matrix metalloproteinase 57 126 62646703 Semaphorin 3C 116
19
61 27672001 microfibrillar-associated 58 127 50811823 Spinal cord injury-related protein 117
protein 4 10 (SCIRP10-related protein);
Neuron-derived neurotrophic factor
62 6981200 milk fat globule-EGF 59 128 11610601 spinal-cord derived growth factor- 118
factor 8 protein B (Platelet derived growth factor
D)
63 11072106 nucleobindin 2 60 129 11560026 | stanniocalcin 2 119
(14549433)
64 62644339 Olfactomedin-like 3 61 130 62657881 steroid-sensitive protein 1 (Urb 120
protein)
65 1871124 osteopontin (secreted 62 131 62648889 | talin 121
(205860) phosphoprotein 1)
66 62646367 | Phospholipid transfer 63 132 30385204 | Tumor protein, translationally- 122
protein (34877064, | controlled 1 (Lens epithelial
62658399) [ protein)
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Figure 9

Table 5: Rat Adipocytokines Regulated by Insulin Resistance

Gene ID Identified Protein HGHIYLG  PUG/LG
51858619 Lipoprotein lipase 6.0(1), 1.6(2) 2.0(1), 1.6(2)
27721871 Tetranectin 5.3(1),2.5(2) 3.0(1),1.5(2)
13928716 Serine protease inhibitor 2¢ 3.0(1),2.4(2) 1.7(1), 1.5(2)
11464979 Tissue inhibitor of metalloproteinase 2 1.6(1), 1.7(2) 2.0(1), 1.6(2)
62640996 Spondin 1 [3/0](1), 1.5(2) [5/0](1)
62661377 Cathepsin B 1.9(1), 1.5(2) 3.3(1)
21307593 Adiponectin (Acrp30) 1.5(1), 1.7(2) 2.0(2)
27465565 Niemann Pick type C2 (secretory protein 1) 1.7(1) 2.0(1),2.0(2)
51854227 Gelsolin 3.0(1) 2.5(1)
394739 Epididymal secretory superoxide dismutase 2.0(1) 2.0(1)
28570180 Complement component 6 6.0(2) 3.0(2)
4558458 Glycoprotein-39, chitinase 3 like 1 2.8(2) 3.0(2)
1041904 Protein S 2.6(2) 2.0(2)
6970046 Ceruloplasmin 2.3(2) 2.0(2)
27527940 Mannan-binding lectin serine peptidase ‘ 2.0(2) 1.5(2)
(MASP-3)

LG/(HG+D) LG/PUG

13786142  Slit homolog 3 [7/0)(1), 2.2(2) 3.5(1), 1.6(2)

24210470 Fibulin-2 isoform a [12/0](1), 1.8(2) 3.0(1)

19173736 Retinoid-inducible serine 3.5(1),2.0(2) 2.0(2)
carboxypeptidase 1

16758644 Thioredoxin 2.0(1) [4/0](1), 1.5(2)

51859442 Protease, serine, 11 2.0(1) 4.0(1)

Shown in (HG+I)/LG and PUG/LG are the ratios of the average number of unique peptides
from each condition. (1) refers to LC-MS/MS shotgun analysis and (2) referes to 2D-LC-
MS/MS analysis; when no peptides were detected under a given condition the total number of

unique peptides assigned to the protein are shown in brackets [ ].
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Figure 10

Table 6: Sites of N-linked Glycosylation in Rodent Adipocytokines

3T3-L1 and F442A Columnl Column2
Immortalized
Adipocytokines
Gene ID Proteins N-linked Peptides
6753484 (pro)collagen, type | (-()N@FTAADWGHSR
VI, alpha 1
6753484 (pro)collagen, type | (RIGEDGPPGN@GTEGFPGFPGYPGNR
VI, alpha 1
34328185 (pro)saposin (-)TN@SSFIQGFVDHVKEDCDR
34328185 (pro)saposin (- TVVTEAGNLLKDN@ATQEEILHYLEK
34328185 (pro)saposin (-)LVLYLEHNLEKN@STKEEILAALEK
34328185 (pro)saposin (-)DN@ATQEEILHYLEK
34328185 (pro)saposin (-)FSELIVNN@ATEELLVK
34328185 (pro)saposin (- )N@STKEEILAALEK
7304867 adipsin (-)LSON@ASLGPHVR
(Complement
factor D)
7304867 adipsin (-)LSQN@ASLGPHVRPLPLQYEDK
(Complement
factor D)
6753558 cathepsin L (-)AEFAVAN@DTGFVDIPQQEK
51767794 chondroitin sulfate | (-)FEN@QTCFPLPDSR
proteoglycan 2
(Versican)
51705198 collagen VI, alpha- | (-)JQLINALQIN@NTAVGHALVLPAR
3 polypeptide
51705198 collagen VI, alpha- | (RIALN@GSALYTGSSLDFVR
3 polypeptide
6679439 cyclophilin A (-HTGPGILSMANAGPNTN@GSQFFICTAK
(peptidylprolyl
isomerase A)
6681143 decorin ()ISDTN@ITAIPQGLPTSLTEVHLDGNK
31982800 extracellular (AILDQACGTDN@OTYASSCHLFATK
matrix protein 2;
SPARC-like 1
(mast9, hevin)
31560699 follistatin-like 1 (-)GSN@YSEILDK
8850219 haptoglobin (- N@LTSPVGVQPILNEHTFCAGLTK
8850219 haptoglobin (-)NLFLN@HSETASAK
8850219 haptoglobin (-)VVLHPN@HSVVDIGLIK
8850219 haptoglobin (-)CVVHYEN@STVPEKK
23956086 hemopexin (-)SLGPNTCSSN@GSSLYFIHGPNLYCYSSIDK
23956086 hemopexin (-ISWSTVGN@CTAALR
6680397 interleukin 12b; (-)CEAPN@YSGRFTCSWLVQRNMDLKFNIK
IL-12 p40
31791057 laminin B2 () TLAGEN@QTALEIEELNR

US 2010/0190686 A1
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Figure 10 (cont.)
31791057 laminin B2 (-)LORVN@SSLHSQISR
6755144 lectin, galactoside- | (-)\GLN@LTEDTYKPR
binding, soluble, 3
binding protein
(galectin 3)
6755144 lectin, galactoside- | (-)APIPTALDTN@SSK
binding, soluble, 3
binding protein
(galectin 3)
6755144 lectin, galactoside- | (-JALGYEN@ATQALGR
binding, soluble, 3
binding protein
(galectin 3)
6678710 lipoprotein lipase | (-(YTPEDTAEDTCHLIPGLADSVSNCHFN@HSSK
6754854 nidogen 1 (entactin | ()CVAN@YTGNGR
1)
6679182 orosomucoid 1 (-)ESQTIGDQCVYN@STHLGFQR
6678077 osteonectin; (-)VCSNDN@KTFDSSCHFFATK
SPARC
12963609 quiescin Q6 CN@GSGATLPGAGANVQTLR
31982755 vimentin (-)QDVDN@ASLAR
31982755 vimentin (-)OVOSLTCEVDALKGTN@ESLER
Rat Primary
Adipocytokines
Gene ID Proteins N-linked Peptides
5305687 (pro)collagen, (-)ASQN@ITYHCK
alpha-2(I)
56711254 (pro)collagen, type | (A\GEN@GSPGAPGAPGHPGPPGPVGPSGK
111, alpha 1
56711254 (pro)collagen, type | (-)\GDRGEN@GSPGAPGAPGHPGPPGPVGPSGK
I11, alpha 1
38512144 (pro)saposin (OTVVTEAGNLLKDN@ATEEEILHYLEK
38512144 (pro)saposin (- )LSELIINN@ATEELLIK
34862337 adipsin (-)LSHN@ASLGPHVRPLPLQR
(Complement
factor D)
34862337 adipsin (-)LSHN@ASLGPHVR
(Complement
factor D)
8392983 biglycan (-)LLQVVYLHSNN@ITK
8392983 biglycan (OMIEN@GSLSFLPTLR
38648869 cathepsin L (-)AEYAVAN@DTGFVDIPQQEK
62642714 chondroitin sulfate | (-)FEN@QTCFPLPDSR
proteoglycan 2
(Versican)
11127974 Clusterin; Clu (-)QELN@DSLQVAER
protein
38181879 Clusterin; Clu (OHN@STGCLK




Patent Application Publication

Jul. 29,2010 Sheet 14 of 15

Figure 10 (cont.)
protein
62665833 collagen, type VI, | (-)GEDGPPGN@GTEGFPGFPGYPGNR
alphal
62665833 collagen, type VI, | (-()N@FTAADWGHSR
alphal
20302095 complement -
component 1, s YTCGVN@CSGDVFTALIGEIASPNYPNPYPENSR
subcomponent :
38303991 complement (-
component 1, s JTCGVN@CSGDVFTALIGEIASPNYPNPYPENSR
subcomponent
25244377 complement (-)LGSYPVGGN@LSFECEHGFTLR
component C2
54020664 decorin () YVQVVYLHNNN@ISEVGQHDFCLPSYQTR
54020664 decorin (-)LGLSFNSITVVEN@GSLANVPHLR
54020664 decorin (ISDTN@ITAIPQGLPTSISELHLDGNK
13929178 fibrillin 1 () AWGTPCELCPPVN@TSEYK
9506703 fibronectin 1 (-)DQCIVDDITYNVN@DTFHK
62652879 Fibulin-1 (-)NCQDIDECVTGIHN@CSIN@ETCFNIQGSFR
(Basement-
membrane protein
90) . i
13242265 follistatin-like 1 (-)GSN@YSEILDK
13242265 follistatin-like 1 (-)GSN@YSEILDKYFK
25006237 GM2 activator (-)EGTYSLPSSN@FTVPDLELPSWLSTGNYR
protein
6981590 interleukin 1 (- ITCPTIALYN@WTAPVQWFK
receptor-like 1
62666140 Laminin alpha-4 (-
chain JLSN@LSNLSHDLVQEAVDHAYNLQQEANELSR
62650567 laminin B1 -
(Laminin beta 3) JQADEDIQGTQNLLTSIESETAASEETLTN@ASQR
62650567 laminin B1 (-)SN@STAGELDALQAEAGSLDK
(Laminin beta 3)
62650567 laminin B1 (-)VN@ASTTDPNSTVEQSALTR
(Laminin beta 3)
62659497 laminin, gamma 1 | (1) TAN@ETSAEAYNLLLR
62659497 laminin, gamma 1 | ()TLAGEN@QTALEIEELNR
62638338 laminin-2 alpha2 (-)VCN@CSTVGSLSSQCNINTGQCSCHPK
chain
20806135 lectin, galactoside- | (-)ALGYEN@ATQALSR
binding, soluble, 3
binding protein
(galectin 3)
13591983 lumican (-)KLHINYNN@LTESVGPLPK
13591983 lumican (-)LGSFDGLVN@LTFIYLQHNQLK
13591983 lumican ()LHINYNN@LTESVGPLPK
13591983 lumican (-)AFEN@VTDLQWLILDHNLLENSK
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Figure 10 (cont.)
13591983 lumican (- )LSHNELADSGVPGNSFN@ISSLLELDLSYNK
49256641 matrix (-)GYPKPLTSLGLPPDVQQVDAAFN@WSK
metalloproteinase
2 (collagenase,
type IV)
1174697 Metalloproteinase | (-)GFDAVGN@ATGFR
inhibitor 1
precursor (TIMP-
1)
1174697 Metalloproteinase | (-)SQN@RSEEFLIAGR
inhibitor 1
precursor (TIMP-
1)
62644339 Olfactomedin-like | (-()IYVLDGTQN@DTAFVFPR
3
2196884 osteonectin; (-)VCSNDN@KTFDSSCHFFATK
SPARC
16758312 secreted frizzled- (-)DDCEPLMKMYN@HSWPESLACDELPVYDR
related protein 4
3309591 versican V3 (- FEN@QTCFPLPDSR
isoform

@ indicates the site of N-linked glycosylation
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NOVEL SECRETED PROTEINS OF
ADIPOCYTES FOR DIAGNOSTIC PURPOSES

RELATED APPLICATIONS

[0001] This application claims the benefit of priority of
provisional patent application Ser. No. U.S. 60/936,926, filed
Jun. 22, 2007, which application is incorporated by reference
in its entirety herein.

FIELD OF THE INVENTION

[0002] The present invention relates to the discovery of
polypeptide biomarkers excreted into the blood stream (se-
rum or plasma) and/or urine from adipocytes and their use to
determine the existence of prediabetic (metabolic syndrome)
and/or diabetic conditions including insulin resistance and/or
glucose intolerance, their use to monitor the state of a predia-
betic condition or diabetes toward a state of control and/or
cure of the disease state or condition and their use to monitor
the long-term health of the patient by determining the exist-
ence of prediabetic conditions (insulin resistance and/or glu-
cose intolerance) or the existence of diabetes and to identify
potential antidiabetes agents.

[0003] Inthe present invention, secreted proteins from adi-
pocytes (fat) whose expression is changed upon a shift from
insulin responsive to insulin resistant (the hallmark of type I1
diabetes) conditions were elucidated by using a combination
of cell culture conditions and high throughput, high sensitiv-
ity chromatography and mass spectrometry. As approxi-
mately a ¥4 of the US adult population is poorly-defined as
prediabetic (metabolic syndrome) but only V4 of these will
develop type II diabetes, these markers could be used to
diagnose the development of type II diabetes (hopefully,
before it is irreversible) as well as the complications that arise
from insulin resistance such as heart, kidney, macrovascular,
microvascular, and retinal degeneration disease. Further-
more, agonist and or antagonist agents of these secreted pro-
teins could be used as possibly therapies for the previously
listed diseases as well as modulating obesity, eating behavior,
and inflammation.

BACKGROUND OF THE INVENTION

[0004] Type II diabetes affects more than 7% of the Ameri-
can adult population. Chronic hyperglycemia is the hallmark
of all types of diabetes. In type II diabetes, insulin resistance
is a primary, early feature and along with “glucose toxicity” is
likely responsible for the plethora of observed patient com-
plications such as cardiovascular disease, blindness, and kid-
ney disease (ref). Insulin resistance results in defects in a
multitude of systems including pancreatic 3-cells, the liver,
and peripheral insulin-responsive tissues (adipocytes and
skeletal muscle) (ref). Insulin normally regulates a variety of
processes such as glucose uptake, glycogen synthesis, trig-
lyceride synthesis, lipolysis, gluconeogenesis, apoptosis, cell
growth, differentiation, and adipocytokine (adipokine) secre-
tion.

[0005] Tt has been suggested that insulin resistance is an
adaptation to nutrient excess and lack of energy expenditure.
Increased flux through the hexosamine biosynthetic pathway
(HBP) that converts fructose-6-phosphate (a glycolysis inter-
mediate) to UDP-GlcNAc (a donor sugar nucleotide) has
been heavily implicated in the induction of insulin resistance.
UDP-GleNAc serves as a donor for glycosylation including
the O-GlcNAc modifcation of nuclear and cytosolic proteins.
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Elevation in global O-GlcNAc modification of proteins has
been directly demonstrated to generate insulin resistance and
glucose disposal defects in adipocytes and muscle cells in
culture as well as in rodent models.

[0006] In the last decade, it has become apparent that adi-
pose tissue, in addition to being an energy storage depot, is an
endocrine tissue. In addition to the free fatty acids secreted by
adipocytes, a number of adipocyte secreted proteins, adipo-
cytokines, can act in an autocrine, paracrine, or endocrine
fashion to modulate a variety of processes including insulin
sensitivity, inflammation, obesity, hypertension, food intake
(anorexigenic and orexigenic), and general energy homeosta-
sis. Adipocytokine secretion has been implicated in a variety
of the complications associated with type II diabetes.

[0007] A few groups have sought to define the secreted
proteome of adipocytes by a variety of approaches. Most of
the studies that focused on differential protein expression
compared pre-adipocytes to differentiated adipocytes. Secre-
tion of many adipocytokines in mature adipocytes appears to
be regulated by insulin stimulation and glucose levels (ref). In
at least two cases, for leptin and adiponectin, transcriptional
regulation of the adipocytokines is regulated by the hex-
osamine biosynthetic pathway. Furthermore, mice with
elevated O-GlcNAc levels display hyperleptinemia.

[0008] Inorderto more completely define the repertoire of
adipocytokines, we report here a detailed proteomic analysis
of the secreted proteome of rodent adipocytes (both immor-
talized mouse and primary rodent derived) using a combina-
tion of shotgun proteomics, glycosylation site mapping, and
2D-reverse phase separations that allowed us to assign more
than two hundred secreted polypeptides with high confi-
dence. We also demonstrate via quantitative proteomics that
many of the secreted proteins that are regulated by classical
induction of insulin resistance (hyperglycemia and chronic
insulin exposure) are regulated in a similar fashion by
elevated O-GlcNAc level-induced insulin resistance.

[0009] There exists a need in the art for a simple, reliable
diagnostic test for use in determining the existence of a pre-
diabetic or diabetic condition in a patient in need. There is a
further need for a reliable diagnostic test for use in determin-
ing whether a prediabetic condition has worsened into a dia-
betic condition. There is still a further need for a simple,
reliable diagnostic test for monitoring the progression of the
therapy of diabetes. There is an additional need for a simple,
reliable diagnostic test for monitoring the cure/status of a
prediabetic (metabolic syndrome) condition or diabetes in a
treated patient.

OBJECTS OF THE INVENTION

[0010] Ttisanobjectofthe invention to provide methods for
diagnosing metabolic syndrome and/or type 2 diabetes using
simple tests which identify concentrations (amounts) of
polypeptide markers of these disease states or conditions.
[0011] Itis another object of the invention to provide meth-
ods for monitoring treatment of metabolic syndrome and/or
type 2 diabetes using a simple blood (blood, plasma, serum)
or urine test.

[0012] Tt is an additional object of the invention to provide
assays which can be used to test for activity as pharmacologi-
cal agents which may be used to treat metabolic syndrome
and/or type 2 diabetes.
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[0013] Any one or more of these and/or other objects of the
invention may be readily gleaned from a careful reading of the
description of the invention presented herein.

BRIEF DESCRIPTION OF THE FIGURES

[0014] FIG. 1 shows that O-GIcNAc Levels are elevated
under insulin resistant conditions. 3T3-L1 adipocytes (A) or
rat primary adipocytes (B) were maintained in an insulin
responsive growth condition (low (physiological) glucose,
L.G) or grown under insulin responsive conditions (either
high glucose and chronic insulin exposure (HG+INS) or
treated with PUGNAc (PUG)). Equal amounts of proteins
from whole-cell extracts were separated by SDS-PAGE and
Western blotting performed using the anti-O-GlcNAc anti-
body RL-2. ERK-2 western blotting was performed as well to
demonstrate equal loading.

[0015] FIG. 2 shows a schematic diagram of an experimen-
tal approach. Adipocytokines are harvested from adipocytes
that are insulin responsive (LG, low glucose) or that have
been shifted to an insulin resistant state by the addition of
PUGNACc to elevate O-GlcNAc levels or by the combination
of hyperglycemia (HG) and hyperinsulinemia (INS).

[0016] FIG. 3 shows assigning the secreted proteome of
adipocytes. Following tryptic digest, the secreted proteome is
analyzed by shotgun proteomics and off-line HPLC separa-
tion into 5 fractions each followed by LC-MS/MS.

[0017] FIG. 4 shows differential secretion of adipocytok-
ines as determined by reconstructed ion chromatograms. A
peptide from serine protease inhibitor 2C (A) or tetranectin
(B) that was isolated and reconstructed from the secreted
proteome of rat adipocytes is shown from two different bio-
logical replicates and three different culturing conditions.
Reconstructed ion chromatograms for both peptides clearly
shown an upregulation when the adipocytes are shifted from
insulin responsive conditions (LG, normalized to 1.00) to
insulin resistant conditions (HG+INS and LG+PUG).

[0018] FIG. 5 shows Table 1, which shows the calculation
of false-discovery rates which is described in the examples
section of the present application.

[0019] FIG. 6 shows Table 2, which lists novel secreted
proteins from immortalized mouse adipocytes.

[0020] FIG. 7 shows Table 3, which shows mouse adipocy-
tokines regulated by insulin resistance. In the table, shown in
(HG+1)/LG and PUG/LG are the ratios of the average unique
peptides from each secreted proteome for a particular sample.
(L) refers to 3T3-L1, (F) refers to 3T3-F442A; when no
peptides were detected under a given condition the total num-
ber of unique peptides assigned to the protein are shown in
brackets [ ].

[0021] FIG. 8 shows Table 4, which shows novel secreted
proteins from primary rat adipocytes identified in the
examples section.

[0022] FIG. 9 shows Table 5, which shows rat adipocytok-
ines regulated by insulin resistance which were identified in
the examples section. In the table, shown in (HG+I)/LG and
PUG/LG are the ratios of the average number of unique
peptides from each condition. (1) refers to LC-MS/MS shot-
gun analysis and (2) referes to 2D-LC-MS/MS analysis;
when no peptides were detected under a given condition the
total number of unique peptides assigned to the protein are
shown in brackets [ ].
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[0023] FIG. 10 shows Table 6, which shows the sites of
N-linked glycosylation in rodent adipocytokines.

BRIEF DESCRIPTION OF THE INVENTION

[0024] The present invention evaluates polypeptide biom-
arkers of adipocytes to determine the level of glucose intol-
erance and/or insulin resistance as well as the existence of a
prediabetic (metabolic syndrome) or diabetic condition,
including type II diabetes. The present invention provides a
method of determining the existence of prediabetes and dia-
betes (especially type 2 diabetes) and the therapeutic prog-
nosis for that condition and predicting therapeutic outcome of
a patient by analyzing the expression of unglycosylated and/
or glycosylated polypeptide biomarkers obtained from the
serum, plasma or urine of a patient or subject. The method
comprises the steps of first establishing the threshold value (a
predetermined value) of at least one prognostic polypeptide
biomarker of an adipocyte under normal, prediabetic or dia-
betic condition, preferably at least two prognostic polypep-
tide biomarkers, at least three prognostic polypeptide biom-
arkers, at least four prognostic biomarkers, at least five
prognostic biomarkers or preferably, at least six prognostic
polypeptides (in a human patient), as many as ten, as many as
15, as many as 20, and as many as 22 or more prognostic
polypeptides in a human patient or in an animal (veterinary
indications). The amount of the prognostic polypeptide(s)
from a patient is determined. The amount of the prognostic
polypeptide(s) present in that patient’s serum is compared
with the established threshold (predetermined) value of the
prognostic polypeptide biomarker from control sera which is
indicative of a prediabetic (metabolic syndrome) or diabetic
condition, the prospects of a therapeutic success or failure, the
monitoring of treatment, or the existence of continued diabe-
tes in a patient whereby the existence of a condition or out-
come of the patient is determined. In many (most) instances,
upregulation (i.e., expression of significantly more than a
threshold or standard-predetermined value) of one or more
prognostic biomarkers is indicative of metabolic syndrome
and/or type 2 diabetes. In others, down regulation (i.e.,
expression of significantly less than a threshold or stan-
dard—a predetermined value) is indicative of metabolic syn-
drome and/or type 2 diabetes.

[0025] In certain embodiments, the amount or concentra-
tion of the prognostic polypeptide(s) can be based on anti-
body detection, for example, monoclonal antibody detection
or determining and identifying glycosyl residues on biomar-
ker polypeptides using art recognized methods of identifying
and measuring same. In a number of embodiments, the evalu-
ating is of at least one prognostic polypeptide, preferably a
plurality of prognostic polypeptides, preferably at least three
prognostic polypeptides, and more preferably at least five or
more polypeptides as otherwise described herein, including
as many as 22 or more polypeptides (biomarkers). The prog-
nosis contributes to identification of metabolic syndrome or
type 2 diabetes (preferably, type 2 diabetes) and the selection
of a therapeutic strategy consistent with the identification of
metabolic syndrome or type 2 diabetes, which may be tradi-
tional therapy (nutrition and/or exercise), or a more aggres-
sive therapy (antidiabetes medications, medications to
address secondary conditions such as hyperlipidemia, hyper-
cholesterolemia, high blood pressure, etc.) based upon a tra-
ditional therapy or non-traditional (including experimental)
therapy.



US 2010/0190686 Al

[0026] The present invention is directed to methods for
outcome prediction and risk classification in prediabetic con-
ditions (metabolic syndrome) and diabetes (especially type 2
diabetes). In one embodiment, the invention provides a
method for classifying the existence and severity of a predia-
betic or diabetic condition (including type 2 diabetes) in a
patient that includes obtaining a biological sample from a
patient; determining the expression level for a selected
polypeptide(s) in the blood, serum, plasma or urine of a
patient suspected of being prediabetic or having diabetes,
more preferably a group of selected biomarker polypeptides
to yield an observed polypeptide(s) production level (ob-
served level); and comparing the observed level for the
selected polypeptide(s) to control polypeptide levels. The
control level can be the concentration observed for the
polypeptide(s) in a control sample (which may be a normal
control, a prediabetic/metabolic syndrome control or a dia-
betic control), or a predetermined level for the polypeptide
marker. An observed blood/serum/plasma/urine polypeptide
level (generally higher, but in certain instances, lower as
indicated further herein) that differs from the control
polypeptide level (in that same biological sample) is indica-
tive of a disease or condition classification. In another aspect,
the method can include determining a profile for selected
polypeptide products in the biological sample to yield an
observed polypeptide profile; and comparing the observed
polypeptide profile for the selected polypeptide(s) to a control
polypeptide profile for the selected polypeptides that corre-
lates with a disease classification, for example type 2 diabe-
tes, metabolic syndrome, insulin resistance, glucose intoler-
ance, among others, wherein a similarity between the
observed polypeptide profile and the control polypeptide pro-
file is indicative of the disease or condition classification.
Therapeutic or other remedial steps may thereafter be taken
for the patient consistent with the diagnosis and the present
method may be used to assess the treatment and define a cure
or favorable treatment outcome, where relevant.

[0027] The disease classification can be, for example, a
classification based upon disease state, based on predicted
outcome (control or cure of diabetes, increase in glucose
tolerance, reduction in insulin resistance); a classification
based upon clinical characteristics of patients, a classification
based on karyotype; a classification based on precondition or
condition subtype; or a classification based on disease etiol-
ogy.

[0028] Where the classification is based upon disease, in
particular, the existence of metabolic syndrome or type 2
diabetes, the observed blood, serum, plasma or urine gene
product (polypeptide) is preferably a gene product/biomarker
selected from at least one, preferably at least two, at least
three, at least four, at least five, at least six, at least seven, at
least eight at least nine, at least ten, at least eleven, at least
twelve, at least thirteen, at least fourteen, at least fifteen, at
least sixteen, at least seventeen, at least eighteen, at least
nineteen, at least twenty, at least twenty-one, at least twenty-
two or more gene products selected from the following gene
products as set forth in Table 1A, hereinbelow.

[0029] The present invention may also be used to assist in
the detection/diagnosis and/or therapy of various conditions
or disease states which are found secondary to metabolic
syndrome or type 2 diabetes including, for example, obesity,
cardiovascular disease including atherosclerosis and hyper-
tension, pancreatic cancer, retinopathy, renal disease, erectile
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dysfunction, dental disease, ketoacidosis, depression and
neuropathy, among a number of others.

[0030] In the present method, the existence of expression
levels of one or more of the described gene products is pre-
dictive of the existence of a condition of metabolic syndrome
(e.g., insulin resistance and/or glucose intolerance, etc.) or
type 2 diabetes. In the present invention, measuring concen-
tration of gene products/biomarkers will result in assessing
the existence and recommended therapy for treating the diag-
nosed condition or disease state.

[0031] In the case of determining whether a therapeutic
intervention is providing favorable results (favorable progres-
sion) in reducing or and/or curing the prediabetic (metabolic
syndrome) or diabetic disease state in the patient, one or more
gene products from Table 1A may be used to provide a
polypeptide level as indicated above, which may be compared
to the expression level of the expressed product in a control
tissue sample (which may be normal or not), wherein a level
of expression in the sample obtained from blood, serum,
plasma or urine of the treated patient which is below or above
an elevated control or approaching or equivalent to a normal
control, evidences favorable therapeutic progression and/or
cure of the condition or disease state. Thus, where the expres-
sion level (concentration measured) of a polypeptide marker
is above or below a control level (for a control group without
metabolic syndrome or type 2 diabetes) when the patient is
typically diagnosed with or has metabolic syndrome or type 2
diabetes, the expression level (concentration measured) of the
same polypeptide marker which is at a control level or below
or above the control level, respectively, is evidence of thera-
peutic progress or a cure.

[0032] Inan alternative embodiment, the present invention
may be used to determine the existence of metabolic syn-
drome or a diabetic disease state, by measuring in the blood,
serum, plasma or urine of a subject or patient the expression
of at least one expression product identified in Table 1A,
hereinbelow, wherein the increased or decreased expression
(generally, the significant measured expression is at least
about 1.1 (110%), 1.2 (120%), 1.3 (130%), 1.4 (140%), pref-
erably at leastabout 1.5 (150%), at least about 2 times (200%)
or at least 3 times (300%) above or below, as appropriate, the
baseline of control) of one or more of the expression products
as set forth in Table 1A hereof is evidence of the existence of
a diabetic condition such as insulin resistance and/or glucose
intolerance (metabolic syndrome), or the existence of diabe-
tes (especially type 2 diabetes). Treatment (dietary, exercise,
pharmaceutical) intervention as otherwise disclosed herein
may thereafter be considered.

[0033] Alternatively, the invention may rely on measuring
the previous polypeptide markers as indicated within a longer
list according to Table 1A of up to 22 or more polypeptide
biomarkers as otherwise described herein. Measurement of
all 22 biomarkers (or more, for example as otherwise pro-
vided in the examples section herein) may also be performed
to provide an accurate assessment of the type of tissue (nor-
mal, prediabetic or diabetic), whether the condition or disease
state is in the early or more advanced stages and the likelihood
that the condition or disease state will respond to therapeutic
intervention, whether that intervention is nutritional, physical
(exercise), pharmaceutical or perhaps even surgical (e.g., gas-
tric bypass surgery).

[0034] The invention further provides for a method for
predicting therapeutic outcome in a patient that includes
obtaining a biological sample from a patient in the form of a
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blood (or urine) sample; determining the concentration level
for selected polypeptide biomarkers associated with outcome
in said sample to yield an observed polypeptide level of the
selected polypeptide(s); and comparing the observed concen-
tration level for the selected polypeptide(s) in the patient’s
sample to a control concentration level for the selected
polypeptide(s). The control level for the selected polypeptide
(s) can include the concentration level for the selected
polypeptide(s) observed in a control sample, or a predeter-
mined concentration level for the selected polypeptide(s);
wherein an observed level that is different from (significantly
above or below) the control level for the selected polypeptide
(s) is indicative of favorable (or unfavorable) intervention or
therapeutic outcome.

[0035] Optionally, the method further comprises determin-
ing the concentration level for other polypeptide(s) within the
list of polypeptide(s) and comparing in a similar fashion the
observed levels for the selected polypeptide(s) with a control
level for those polypeptide(s), wherein an observed level for
these polypeptide(s) that is different from (above or below)
the control level for that polypeptide(s) is further indicative of
favorable (or unfavorable) intervention or therapeutic out-
come.

[0036] The invention further includes a method for treating
metabolic syndrome or type 2 diabetes comprising adminis-
tering to a patient with metabolic syndrome or diabetes a
therapeutic agent which is used to treat or alleviate one or of
the secondary conditions associated with metabolic syn-
drome or diabetes or alternative, that modulates the amount or
activity of the polypeptide(s) associated with outcome, in
particular, one or more of the biomarker proteins which are
presented in Table 1 herein. In the present method, the exist-
ence of concentration levels of one or more of the polypep-
tides is predictive of the existence of a prediabetic condition
(metabolic syndrome) and/or diabetes and the inhibition (or,
in certain instances, the raising of levels, depending upon the
polypeptide measured) of any one or more of these polypep-
tides represents a potential therapeutic target for the preven-
tion (reducing the likelihood) or treatment of diabetes (espe-
cially type 2 diabetes). Preferably, the method modulates
(inhibits, or in certain instances, raises the levels depending
on outcome) at least two of the above polypeptides as set forth
above to a level above or below a predetermined expression
level. It is noted that further accuracy may be afforded by also
measuring a number of other polypeptides selected from the
group consisting of those set forth in Table I hereinbelow.
Monitoring of therapies which are non-pharmaceutical (nu-
trition, exercise) are additional aspects of the present inven-
tion.

[0037] Also provided by the invention is an in vitro method
for screening a compound useful for treating prediabetic con-
ditions (metabolic syndrome) and/or preventing (i.e., reduc-
ing the likelihood) metabolic syndrome and/or diabetes (es-
pecially type II diabetes). This aspect of the invention further
provides an in vivo method for evaluating a compound foruse
in preventing or treating prediabetic conditions and/or diabe-
tes. The candidate compounds are evaluated for their effecton
the concentration of one or more polypeptides associated
with outcome in diabetes or related conditions as described
above, preferably at least two of those polypeptides, more
preferably at least three of those polypeptides, four of those
polypeptides, five, six, seven, eight, nine, ten, eleven, twelve,
thirteen, fourteen, fifteen, sixteen, seventeen, eighteen, nine-
teen, twenty, tweny-one, twenty-two or more of those gene
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products as otherwise described herein. Cells may be engi-
neered to overexpress or underexpress any one or more of the
gene products associated with metabolic syndrome and/or
type 2 diabetes as otherwise described herein using standard
techniques available in the art and the engineered cells may be
used to identify potential therapeutic agents for metabolic
syndrome and/or type 2 diabetes. A compound which is
shown to influence the expression of the gene product asso-
ciated with metabolic syndrome and/or type 2 diabetes (either
up or down, as appropriate), the compound may be identified
as a potentially therapeutically active compound.

[0038] InTable 1A, below is presented the proteins secreted
from fat cells that the present inventors identified as being
upregulated (overexpressed) or downregulated (underex-
pressed) as cells are shifted from being insulin responsive
(normal, healthy) to insulin resistant (type 11 diabetic-like).
The development of a diagnostic test kit for determining the
likelihood of the development of diabetes is an aspect of the
present invention. This diagnostic test relates to a multiplexed
kit to detect at one, preferably at least two, preferably at least
three (3), and preferably more, including 4, 5, 6,7, 8,9, 10, 11,
12, 13, 14, 1, 16, 17, 18, 19, 20, 21, 22 or or more of these
proteins and other proteins in patient biological samples.

[0039] The concept is that these proteins are detected first
in the blood, serum, plasms or urine from diabetics and non-
diabetics. The retrospective study is based upon blood stored
for 20 years, and the method involves using blood samples
from diagnosed type 2 diabetics (and matched controls) 6
months, 1 year, 2 year, etc. before diagnosis of type 2 diabetes
to see how early one can detect any one or more these pro-
teins. The present invention also relates to a method to detect
insulin resistance and/or glucose intolerance and a develop-
ment towards type 2 diabetes while the condition is still
reversible or at least at a point where one can start treating the
patient to improve outcome.

[0040] The present method relates to measuring the con-
centration or amount of a polypeptide in biological sample
(blood, serum, plasma or urine) taken from a patient and
determining whether or not a patient has metabolic syndrome
and/or type 2 diabetes from the expression of the polypeptide
(s), wherein the polypeptide is selected from the group con-
sisting of at least one polypeptide which is upregulated in
patients having metabolic syndrome and/or type 2 diabetes
selected from the group consisting of Lipoprotein lipase
(LPL); Quiescin Q6; Cathepsin B; Complement Component
6; Hippocampal Cholinergic Neurostimulating Protein
(HCNP); Serine Protease Inhibitor 2C; Adiponectin
(ACRP30); Angiotensin (Angiotensinogen); Cyclophilin A
(Peptidylprolylisomerase A); Laminin B1 subunit 1 (laminin,
beta 1 precursor); GP-39 (chitinase 3-like 1, cartilage glyco-
protein 39); MASP-3 (complement factor MASP-3); NPC2
(Niemann-Pick disease, type C2, isoform CRA_b); Tetranec-
tin; TIMP2 (tissue inhibitor of metalloproteinase 2; TIMP-2);
Superoxide dismutase, secreted (Superoxide dismutase 3,
Extracellular);and Spondin 1 (spondin 1, extracellular matrix
protein); or at least one polypeptide polypeptide which is
downregulated in patients having metabolic syndrome and/or
type 2 diabetes selected from the group consisting of matrix
metalloproteinase 2 (MMP2, collagenase, type IV; gelatinase
A); Slit homolog 3; Retinoid-inducible serine carboxypepti-
dase 1 (Serine carboxypeptidase 1); HtrA serine peptidase 1
(HtrA serine peptidase 1 precursor); and Fibrinogen/angio-
tension related protein; comparing the concentration or
amount of the measured polypeptide(s) with a threshold or
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standard value such that a diagnosis of metabolic syndrome or
type 2 diabetes may be made. It is noted that once it is
determined from the polypeptide measurement that the
patient has metabolic syndrome or type 2 diabetes, further
diagnosis consistent with a diagnosis of metabolic syndrome
or type 2 diabetes may be made.

[0041] In various aspects of the method of the present
invention at least one, at least two, at least three, at least four,
at least five, at least six, at least seven, at least eight, at least
nine, at least ten, at least eleven, at least twelve, at least
thirteen, at least fourteen, at least fifteen, at least sixteen, at
least seventeen, at least eighteen, at least nineteen, at least
twenty, at least twenty-one, at least twenty-two of the above-
referenced polypeptides are measured and a diagnosis is
made based upon the upregulation or downregulation of the
polypeptide(s) as measured and compared with a standard or
threshold value. Metabolic syndrome may be diagnosed if the
assay measures any number of polypeptides as described
above and all of the polypeptides exhibit upregulation or
downregulation compared to a threshold or standard value
which is consistent with metabolic syndrome or type 2 dia-
betes. In addition, in the present invention, when at least four
polypeptides described above are measured and wherein at
least half of the measured polypeptides exhibit upregulation
or downregulation (as appropriate) when compared to a
threshold or standard measurement, a diagnosis of metabolic
syndrome or type 2 diabetes may be made. Once a diagnosis
of' metabolic syndrome and/or type 2 diabetes is made; appro-
priate therapeutic intervention is then recommended, as oth-
erwise described herein.

[0042] In preferred aspects of the present invention the
method (preferably, as a diagnostic assay) measures at least
one (upregulated) polypeptide in a biological sample taken
from a patient to be diagnosed wherein the polypeptide is
selected from at least one polypeptide from the group con-
sisting of Lipoprotein lipase (LPL); Quiescin Q6; Cathepsin
B; Complement Component 6; Hippocampal Cholinergic
Neurostimulating Protein (HCNP); and Serine Protease
Inhibitor 2C; comparing the measurement of the polypeptide
(s) in the patient’s biological sample with a threshold or
standard value and diagnosing metabolic syndrome or type 2
diabetes if a polypeptide is upregulated compared with a
threshold or standard. In aspects of the invention, one, two,
three, four five and six polypeptides of the above polypeptides
are measured, compared with a threshold or standard and a
diagnosis of the patient is made when all the polypeptides
measured exhibit upregulation compared to the threshold or
standard value. In certain aspects of the invention, at least four
ofthe above-identified polypeptides are measured and a diag-
nosis of metabolic syndrome is made if at least half of the
measured polypeptides are upregulated when compared with
the threshold or standard.

[0043] Although any one or more polypeptides of the
twenty-two polypeptides which are described as biomarkers
may be measured for diagnostic value in the present inven-
tion, in certain preferred aspects of the invention, at least one,
two, three, four, five or six polypeptide(s) selected from the
group consisting of Lipoprotein lipase (LPL); Quiescin Q6;
Cathepsin B; Complement Component 6; Hippocampal Cho-
linergic Neurostimulating Protein (HCNP); and Serine Pro-
tease Inhibitor 2C (SPARC) is measured with at least one
additional polypeptide marker of the remaining sixteen
polypeptides (of the twenty-two polypeptides) listed.
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[0044] It is noted that as more polypeptide markers are
measured and compared to threshold or standard values, and
determined to be upregulated or downregulated (as indicative
of'metabolic syndrome or type 2 diabetes, the reliability of the
diagnosis increases.

[0045] The method of the present invention may be used to
diagnose metabolic syndrome and/or type 2 diabetes and
conditions which are indicative of the syndrome including
insulin resistance and glucose intolerance, among others
including dyslipidemia, hypercholesterolemia, high blood
pressure and risk of cardiovascular disease. The present
method may therefore provide information to a patient to
change diet and/or lifestyle, to accept pharmacological inter-
vention. In addition to diagnosing metabolic syndrome and/or
type 2 diabetes, the present method may also be used to
determine whether therapeutic intervention is having a favor-
able influence on the condition or disease state diagnosed or
whether the patient no longer has the diagnosis because there
has been a cure.

DETAILED DESCRIPTION OF THE INVENTION

[0046] Polypeptide marker profiling can provide insights
into disease etiology and genetic progression, and can also
provide tools for more comprehensive molecular diagnosis
and therapeutic targeting. In addition, the invention has iden-
tified numerous polypeptide markers, that are, alone or in
combination, strongly predictive of therapeutic outcome in
metabolic syndrome or type 2 diabetes. The polypeptides
identified herein, can be used to refine risk classification and
diagnostics, to make outcome predictions and improve prog-
nostics, and to serve as therapeutic targets in identifying novel
agents which may find pharmacological utility in treatment
metabolic syndrome and/or type 2 diabetes.

[0047] The following terms shall be used to describe the
present invention. It is noted that in describing the present
invention, in cases where a term is not specifically defined
herein, that term is given a definition which is consistent with
its use in context as determined by one of ordinary skill in the
art.

[0048] Unless otherwise specified, “a,” “an,” “the,” and “at
least one” are used interchangeably and mean one or more
than one.

[0049] The term “patient” is used throughout the specifica-
tion to describe an animal, generally a mammal such as a
domesticated animal and preferably a human, to whom diag-
nosis of a condition such as metabolic syndrome and/or type
1I diabetes and/or treatment of such a condition or disease
state, including prophylactic treatment, with the composi-
tions according to the present invention is provided. For diag-
nosis or treatment of those conditions or disease states which
are specific for a specific animal such as a human patient, the
term patient refers to that specific animal. While the use of the
present invention to treat humans represents a primary aspect
of the invention, veterinary applications are also intended.
[0050] The term “effective” is used herein, unless other-
wise indicated, to describe an amount of a compound, com-
position or component which, when used in context, produces
or effects an intended result, whether that result relates to the
diagnosis, prevention (reducing the likelihood of) and/or
treatment of metabolic syndrome and/or type Il diabetes. This
term subsumes all other effective amount or effective concen-
tration terms which are otherwise described in the present
application.
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[0051] The term “metabolic syndrome” or “prediabetes” is
used throughout the description of the present invention to
describe a constellation of conditions that place people at
high risk for coronary artery disease. These conditions
include type 2 diabetes, insulin resistance, glucose intoler-
ance, obesity, high blood pressure, and a poor lipid profile
with elevated LDL (“bad”) cholesterol, low HDL (“good”)
cholesterol, elevated triglycerides. All of these conditions are
associated with high blood insulin levels. The fundamental
defect in the metabolic syndrome is insulin resistance in both
adipose tissue and muscle. Drugs that decrease insulin resis-
tance also usually lower blood pressure and improve the lipid
profile. KD3010, an orally administered PPARS selective
agonist, may be effective in this regard. In addition, diet may
improve insulin resistance and/or glucose intolerance a vari-
ety of omega-3 fatty acids including (EPA, DHA from fish),
conjugated linoleic acid (dairy) and alpha-linolenic acid
(flaxseed) have been shown to have an impact on insulin
resistance.

[0052] Metabolic syndrome is estimated to be affecting 16
million or more people (that is in addition to the estimated 17
million people with diabetes). While the name is new, the
condition certainly is not. Metabolic syndrome was originally
referred to as impaired glucose tolerance or impaired fasting
glucose. By definition, prediabetes is a condition where one
has fasting blood sugar levels above normal (blood sugar
between 100-125 mg/dl) but the blood sugar levels are not
high enough to diagnose diabetes (fasting blood sugar above
126 mg/dl).

Prediabetes or diabetes risk increases with the following fac-
tors:

[0053] family history of diabetes,

[0054] non-European and non-Asian ethnicity,

[0055] overweight or obese,

[0056] high blood pressure

[0057] low HDL cholesterol and high triglycerides
[0058] history of gestational diabetes (diabetes during

pregnancy) or having given birth to a baby weighing

more than 9 Ibs
[0059] Those who are at risk are prime candidates for the
present invention. A diagnosis of metabolic syndrome or
impaired glucose tolerance can be met with action to prevent
or delay the onset of diabetes.
[0060] Those with metabolic syndrome or prediabetes are
more likely to be diagnosed with Type 2 diabetes in the future,
but there are preventative measures. Following a diet low in
fat and a reduction in calories, physical exercise, and weight
loss if overweight can help prevent or delay diabetes. These
preventative measures can “turn back the clock™ and return
elevated blood sugars to normal levels.
[0061] Therapeutic intervention in patients diagnosed with
metabolic syndrome (as well as type 2 diabetes) may include
therapeutic lifestyle changes (healthful eating, weight loss,
increased exercise), treatment of dyslipidemia with statins,
nicotinic acid and/or bile acid sequestrants (fibrates, includ-
ing gemfibrozil, fenofibrate), treatment of insulin resistance
with metformin, the thiazolidinediones, including troglita-
zone, pioglitazone and rosiglitazone and the treatment of
hypertension with ACE inhibitors, such as ramipril, and
angiotensin receptor blockers (ARBs), such as losartan.
Other therapeutic modalities will be used consistent with the
disease state or condition manifest in the patient diagnosed
with metabolic syndrome. Many, if not all, of the therapeutic
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approaches which are used to treat metabolic syndrome are
often effective in treating type 2 diabetes.

[0062] Metabolic syndrome is also referred to as insulin
resistance syndrome, syndrome X, dysmetabolic syndrome
X, and Reaven syndrome. The syndrome was first described
at the 1988 Banting Lecture of the annual meeting of the
American Diabetes Association. It generally represents a
condition which often is, but is not necessarily a pre-condi-
tion to type II diabetes. Approximately 25% of patients with
metabolic syndrome eventually receive a diagnosis of type 11
diabetes.

[0063] The terms “diabetes mellitus type2” “type II diabe-
tes” “noninsulin dependent diabetes melittis” “NIDDM” and
“diabetes type 2” are used interchangeably to describe a life-
long disease marked by high levels of sugar in the blood. It
occurs when the body does not respond correctly to insulin, a
hormone released by the pancreas. Type 2 diabetes is the most
common form of diabetes and often occurs after a period
during which metabolic syndrome is found in a patient.
[0064] Diabetes is caused by a problem in the way the body
makes or uses insulin. Insulin is needed to move glucose
(blood sugar) into cells, where it is used for energy. If glucose
does not get into the cells, the body cannot use it for energy.
Too much glucose will then remain in the blood, causing the
symptoms of diabetes. There are several types of diabetes; the
present invention deals with the diagnosis and treatment of
type I diabetes, which is usually accompanied by obesity and
insulin resistance. “Insulin resistance” refers to a condition
within which the insulin produced by the pancreas of a patient
cannot get inside fat and muscle cells to produce energy.
Since the cells are not getting the insulin they need, the
pancreas produces more and more. Over time, abnormally
high levels of sugar build up in the blood. This is called
hyperglycemia. Many people with insulin resistance have
hyperglycemia and high blood insulin levels at the same time.
People who are overweight have a higher risk of insulin
resistance, because fat interferes with the body’s ability to use
insulin.

[0065] Type II diabetes usually occurs gradually. Most
people with the disease are overweight at the time of diagno-
sis. However, Type II diabetes can also develop in those who
are thin, especially the elderly. Family history and genetics
play a large role in Type II diabetes. Low activity level, poor
diet, and excess body weight (especially around the waist)
significantly increase your risk for Type II diabetes.

Other risk factors include:

[0066] Race/ethnicity

[0067] Presence of metabolic syndrome

[0068] Age greater than 45 years

[0069] Previously identified impaired glucose tolerance

by your doctor
[0070] High blood pressure
[0071] HDL cholesterol of less than 35 mg/dL or triglyc-
eride level of greater than 250 mg/dL
[0072] History of gestational diabetes.
[0073] About 90-95% of all North American cases of dia-
betes are type 2, and about 20% of the population over the age
of 65 has diabetes mellitus type 2. The fraction of type 2
diabetics in other parts of the world varies substantially,
almost certainly for environmental and lifestyle reasons,
though these are not known in detail. Diabets affects over 150
million people worldwide and this number is expected to
double by 2025. There is also a strong inheritable genetic
connection in type 2 diabetes: having relatives (especially
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first degree) with type 2 diabetes increases risks of developing
type 2 diabetes very substantially. In addition, there is also a
mutation to the Islet Amyloid Polypeptide gene that results in
an earlier onset, more severe, form of diabetes. About 55
percent of type 2 diabetics are obese—chronic obesity leads
to increased insulin resistance that can develop into diabetes,
most likely because adipose tissue (especially that in the
abdomen around internal organs) is a (recently identified)
source of several chemical signals to other tissues (hormones
and cytokines). Other research shows that type 2 diabetes
causes obesity as an effect of the changes in metabolism and
other deranged cell behavior attendant on insulin resistance.
Type 2 diabetes is often associated with obesity, hyperten-
sion, elevated cholesterol (combined hyperlipidemia), and
with the condition often termed metabolic syndrome (also
known as Syndrome X, Reavan’s syndrome, or CHAOS). In
many instances type 2 diabetes is considered an advanced
stage of metabolic syndrome. Type 2 diabetes is also associ-
ated with acromegaly, Cushing’s syndrome and a number of
other endocrinological disorders. Additional factors found to
increase risk of type 2 diabetes include aging, high-fat diets
(especially high saturated fat diets) and a less active lifestyle.
[0074] Unlike Type 1 diabetes, there is little tendency
toward ketoacidosis in Type 2 diabetes, though it is not
unknown. One effect that can occur is nonketonic hypergly-
cemia. Complex and multifactorial metabolic changes lead to
damage and function impairment of many organs, most
importantly the cardiovascular system in both types. This
leads to substantially increased morbidity and mortality in
both Type 1 and Type 2 patients, but the two have quite
different origins and treatments despite the similarity in com-
plications.
[0075] Genetic factors, usually polygenic, are present in
most patients. However, environmental factors such as obe-
sity, lack of exercise and a sedentary lifestyle are thought by
most observers to lead to insulin resistance. Certainly not all
type 2 diabetics have a family history of the condition.
[0076] Insulin resistance means that body cells do not
respond appropriately when insulin is present. Other impor-
tant contributing factors:
[0077] increased hepatic glucose production (e.g., from
glycogen degradation), especially at inappropriate times
[0078] decreased insulin-mediated glucose transport in
(primarily) muscle and adipose tissues (receptor and
post-receptor defects)
[0079] impaired beta-cell function—Iloss of early phase
of insulin release in response to hyperglycemic stimuli
[0080] Cancer survivors who received allogenic
Hematopoeitic Cell Transplantation (HCT) are 3.65
times more likely to report type 2 diabetes than their
siblings. Total body irradiation (TBI) is also associated
with a higher risk of developing diabetes.
[0081] Type 2 diabetes is a more complex problem than
type 1, but is sometimes easier to treat, especially in the initial
years when insulin is often still being produced internally.
Type 2 may go unnoticed for years in a patient before diag-
nosis, since the symptoms are typically milder (no ketoaci-
dosis) and can be sporadic. However, severe complications
can result from unnoticed type 2 diabetes, including renal
failure, blindness, wounds that fail to heal, and coronary
artery disease. The onset of the disease is most common in
middle age and later life.
[0082] Type 2 diabetes (diabetes mellitus type 2) is pres-
ently of unknown etiology (i.e., origin). Diabetes mellitus
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with a known etiology, such as secondary to other diseases,
known gene defects, trauma or surgery, or the effects of drugs,
is more appropriately called secondary diabetes mellitus.
Examples include diabetes mellitus caused by hemochroma-
tosis, pancreatic insufficiency, or certain types of medications
(e.g. long-term steroid use). About 90-95% of all North
American cases of diabetes are type 2, and about 20% of the
population over the age of 65 has diabetes mellitus type 2. The
fraction of type 2 diabetics in other parts of the world varies
substantially, almost certainly for environmental and lifestyle
reasons, though these are not known in detail. There is also a
strong inheritable genetic connection in type 2 diabetes: hav-
ing relatives (especially first degree) with type 2 is a consid-
erable risk factor for developing type 2 diabetes. About 55
percent of type 2 are obese—chronic obesity leads to
increased insulin resistance that can develop into diabetes,
most likely because adipose tissue is a (recently identified)
source of chemical signals (hormones and cytokines). Other
research shows that type 2 diabetes causes obesity.
[0083] Diabetes mellitus type 2 is often associated with
obesity and hypertension and elevated cholesterol (combined
hyperlipidemia), and with the condition Metabolic syndrome
(also known as Syndrome X, Reavan’s syndrome, or
CHAOS). It is also associated with acromegaly, Cushing’s
syndrome and a number of other endocrinological disorders.
[0084] Diabetes mellitus type 2 is a chronic, progressive
disease that cannot now be cured. There are two main goals of
treatment of the disease:

[0085] 1. reduction of mortality and concomitant mor-

bidity (from assorted diabetic complications)

[0086] 2. preservation of quality of life
[0087] The first goal can be achieved through close glyce-
mic control (i.e., blood glucose levels); the reduction effect in
diabetic complications has been well demonstrated in several
extensive clinical trials and is thus well established. The sec-
ond goal is often addressed (in developed countries) by sup-
port and care from teams of diabetic health workers (physi-
cian. PA, nurse, dietitian or a certified diabetic educator).
Knowledgeable patient participation is vital and so patient
education is a crucial aspect of this effort.
[0088] Type 2 diabetes is initially treated by adjustment in
diet and exercise, and by weight loss, especially in obese
patients. The amount of weight loss which improves the clini-
cal picture is sometimes modest (5-10 1b); this is almost
certainly due to currently poorly understood aspects of fat
tissue chemical signalling (especially in visceral fat tissue in
and around abdominal organs). In many cases, such initial
efforts can substantially restore insulin sensitivity. Therapeu-
tic intervention in patients diagnosed with type 2 diabetes
includes dietary intervention (including changing the type of
fats ingested to increase omega 3 fatty acid intake-docoso-
hexenoic acid (DHA), eicosopentenoic acid (EPA), conju-
gated linoleic acid (CLA) and alpha linolenic acid (ALA)),
and lifestyle changes, including increasing or adhering to a
daily exercise regimen.
[0089] Alternatively, drug therapy may be used to treat type
2 diabetes. This involves treatment of the individual with an
antidiabetic drugs (all are oral agents “OA”’s, with the excep-
tion of the GLP analogues, which are injected). The initial
choice of anti-diabetic drug has been compared in a random-
ized controlled trial which found cumulative incidence of
monotherapy failure at 5 years of 15% with rosiglitazone,
21% with metformin, and 34% with glyburide. Rosiglitazone
had more weight gain and edema. Rosiglitazone may increase
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risk of death from cardiovascular causes. Pioglitazone and
rosiglitazone may increase the risk of fractures.
[0090] Antidiabetic drugs include:
[0091] Sulfonylureas
[0092] Biguanides include metformin and phenformin.
[0093] Thiazolidinediones (TZDs) include rosiglita-
zone, pioglitazone, and troglitazone.
[0094] «a-glucosidase inhibitors include acarbose and
miglitol.
[0095] Meglitinides include nateglinide, repaglinide,
and their analogs.

[0096] Peptide analogs
[0097] Incretin mimetics insulin secretagogues.
[0098] Glucagon-like peptide (GLP) analogs (subcu-

taneous administration)

[0099] exenatide
[0100] liraglutide (not FDA approved)
[0101] Gastric inhibitory peptide (GIP) analogs
[0102] None are FDA approved
[0103] Incretin enhancers
[0104] sitagliptin
[0105] Amylin agonist analog (slows gastric empty-
ing and suppresses glucagon)
[0106] pramlintide
[0107] Insulin preparations
[0108] Preferred pharmacological intervention may

include the administration of sulfonylurea agents, including
tolbutamide and chlorpropamide; biguanides such as met-
formin; alpha-glucosidase inhibitors, such as acarbose (Pre-
cose) and miglitol (Glyset); the thiazolidinediones, such as
troglitazone, pioglitazone and rosiglitazone (insulin sensitiz-
ers); and the non-sulfonylurea meglitinides, such as repaglin-
ide (Prandin) or mixtures thereof are useful.

[0109] In addition, as in the case of metabolic syndrome,
treatment of dyslipidemia with statins, nicotinic acid and/or
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bile acid sequestrants (fibrates, including gemfibrozil, fenofi-
brate), treatment of insulin resistance with metformin, the
thiazolidinediones (described above), and the treatment of
hypertension with ACE inhibitors, such as ramipril, and
angiotensin receptor blockers (ARBs), such as losartan may
be advantageously used for therapeutic intervention in type 2
diabetes.

[0110] The term “polypeptide expression profile” as used
herein is defined as the expression level of two or more
polypeptide biomarkers. The term polypeptide includes all
natural variants (including glycosylated variants) of the
polypeptide. These are obtained from a biological sample
(blood, serum, plasma or urine) of a patient to be tested and
diagnosed.

[0111] The term “traditional therapy” relates to therapy
(protocol) which is typically used to treat metabolic syn-
drome (prediabetes) or type 2 diabetes and includes all thera-
pies which are well-known in the art. In the present invention
the term “more aggressive therapy” or “alternative therapy”
usually means a more aggressive version of conventional
therapy typically used to treat prediabetes or diabetes, using
exercise, diet, surgery or conventional or traditional pharma-
ceutical agents at dosages and/or for periods of time in order
to increase the likelihood of a favorable therapeutic outcome.
It may also refer, in context, to experimental therapies for
treating diabetes, rather than simply more aggressive versions
of conventional (traditional) therapy.

[0112] The term “polypeptides” or “polypeptide biomark-
ers” refer to the polypeptides which are measured in the
method of the present invention and include all glycosylated
variants of the unglycosylated polypeptide otherwise
described herein. The following table 1 sets forth those
polypeptide markers which may be used to identify metabolic
syndrome and/or type 2 diabetes

TABLE 1A
Relevant Proteins Expressed By Human Adipocytes
Reference
Upregulated Polypeptides Number*

Lipoprotein Lipase (LPL)
Quiescin Q6 Sulhydryl Oxidase 1

GI:15030193
GI:13325075

Cathepsin B GI:4503139
Complement Component 6 GI:169636415
Hippocampal Cholinergic Neurostimulating GI:1352726

Protein (HCNP) or Phosphaticylethanolamine
Binding Protein (PEBP)

Serine Protease Inhibitor 2C (SPARC)

Adiponectin (ACRP30)

Angiotensinogen (Angiotensin)

Cyclophilin A (Peptidylprolyl isomerase A)
Laminin B1 subunit 1 (laminin, beta 1 precursor)
GP-39 (chitinase 3-like 1, cartilage glycoprotein 39)
MASP-3 (complement factor MASP-3)

NPC2 (Niemann-Pick disease, type C2, isoform CRA_b) GI:119601584
Tetranectin

TIMP2 (tissue inhibitor of metalloproteinase 2; TIMP-2)
Superoxide dismutase, secreted (Superoxide dismutase 3, GI:15680150
Spondin 1 (spondin 1, extracellular matrix protein)

GI:119601994
GI:64654883
GI:532198
GI:49522214
GI:167614504
GI:119611874
GI:15088517

GI:825722
GI:298202

GI:110347423

Downregulated Polypeptides

Reference/
Accession Number*

MMP?2 (collagenase, type IV) matrix
metalloproteinase 2 (gelatinase A)

GI:51831776
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TABLE 1A-continued

Relevant Proteins Expressed By Human Adipocytes

Slit homolog 3 GI:11321571
Retinoid-inducible serine carboxypeptidase 1 GIL:41690765
(Serine carboxypeptidase 1)

Protease, Serine, 11, HtrA serine peptidase 1 GL:4506141
Fibrinogen/angiotension related protein GI:21536398

*GI reference numbers (search number) provide access to the underlying protein reference at the

internet site: nebi.nlm.nih. gov/sites/entrez?db=Protein

[0113] These polypeptides may be glycosylated or ungly-
cosylated and in preferred aspects both glycosylated and ung-
lycosylated are measured. In these instances, a monoclonal
antibody binds to an epitope of the polypeptide which occurs
in both the glycosylated and unglycosylated polypeptides.
Alternatively, monoclonal antibodies may be raised against
glycosylated or unglycosylated polypeptides. Analysis of
polypeptides (generally, by measuring a concentration of one
or more of the above-referenced polypeptides in a patient’s
blood, serum or plasma, although a urine sample may also be
used) according to the present invention may be made
through one the following methods.

[0114] A direct assay, such as an immunoassay using anti-
bodies that recognize the unglycosylated or glycosylated
polypeptide biomarker, is preferred, but other exemplary
assays can involve lectins that assay for carbohydrate moi-
eties or any other fingerprinting technique including qualita-
tive or quantitative carbohydrate composition analysis, chro-
matography, chemical or electrophoresis or isoelectric
focusing tests, among others, or any other methods that detect
glycosylation variants of polypeptides and/or antibodies to
glycosylated or carbohydrate-variant polypeptides. Such
assays are described and known in the art. A number of
commercially available monoclonal antibodies for the indi-
vidual polypeptides which are set forth may be used in bio-
assays, including colorimetric or other bioassays for identi-
fying the concentration/amount of one or more of the
polypeptide markers as set forth above in a biological sample
taken from the patient.

[0115] Immunoassays that can be used to detect unglyco-
sylated and glycosylated polypeptides include, but are not
limited to, assays employing specific antibodies to the indi-
vidual polypeptide biomarkers as otherwise described herein
and assays employing nonspecifically defined antibodies
obtained by injection of a polypeptide marker obtained from
the serum of a patient with an ovarian tumor and/or cancer as
described herein, into test animals using standard methods.
Many of the monoclonal antibodies which may be used in
bioassays which may be used in the present invention are
available commercially. Alternatively, antibodies to these
polypeptides can be generated by standard means as
described, for example, in “Antibodies: A Laboratory
Manual” by Harlow and Lane (Cold Spring Harbor Press,
1988), which is hereby incorporated by reference.

[0116] For example, a monoclonal anti-polypeptide anti-
body can be generated by immunizing a mouse with an iso-
lated or recombinant polypeptide (glycosylated or non-gly-
cosylated) pre-treated with neuraminidase, or a cell
expressing recombinant the polypeptide pre-treated with
neuraminidase. Once an immune response is detected, e.g.,
antibodies specific for that polypeptide are detected in the
mouse serum, the mouse spleen is harvested and splenocytes
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are isolated. The splenocytes are then fused by well-known
techniques to any suitable myeloma cells, for example, cells
from cell line SP20 available from the American Type Culture
Collection (ATCC). Hybridomas are selected and cloned by
limited dilution. The hybridoma clones are then assayed by
methods known in the art for cells that secrete antibodies
capable of binding the relevant biomarker polypeptide.
Ascites fluid, which generally contains high levels of anti-
bodies, can be generated by immunizing mice with positive
hybridoma clones.

[0117] Any type of fusion phage, monoclonal, or poly-
clonal antibodies can be used in immunoassays of the inven-
tion, so long as the antibodies can be used in a reproducible
fashion to identify and quantify polypeptide biomarkers in
normal and variant (with cancer) populations.

[0118] In one embodiment, an amount of a polypeptide
marker (glycosylated or non-glycosylated) can be measured
using a capture antibody followed by a labeled secondary
antibody using a strategy which is well known in the art. In
providing this assay, a first antibody may bind to a polypep-
tide with polypeptide specificity and a second labeled anti-
body is used to quantify the target polypeptide. The label on
the secondary antibody can comprise any chemical, radioac-
tive, lanthanide, colored dye, or genetic tag used in enzyme-
linked immunosorbent assays (ELISAs), Western blots, and
other sensitive and specific immunoassays and immunoradi-
ometric assays using known methodology. These include
conjugating the antibody with horseradish peroxidase or
alkaline phosphatase that are easily measurable, typically
using colorimetric, fluorometric or luminescent substrates.
Genetic labels include firefly luciferase, employed because
luciferase produces a bioluminescent molecule when incu-
bated with its substrate, luciferin. Multiplex kits preferably
could be used to detect multiple proteins. These are well
known in the art.

[0119] In other embodiments, polypeptide-specific anti-
body may be used as a capture antibody, and an antibody
specific to a glycosylated or carbohydrate-variant of the
polypeptide and/or an abnormal carbohydrate portion thereof
can be used as the secondary labeled antibody in an immu-
noassay such as those described above. Competitive immu-
noassays employing antibodies to specific glycosylated
polypeptide markers can also be employed to detect and
quantify the glycosylated polypeptides.

[0120] Alternate embodiments using Phaseoulus Vuglaris
Leucoagglutinin (PHA-L) or other carbohydrate-specific lec-
tins can be used in place of the capture antibody or labeled
antibody. Alternatively, prior to an immunoassay, a lectin or
chromatographic method can be used to extract a glycosy-
lated polypeptide biomarker from a biological sample (se-
rum) or from a fraction that was separated or pooled accord-
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ing to another characteristic, such as pl range (isoelectric
focusing). These methods are all well known in the art.
[0121] Carbohydrate analyses include qualitative observa-
tions of differences in physical properties between non-gly-
cosylated and glycosylated proteins, carbohydrate identifica-
tion using plant lectins specific to the variant carbohydrate
portion of the biomarker (where relevant) by standard lectin
screening methods, or any other fingerprinting technique
including qualitative or quantitative carbohydrate composi-
tion analyses.

Diagnosis, Prognosis and Risk Classification

[0122] Current parameters used for diagnosis, prognosis
and risk classification in prediabetes and diabetes are related
to clinical data, cytogenetics and response to treatment. They
include age, weight, glucose levels, etc. As noted above how-
ever, these parameters are not always well correlated with
outcome, nor are they precisely predictive at diagnosis.
[0123] Prognosisis typically recognized as a forecast of the
probable course and outcome of a disease. As such, itinvolves
inputs of both statistical probability, requiring numbers of
samples, and outcome data. In the present invention, outcome
data is utilized in the form of a favorable outcome and cure.
The object is to maintain the patient in a non-diabetic condi-
tion, restore glucose tolerance and minimize or reverse insu-
lin resistance.

[0124] The ability to determine which cases of metabolic
syndrome (prediabetes) and type 2 diabetes will respond to
treatment, and to which type of treatment, would be useful in
appropriate allocation of treatment resources. It would also
provide guidance as to the aggressiveness of therapy in pro-
ducing a favorable outcome. As indicated above, the various
therapies have significantly different risks and potential side
effects, especially therapies which are more aggressive or
even experimental in nature. Accurate prognosis would also
minimize application of treatment regimens which have low
likelihood of success and would allow a more efficient
aggressive or even an experimental protocol to be used with-
out wasting effort on therapies unlikely to produce a favorable
therapeutic outcome, preferably a continuous complete
remission. Such also could avoid delay of the application of
alternative treatments which may have higher likelihoods of
success for a particular presented case. Thus, the ability to
evaluate individual cases for markers which subset into
responsive and non-responsive groups for particular treat-
ments is very useful.

[0125] Current models of metabolic syndrome (prediabe-
tes) and diabetes are poor at distinguishing between condi-
tions which have similar biochemical features but which may
vary in clinical course and outcome. Identification of novel
prognostic molecular markers is a priority if radical treatment
is to be offered on amore selective basis to those patients with
disease states which do not respond favorably to conventional
therapy (especially nutrition/diet and exercise). A novel strat-
egy is described to discover/assess/measure molecular mark-
ers for prediabetes and diabetes by assessing the concentra-
tion of polypeptide (including glycosylated polypeptide)
biomarkers in patients suspected of being at risk for or have
metabolic syndrome or type 2 diabetes and modeling these
data based on a predetermined concentration of polypeptide
biomarkers for numerous patients having a known clinical
outcome. The invention herein is directed to defining differ-
ent forms and severity of prediabetes and diabetes by mea-
suring the existence and concentration of polypeptide mark-
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ers which can translate directly into therapeutic prognosis.
Such prognosis allows for application of a treatment regimen
having a greater statistical likelihood of cost effective treat-
ments and minimization of negative side effects from the
different/various treatment options.

[0126] In preferred aspects, the present invention provides
an improved method for identifying and perhaps classifying
metabolic syndrome (prediabetes) and diabetes. Polypeptide
marker levels in blood, serum, plasma and/or urine are deter-
mined for one or more polypeptides associated with outcome,
risk assessment or classification or subtype. Polypeptide
markers that are particularly relevant for diagnosis, prognosis
and risk classification, especially for type 2 diabetes, accord-
ing to the invention include those described in the above and
in Table 1 herein. The polypeptide marker levels for the
product of interest in a biological sample (preferably, serum)
from a patient diagnosed with or suspected of having meta-
bolic syndrome or type 2 diabetes are compared to biomarker
levels observed for a control sample, or with a predetermined
polypeptide biomarker level. Observed levels that are higher
or lower than the levels observed for the biomarkers of inter-
est (as defined in table 1) in the control sample or that are
higher or lower than the predetermined levels for the biom-
arkers of interest provide information about the ovarian tumor
that facilitates diagnosis, prognosis, and/or risk classification
and can aid in treatment decisions, especially whether to use
amore of less aggressive therapeutic regimen or perhaps even
an experimental therapy. When the levels of multiple
polypeptide biomarkers are assessed for a single biological
sample, a polypeptide marker profile is produced.

[0127] In one aspect, the invention provides serum
polypeptide marker profiles that are correlated with outcome
(i.e., reduction in symptomology vs. outright cure in predia-
betic conditions and/or in diabetes type 2. Assessment of one
or more of these polypeptide markers according to the inven-
tion, preferably at least two, three, four, five, or more as
otherwise described herein (Table 1), or as many as 22 or
more polypeptide markers as otherwise described herein in a
given gene profile can be integrated into revised risk classi-
fication schemes, therapeutic targeting and clinical trial
design. In one embodiment, the concentration of particular
polypeptide biomarker(s) are measured, and that measure-
ment is used, either alone or with other parameters, to assign
the patient to a particular risk category (including a level of
metabolic syndrome or type 2 diabetes). The invention iden-
tifies several polypeptide biomarkers whose concentration in
a patient’s serum, either alone or in combination, are associ-
ated with subtype and in certain instances therapeutic out-
come.

[0128] Some of these polypeptide markers exhibit a posi-
tive association between concentration level and type of pre-
diabetic or diabetic condition and separately, outcome. For
these polypeptide markers, concentration levels (generally in
serum) above a predetermined threshold level (or higher than
that exhibited by a control sample) is predictive of a given
tissue subtype (normal, benign or cancerous), positive out-
come (continuous complete remission). Our data suggests
that measurement of the concentration levels of at least one of
these polypeptide markers, preferably at least two, three, four
or five of these polypeptide markers, etc (6,7,8,9,10,11,12,
13,14,15,16,17,18,19,20,21 or 22 or more of these polypep-
tide markers, can be used in refining risk classification and
outcome prediction in prediabetic conditions and diabetes. In
particular, it is expected such measurements can be used to
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refine risk classification in patients who exhibit features of
prediabetes or diabetes and who could be cured with more
intensive or less intensive therapies.

[0129] Each of the polypeptide biomarkers may be mea-
sured individually or in groups. In preferred aspects the
expression at least two, three, four, five, six or more polypep-
tides in the serum, plasma or urine are measured. Concentra-
tion levels for multiple polypeptide biomarkers can be mea-
sured (multiplex assays). In certain aspects of the invention
where very high reliability is desired/required, then of all 22
polypeptides (as per Table 1) may be measured and compared
with a predetermined value such that a measurement above or
below the predetermined value of expression for the group of
polypeptides which is indicative of a favorable therapeutic
outcome or a therapeutic failure which would require more
intensive therapy. In the event of a predictive favorable thera-
peutic outcome, conventional therapy may be used and in the
event of a predictive unfavorable outcome (failure), more
aggressive therapy may be recommended and implemented.

[0130] The expression levels of multiple (two or more,
preferably three, four or five, six or more, preferably up to 22
or more polypeptides/gene products as described herein-
above within the polypeptides listed in Table 1A) in one or
more lists of genes/polypeptide markers associated with out-
come can be measured, and those measurements are used,
either alone or with other parameters, to assign the patient to
a particular risk category as it relates to a disease state, the
existence of diabetes or a predicted therapeutic outcome. For
example, concentrations of polypeptide biomarkers can be
measured for a patient as described hereinabove using an
immunoassay or a related method as otherwise described
herein. If the serum polypeptide profile of the patient is simi-
lar to that of the list of polypeptides associated with outcome,
then the patient can be assigned to a low (or high, as the case
may be) risk category. The correlation between polypeptide
concentrations and class distinction can be determined using
a variety of methods. The information provided by the present
invention, alone or in conjunction with other test results, aids
in sample classification and diagnosis of disease.

[0131] Computational analysis using the polypeptide lists
and other data, such as measures of statistical significance, as
described herein is readily performed on a computer. The
invention should therefore be understood to encompass
machine readable media comprising any of the data, includ-
ing polypeptide lists, described herein. The invention further
includes an apparatus that includes a computer comprising
such data and an output device such as a monitor or printer for
evaluating the results of computational analysis performed
using such data.

[0132] In another aspect, the invention provides polypep-
tide profiles that may be correlated with cytogenetics. This
allows discrimination among the various karyotypes, which
are useful in risk assessment and outcome prediction.

[0133] In yet another aspect, the invention provides
polypeptide profiles that are correlated with intrinsic disease
biology and/or etiology. In other words, polypeptide biomar-
ker profiles that are common or shared among individual
diabetes cases in different patients may be used to define
intrinsically related groups based upon a biomarker profile
that cannot be appreciated or diagnosed using standard means
such as morphology, immunophenotype, or cytogenetics.

[0134] Some polypeptides in these clusters may be meta-
bolically related, suggesting that a metabolic pathway that is
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associated with diabetes initiation or progression, etc., thus
potentially serving as therapeutic targets.

[0135] In yet another aspect, the invention provides
polypeptide profiles which may be used to discriminate
patient subtypes as otherwise described herein.

[0136] It should be appreciated that while the present
invention is described primarily in terms of human disease, it
is useful for diagnostic and prognostic applications in other
mammals as well, particularly in veterinary applications such
as those related to the treatment of acute cancers in cats, dogs,
cows, pigs, horses and rabbits.

[0137] Further, the invention provides methods for compu-
tational and statistical methods for identifying polypeptide
biomarkers, lists and profiles of polypeptide biomarkers asso-
ciated with outcome, karyotype, disease subtype and the like
as described herein.

[0138] In sum, the present invention has identified a group
of polypeptide biomarkers which strongly correlate with
diagnosis of prediabetic, diabetic and normal cells (adipo-
cytes) as well as favorable/unfavorable outcome in treating
prediabetic or diabetic conditions and/or disease states.

Measurement of Polypeptide Levels

[0139] Polypeptide levels in serum or plasma (or alterna-
tively, urine, more preferably serum) can be assayed in a
number of ways. Immunological techniques that involve anti-
body binding, such as enzyme linked immunosorbent assay
(ELISA) and radioimmunoassay (RIA), are typically
employed. Colorimetric assays, where they can be employed,
are often quite convenient. Where activity assays are avail-
able, the activity of a polypeptide of interest can be assayed
directly. The polypeptide biomarkers of the present invention
may also be quantified using mass spectrometry methods
which are well known in the art.

[0140] As discussed above, the concentration of these
polypeptide biomarkers, especially including glycosylated
polypeptide biomarkers in a biological sample may be evalu-
ated by many methods. A direct assay, such as an immunoas-
say using antibodies that may recognize a glycosylated
polypeptide biomarker, is preferred, but other exemplary
assays can involve lectins that assay for carbohydrate moi-
eties or any other fingerprinting technique including qualita-
tive or quantitative carbohydrate composition analysis, chro-
matography, chemical or electrophoresis or isoelectric
focusing tests, among others, or any other methods that detect
glycosylation variants of polypeptides and/or antibodies to
glycosylated or carbohydrate-variant polypeptides. Such
assays are described and known in the art.

[0141] Immunoassays that can be used to detect unglyco-
sylated and glycosylated polypeptides include, but are not
limited to, assays employing specific antibodies to the indi-
vidual polypeptide biomarkers as otherwise described herein
and assays employing nonspecifically defined antibodies
obtained by injection of a polypeptide marker obtained from
the serum of a patient with an ovarian tumor and/or cancer as
described herein, into test animals using standard methods.
Antibodies to these polypeptides can be generated by stan-
dard means as described, for example, in “Antibodies: A
Laboratory Manual” by Harlow and Lane (Cold Spring Har-
bor Press, 1988), which is hereby incorporated by reference.
[0142] For example, a monoclonal anti-polypeptide anti-
body can be generated by immunizing a mouse with an iso-
lated or recombinant polypeptide (glycosylated or non-gly-
cosylated) pre-treated with neuraminidase, or a cell
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expressing recombinant the polypeptide pre-treated with
neuraminidase. Once an immune response is detected, e.g.,
antibodies specific for that polypeptide are detected in the
mouse serum, the mouse spleen is harvested and splenocytes
are isolated. The splenocytes are then fused by well-known
techniques to any suitable myeloma cells, for example, cells
from cell line SP20 available from the American Type Culture
Collection (ATCC). Hybridomas are selected and cloned by
limited dilution. The hybridoma clones are then assayed by
methods known in the art for cells that secrete antibodies
capable of binding the relevant biomarker polypeptide.
Ascites fluid, which generally contains high levels of anti-
bodies, can be generated by immunizing mice with positive
hybridoma clones.

[0143] Any type of fusion phage, monoclonal, or poly-
clonal antibodies can be used in immunoassays of the inven-
tion, so long as the antibodies can be used in a reproducible
fashion to identify and quantify polypeptide biomarkers in
normal and variant (with cancer) populations.

[0144] In one embodiment, an amount of a polypeptide
marker (glycosylated or non-glycosylated) can be measured
using a capture antibody followed by a labeled secondary
antibody using a strategy which is well known in the art. In
providing this assay, a first antibody may bind to a polypep-
tide with polypeptide specificity and a second lableled anti-
body is used to quantify the target polypeptide. The label on
the secondary antibody can comprise any chemical, radioac-
tive, lanthanide, colored dye, or genetic tag used in enzyme-
linked immunosorbent assays (ELISAs), Western blots, and
other sensitive and specific immunoassays and immunoradi-
ometric assays using known methodology. These include
conjugating the antibody with horseradish peroxidase or
alkaline phosphatase that are easily measurable, typically
using colorimetric, fluorometric or luminescent substrates.
Genetic labels include firefly luciferase, employed because
luciferase produces a bioluminescent molecule when incu-
bated with its substrate, luciferin.

[0145] In other embodiments, polypeptide-specific anti-
body may be used as a capture antibody, and an antibody
specific to a glycosylated or carbohydrate-variant of the
polypeptide and/or an abnormal carbohydrate portion thereof
can be used as the secondary labeled antibody in an immu-
noassay such as those described above. Competitive immu-
noassays employing antibodies to specific glycosylated
polypeptide markers can also be employed to detect and
quantify the glycosylated polypeptides.

[0146] Alternate embodiments using Phytohemaggluti-
nin-L or other carbohydrate-specific lectin can be used in
place of the capture antibody or labeled antibody. Alterna-
tively, prior to an immunoassay, a lectin or chromatographic
method can be used to extract a glycosylated polypeptide
biomarker from a biological sample (serum) or from a frac-
tion that was separated or pooled according to another char-
acteristic, such as pl range (isoelectric focusing). These meth-
ods are all well known in the art.

[0147] Carbohydrate analyses include qualitative observa-
tions of differences in physical properties between non-gly-
cosylated and glycosylated proteins, carbohydrate identifica-
tion using plant lectins specific to the variant carbohydrate
portion of the biomarker (where relevant) by standard lectin
screening methods, or any other fingerprinting technique
including qualitative or quantitative carbohydrate composi-
tion analyses.
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[0148] Antibody purification may be performed, though
separation of protein from others, and evaluation of specific
bands or peaks on protein separation may provide the same
results. Thus, e.g., mass spectroscopy of a protein sample
may indicate that quantitation of a particular peak will allow
detection of the corresponding gene product. Multidimen-
sional protein separations may provide for quantitation of
specific purified entities.

[0149] The observed concentration levels of the polypep-
tide markers of interest are evaluated to determine whether
they provide diagnostic or prognostic information for the
prediabetic or diabetic condition being analyzed. The evalu-
ation typically involves a comparison between observed
polypeptide levels and either a predetermined polypeptide
level or threshold value, or a polypeptide level that character-
izes a control sample (“predetermined value). The control
sample can be a sample obtained from a normal (i.e., non-
diabetic patient with normal glucose tolerance and no observ-
able insulin resistance) or it can be a sample obtained from a
patient with a known condition or disease state. For example,
if a cytogenic classification is desired, the biological sample
can be interrogated for the expression level of a polypeptide
correlated with the cytogenic abnormality, then compared
with the serum concentration level of the same polypeptide(s)
in a patient known to have the cytogenetic abnormality (or an
average expression level for the polypeptide biomarker that
characterizes that population).

[0150] The present study provides specific identification of
multiple polypeptide biomarkers whose expression levels in
biological samples will serve as markers to evaluate predia-
betes and diabetes cases. These markers are selected for sta-
tistical correlation to disease outcome data based on a large
number of metabolic syndrome (prediabetic) and diabetic
patients.

Treatment of Metabolic Syndrome (Prediabetes) and Diabe-
tes

[0151] The polypeptide biomarkers identified herein may
be associated with outcome of a disease state and may provide
insight into a treatment regimen. That regimen may be that
traditionally used for the treatment of a metabolic syndrome
(prediabetic condition) or diabetes (as discussed herein-
above) in the case where the analysis of polypeptide biomar-
kers from samples taken from the patient predicts a favorable
therapeutic outcome, or alternatively, the chosen regimen
may be a more aggressive approach (higher dosages of tradi-
tional therapies for longer periods of time) or even experi-
mental therapies in instances where the predictive outcome is
that of failure of therapy.

[0152] In addition, the present invention may provide new
treatment methods, agents and regimens for the treatment of
diabetes. The polypeptide biomarkers identified herein that
are associated with outcome and/or specific disease subtypes
or karyotypes are likely to have a specific role in the disease
condition, and hence represent novel therapeutic targets.
Thus, another aspect of the invention involves treating diabe-
tes by modulating the expression of one or more polypeptides
described herein to a desired concentration level.

[0153] In the case of those polypeptide biomarkers/gene
products (Table 1A) whose increased (upregulation) or
decreased (downregulation) expression (whether above or
below a predetermined value) is associated with a favorable
outcome or failure, the treatment method of the invention will
involve enhancing the expression of those gene products in
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which a favorable therapeutic outcome is predicted by such
enhancement and inhibiting the expression of those gene
products in which enhanced expression is associated with
failed therapy.

[0154] Thus, in the case of the polypeptide markers from
Table 1A, the increased or decreased expression levels for a
particular gene as indicated in the table may become a thera-
peutic goal in the treatment of diabetes, depending on how the
gene producing the polypeptide biomarker responds during
diabetes therapy. Therapeutic agents for affecting the
increased or decreased expression levels may be identified
and used as alternative therapies to traditional treatment
modalities for diabetes, especially as the increased or
decreased expression of each of these genes becomes a thera-
peutic goal for the treatment of cancer or the development of
agents for the treatment of diabetes. Thus, in this aspect of the
present invention, the treatment method of the invention
involves enhancing or inhibiting one or more of the polypep-
tide biomarkers gene or other gene products as such are
consistent with a therapeutic outcome.

[0155] For a number of the gene products identified herein,
as above, increased expression is correlated with positive
outcomes in diabetes patients—in others, reduced expres-
sion. Thus, the invention includes a method for treating dia-
betes, that involves administering to a patient a therapeutic
agent that causes an increase or decrease in the amount or
activity of one or more expressed polypeptide biomarkers as
otherwise described in Table 1A. Preferably the increase or
decrease in amount or activity of the selected gene product is
significant, i.e. it is at least about 10%, preferably at least
about 25%, more preferably at least about 50% (1.5x), more
preferably at least about 100% (2x) and even more preferably
at least about 200% (3x) above the expression level observed
in the patient prior to treatment.

[0156] The therapeutic agent can be a polypeptide having
the biological activity of the polypeptide of interest or a
biologically active subunit or analog thereof. Alternatively,
the therapeutic agent can be a ligand (e.g., a small non-
peptide molecule, a peptide, a peptidomimetic compound, an
antibody, or the like) that agonizes (i.e., increases) the activity
of the polypeptide of interest. For example, the therapeutic
agent may function as a receptor or signaling molecule.
[0157] Gene therapies can also be used to increase the
amount of a polypeptide of interest in a host cell of a patient.
Polynucleotides operably encoding the polypeptide of inter-
est can be delivered to a patient either as “naked DNA” or as
part of an expression vector. The term vector includes, but is
not limited to, plasmid vectors, cosmid vectors, artificial
chromosome vectors, or, in some aspects of the invention,
viral vectors. Examples of viral vectors include adenovirus,
herpes simplex virus (HSV), alphavirus, simian virus 40,
picornavirus, vaccinia virus, retrovirus, lentivirus, and adeno-
associated virus. Preferably the vector is a plasmid. In some
aspects of the invention, a vector is capable of replication in
the cell to which it is introduced; in other aspects the vector is
not capable of replication. In some preferred aspects of the
present invention, the vector is unable to mediate the integra-
tion of the vector sequences into the genomic DNA of a cell.
An example of a vector that can mediate the integration of the
vector sequences into the genomic DNA of a cell is a retro-
viral vector, in which the integrase mediates integration of the
retroviral vector sequences. A vector may also contain trans-
poson sequences that facilitate integration of the coding
region into the genomic DNA of a host cell.
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[0158] Selection of a vector depends upon a variety of
desired characteristics in the resulting construct, such as a
selection marker, vector replication rate, and the like. An
expression vector optionally includes expression control
sequences operably linked to the coding sequence such that
the coding region is expressed in the cell. The invention is not
limited by the use of any particular promoter, and a wide
variety is known. Promoters act as regulatory signals that bind
RNA polymerase in a cell to initiate transcription of a down-
stream (3' direction) operably linked coding sequence. The
promoter used in the invention can be a constitutive or an
inducible promoter. It can be, but need not be, heterologous
with respect to the cell to which it is introduced.

[0159] Another option for increasing the expression of a
gene product as described in Table 1 wherein higher expres-
sion levels are predictive for favorable outcome is to reduce
the amount of methylation of the gene. Demethylation agents,
therefore, can be used to re-activate the expression of a gene
product in cases where methylation of the gene is responsible
for reduced gene expression in the patient.

[0160] For other polypeptide biomarkers identified herein
as being correlated with therapeutic failure or without out-
come high expression of the gene may be associated with a
negative outcome rather than a positive outcome. In such
instances, where the expression levels of these biomarkers are
high, the predicted therapeutic outcome in such patients is
therapeutic failure for traditional therapies. In such case,
more aggressive approaches to traditional therapies and/or
experimental therapies may be attempted.

[0161] A cell manufactures proteins by first transcribing
the DNA of a gene for that protein to produce RNA (tran-
scription). In eukaryotes, this transcript is an unprocessed
RNA called precursor RNA that is subsequently processed
(e.g. by the removal of introns, splicing, and the like) into
messenger RNA (mRNA) and finally translated by ribosomes
into the desired protein. This process may be interfered with
or inhibited at any point, for example, during transcription,
during RNA processing, or during translation. Reduced
expression of the gene(s) leads to a decrease or reduction in
the activity of the gene product and, in cases where high
expression leads to a therapeutic failure, an expected thera-
peutic success.

[0162] The therapeutic method for inhibiting the activity of
a polypeptide biomarker whose high expression (table 1) is
correlated with negative outcome/therapeutic failure involves
the administration of a therapeutic agent to the patient to
inhibit the expression of the gene. The therapeutic agent can
be a nucleic acid, such as an antisense RNA or DNA, or a
catalytic nucleic acid such as a ribozyme, that reduces activity
of'the gene product of interest by directly binding to a portion
of the gene encoding the enzyme (for example, at the coding
region, at a regulatory element, or the like) or an RNA tran-
script of the gene (for example, a precursor RNA or mRNA,
at the coding region or at 5' or 3' untranslated regions) (see,
e.g., Golub et al., U.S. Patent Application Publication No.
2003/0134300, published Jul. 17, 2003). Alternatively, the
nucleic acid therapeutic agent can encode a transcript that
binds to an endogenous RNA or DNA; or encode an inhibitor
ofthe activity of the polypeptide of interest. It is sufficient that
the introduction of the nucleic acid into the cell of the patient
is or can be accompanied by a reduction in the amount and/or
the activity of the polypeptide of interest. An RNA captamer
can also be used to inhibit gene expression. The therapeutic
agent may also be protein inhibitor or antagonist, such as
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small non-peptide molecule such as a drug or a prodrug, a
peptide, a peptidomimetic compound, an antibody, a protein
or fusion protein, or the like that acts directly on the polypep-
tide of interest to reduce its activity.

[0163] The invention includes a pharmaceutical composi-
tion that includes an effective amount of a therapeutic agent as
described herein as well as a pharmaceutically acceptable
carrier. These therapeutic agents may be agents or inhibitors
of selected polypeptide biomarkers (table 1), especially
including monoclonal antibodies of same. Therapeutic agents
can be administered in any convenient manner including
parenteral, subcutaneous, intravenous, intramuscular, intrap-
eritoneal, intranasal, inhalation, transdermal, oral or buccal
routes. The dosage administered will be dependent upon the
nature of the agent; the age, health, and weight of the recipi-
ent; the kind of concurrent treatment, if any; frequency of
treatment; and the effect desired. A therapeutic agent identi-
fied herein can be administered in combination with any other
therapeutic agent(s) such as immunosuppressives, cytotoxic
factors and/or cytokine to augment therapy.

[0164] The effect of a treatment regimen on metabolic syn-
drome (prediabetes) or diabetes can be assessed by evaluat-
ing, before, during and/or after the treatment, the concentra-
tion level of one or more polypeptide biomarkers as described
herein. Preferably, the level of polypeptide markers associ-
ated with outcome as described above (preferably, favorable
outcome, but also, negative outcome), may be monitored over
the course of the treatment period. Optionally profiles show-
ing the concentration levels of multiple selected polypeptide
biomarkers associated with outcome can be produced at dif-
ferent times during the course of treatment and compared to
each other and/or to an expression profile correlated with
outcome.

Screening for Therapeutic Agents

[0165] The invention further provides methods for screen-
ing to identify agents that modulate expression levels of the
polypeptide biomarkers identified herein that are correlated
with outcome, risk assessment or classification, cytogenetics
or the like. Candidate compounds can be identified by screen-
ing chemical libraries according to methods well known to
the art of drug discovery and development (see Golub et al.,
U.S. Patent Application Publication No. 2003/0134300, pub-
lished Jul. 17, 2003, for a detailed description of a wide
variety of screening methods). The screening method of the
invention may be carried outin cell culture, for example using
adipocyte cell lines that express known levels of the thera-
peutic target such as a gene product as otherwise described
herein (see also Table 1). The cells are contacted with the
candidate compound and changes in levels of protein relative
to a control culture or predetermined (threshold or control)
values based upon a control culture are measured. Alterna-
tively, polypeptide biomarker levels before and after contact
with the candidate compound can be measured. Changes
above or below a predetermined value indicate that the com-
pound may have therapeutic utility. Structural libraries can be
surveyed computationally after identification of'a lead drug to
achieve rational drug design of even more effective com-
pounds.

[0166] The invention further relates to compounds thus
identified according to the screening methods of the inven-
tion. Such compounds can be used to treat prediabetic con-
ditions and/or diabetes and can be formulated for therapeutic
use as described above.
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[0167] Active analogs, as that term is used herein, include
modified polypeptides. Modifications of polypeptides of the
invention include chemical and/or enzymatic derivatizations
at one or more constituent amino acids, including side chain
modifications, backbone modifications, and N- and C-termi-
nal modifications including acetylation, hydroxylation,
methylation, amidation, and the attachment of carbohydrate
or lipid moieties, cofactors, and the like.

[0168] In certain aspects of the present invention, a thera-
peutic method may rely on an antibody to one or more gene
products predictive of outcome, preferably to one or more
gene product which otherwise is predictive of a negative
outcome, so that the antibody may function as an inhibitor of
a gene product. Preferably the antibody is a human or human-
ized antibody, especially if it is to be used for therapeutic
purposes. A human antibody is an antibody having the amino
acid sequence of a human immunoglobulin and include anti-
bodies produced by human B cells, or isolated from human
sera, human immunoglobulin libraries or from animals trans-
genic for one or more human immunoglobulins and that do
not express endogenous immunoglobulins, as described in
U.S. Pat. No. 5,939,598 by Kucherlapati et al., for example.
Transgenic animals (e.g., mice) that are capable, upon immu-
nization, of producing a full repertoire of human antibodies in
the absence of endogenous immunoglobulin production can
be employed. For example, it has been described that the
homozygous deletion of the antibody heavy chain joining
region (J(H)) gene in chimeric and germ-line mutant mice
results in complete inhibition of endogenous antibody pro-
duction. Transfer of the human germ-line immunoglobulin
gene array in such germ-line mutant mice will result in the
production of human antibodies upon antigen challenge (see,
e.g., Jakobovits et al., Proc. Natl. Acad. Sci. U.S.A., 90:2551-
2555 (1993); Jakobovits et al., Nature, 362:255-258 (1993);
Bruggemann et al., Year in Immuno., 7:33 (1993)). Human
antibodies can also be produced in phage display libraries
(Hoogenboom et al., J. Mol. Biol., 227:381 (1991); Marks et
al., J. Mol. Biol., 222:581 (1991)). The techmques of Cote et
al. and Boerner et al. are also available for the preparation of
human monoclonal antibodies (Cole et al., Monoclonal Anti-
bodies and Cancer Therapy, Alan R. Liss, p. 77 (1985);
Boerner et al., J. Immunol., 147(1):86-95 (1991)).

[0169] Antibodies generated in non-human species can be
“humanized” for administration in humans in order to reduce
their antigenicity. Humanized forms of non-human (e.g.,
murine) antibodies are chimeric immunoglobulins, immuno-
globulin chains or fragments thereof (such as Fv, Fab, Fab',
F(ab")2, or other antigen-binding subsequences of antibodies)
which contain minimal sequence derived from non-human
immunoglobulin. Residues from a complementary determin-
ing region (CDR) of a human recipient antibody are replaced
by residues from a CDR of a non-human species (donor
antibody) such as mouse, rat or rabbit having the desired
specificity. Optionally, Fv framework residues of the human
immunoglobulin are replaced by corresponding non-human
residues. See Jones et al., Nature, 321:522-525 (1986);
Riechmann et al., Nature, 332:323-327 (1988); and Presta,
Curr. Op. Struct. Biol.,, 2:593-596 (1992). Methods for
humanizing non-human antibodies are well known in the art.
See Jones et al., Nature, 321:522-525 (1986); Riechmann et
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al., Nature, 332:323-327 (1988); Verhoeyen et al., Science,
239:1534-1536 (1988); and (U.S. Pat. No. 4,816,567).

[0170] In order to more completely define the repertoire of
adipocytokines, we report here a detailed proteomic analysis
of the secreted proteome of rodent adipocytes (both immor-
talized mouse and primary rodent derived) using a combina-
tion of shotgun proteomics, glycosylation site mapping, and
2D-reverse phase separations that allowed us to assign more
than two hundred secreted polypeptides with high confi-
dence. We also demonstrate via quantitative proteomics that
many of the secreted proteins that are regulated by classical
induction of insulin resistance (hyperglycemia and chronic
insulin exposure) are regulated in a similar fashion by
elevated O-GIcNAc level-induced insulin resistance.

[0171] Formouse, rat, and human adipocytes, two different
insulin resistant conditions (either hyperglycemia with
chronic insulin exposure or elevation of O-GIcNAc with a
pharmacological inhibtor, PUGNAc) were compared to an
insulin responsive condition for defining proteins that are
differentially secreted. All protein identifications and relative
quantification were performed using proteomic methodolo-
gies (chromatography and mass spectrometry). All results
were confirmed in independent experiments (in quintuplicate
for mouse, in triplicate for rat, and in duplicate for human data
presented).

[0172] While mass spectrometry is used to identify and
quantify these relative differences directly from adipocytes in
culture, multiple other methods (such as ELISA, RIA, or
multiplexing technologies using specific antibodies to the
protein of interest) could be used and the source of material
being analyzed could be serum or whole blood as adipocy-
tokines are known to enter the bloodstream. While analysis
was performed on adipocytes from three different mamma-
lian species it is expected that the homologous protein from
any mammalian species (including but not limited to human,
rodents, dogs, and cats) will serve the redundant function and
be similarly regulated.

[0173] Given that the proteins shown here are altered in
response to the induction of insulin resistance from metabolic
syndrome (which generally precedes and is a hallmark of type
1I diabetes), it is expected that changes in individual and/or a
combination of the identified proteins or processed polypep-
tides generated from said protein sequences alone or in com-
bination with other documented adipocytokines will not only
serve as diagnostic markers for the metabolic syndrome and
type Il diabetes but are prognostic and diagnostic markers for
the development of type II diabetes as well as the plethora of
complications associated with diabetes including but not lim-
ited to obesity, cardiovascular disease including atheroscle-
rosis and hypertension, pancreatic cancer, retinopathy, renal
disease, erectile dysfunction, dental disease, ketoacidosis,
depression, and neuropathy. It is also expected that one or
multiple of these proteins will serve as likely therapeutic
targets for the treatment of said conditions. Furthermore, as
many of these markers were secreted by elevation of
O-GlcNAc levels which is observed in the diabetic condition
and that we have previously demonstrated is sufficient to
induce insulin resistance as measured by insulin stimulated
glucose uptake in adipocytes, O-GlcNAc levels alone
detected by antibodies should be able to be used as both a
prognostic and diagnostic biomarker and modulating
O-GleNAc levels should be seen as a potential therapeutic
target.
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Examples

Experimental Procedures

Tissue Culture

[0174] 3T3s cell lines: 3T3-L.1 and -F442A fibroblasts
were maintained and differentiated on 10 cm plates essen-
tially as previously described''°. Briefly, two days after the
cells reached confluence, cells were induced to differentiate
with high (4.5 g/ml, 3T3-L1) or low (3T3-F442A) glucose
(1.0 g/ml) DMEM containing 10% fetal bovine serum (3T3-
L1) or 10% calf serum (3T3-F442A) via addition of 0.5 mM
(115 pg/mlL) 3-isobutyl-1-methyxanthine (MIX, Sigma), 1
uM (390 ng/ml) dexamethasone (Sigma), and 175 nM (1
png/mL) recombinant insulin (human, Roche). After 48 hrs
(day 2), the medium was replaced with high (3T3-L.1) or low
(3T3-F442A) glucose DMEM plus 10% FBS and supple-
mented with 1 ug/ml insulin for an additional 48 hrs. After 96
hrs (day 4), cells were maintained in appropriate medium
depending on the condition being examined.

[0175] Rat Primary cell culture: inguinal and retroperito-
neal fat pads were removed aseptically from male Sprague-
Dawley rats (Harlan Industries, Indianapolis, Ind.) and pri-
mary preadipocytes were isolated as described in detail
previously>®?”. After additional washing and centrifugation
steps, the preadipocyte pellet was resuspended in plating
medium (high glucose DMEM, antibiotics: PS, 10% FBS)
and seeded at an average density of 1.35x10* cells/cm® for
inguinal and 1.63x10? cells/cm? for retroperitoneal on 10 cm
dishes for the differentiation. Primary cells were maintained
in ahumidified atmosphere containing 5% CO, inairat37° C.
and cultured to confluence, changing the plating medium
every 2 days. After 2 days of confluence, referred to as day O,
the medium was replaced with differentiation medium (high
glucose DMEM containing antibiotics and 10% FBS, 0.25
mM MIX, 0.1 uM dexamethasone, and 17 nM insulin) and at
day 2, an additional 17 nM of insulin was administered with
the plating medium for an additional 48 hrs incubation. The
cells were maintained in low glucose DMEM containing 10%
FBS and treatments (see below) until harvest.

Cell Treatments and Sample Preparation

[0176] On the designated days (day 4 for 3T3-L1, day 5 for
3T3-F442A, and day 9 for rat primary adipocytes), adipo-
cytes were induced with a combined treatment of low or high
glucose containing 10% FBS, with or without insulin (100
nM) and PUGNAc (100 uM, TRC Inc.) according to the
experimental conditions described in the results. After 24 hrs
incubation, the medium was removed and the cells were
washed five times with low or high glucose serum-free
DMEM without antibiotics and vitamins and incubated with
the last rinse for 15 min. After the final wash was removed,
serum-free media supplemented with insulin (1 nM) or PUG-
NAc (100 uM) was added and cells were incubated for 16 hrs.
[0177] After incubation, the conditioned media were har-
vested with extreme care and then centrifuged once at 1,800
rpm at 4° C. for 7 min. The supernatants were filtered using 1
um syringe filters (PALL). The samples were then collected in
centrifuge tubes and centrifuged again at 30,000xG at 4° C.
for 30 min. The samples were then transferred to an equili-
brated spin column (Centriprep YM-3, Amicon, Millipore)
and buffer-exchanged at 2,800 G and 4° C. into 40 mM
ammonium bicarbonate (NH,HCO,) plus 1 mM DTT and
concentrated. The concentrated samples were denatured with
1 M urea, reduced with 10 mM DTT for 1 hr at 56° C.,
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carboxyamidomethylated with 55 mM iodoacetamide in the
dark for 45 min, and then digested with 5 pg trypsin
(Promega) in 40 mM NH,HCO; overnight at 37° C. After
digestion, the peptides were acidified with 200 pl of 1%
trifluoroacetic acid (TFA). Desalting was subsequently per-
formed with C18 spin columns (Vydac Silica C18, The Nest
Group, Inc.), and the resulting peptides were dried down in a
Speed Vac and stored at —20° C. until analyzed. For the subset
of samples to be analyzed for N-linked glycosylation, pep-
tides were resuspended in 19 ul *®O-water and 1 pl of N-gly-
canase (PNGaseF, Prozyme) and allowed to incubate for 18
hours at 37° C. Peptides were dried back down and resus-
pended in 50 pl of 40 mM NH,HCO; with 1 pg of trypsin, to
remove any possible C-terminal incorporation of '*0 from
residual trypsin activity®®, for 4 hours and then dried down
and stored at —20° C. until analyzed.

Whole Cell Extracts and Western Blots

[0178] Whole cell extracts were prepared and Western blots
performed on equal amounts of SDS-PAGE separated pro-
teins using the anti-O-GlcNAc antibody RL-2 and ERK-2 (as
a positive control for loading) essentially as previously
described?®.

Analysis of Secreted Proteins by RP and RP/RP-L.C-MS/MS

[0179] The peptides were resuspended with 78 pul of mobile
phase A (0.1% formic acid, FA, in water) and 2 pl of mobile
phase B (80% acetonitrile, ACN, and 0.1% formic acid in
water) and filtered with 0.2 pm filters (Nanosep, PALL). The
samples were loaded off-line onto a nanospray tapered cap-
illary column/emitter (360x75x15 pum, PicoFrit, New Objec-
tive) self-packed with C18 reverse-phase (RP) resin (8.5 cm,
Waters) in a Nitrogen pressure bomb for 10 min at 1,000 p.s.i.
(~5 ul load) and then separated via a 160-min linear gradient
of increasing mobile phase B at a flow rate of ~200 nl/min
directly into the mass spectrometer. One-dimensional (RP
separation) LC-MS/MS analysis was performed on a Finni-
gan LTQ mass spectrometer (ThermoFisher, San Jose, Calif.)
equipped with a nanoelectrospray ion source. A full MS spec-
trum was collected (m/z 350-2000) followed by 8 MS/MS
spectra following CID (34% normalized collision energy) of
the most intense peaks. Dynamic exclusion was set at 2 for 30
seconds exclusion.

[0180] Two-dimensional RP/RP-HPLC separation of pep-
tides using an off-line mode was investigated recently and
provides increased practical peak capacity and flexibility>®
31. For off-line separations, an Agilent 1100 series with a
quaternary pump and variable wavelength detector (Semim-
icro flow cell) was used. 45 pl of the resuspended peptide
mixture was loaded onto a reverse-phase column (C18, 2.1x
150 mm, 5 pm, GraceVydac) using 5% of mobile phase C
(0.1% trifluoroacetic acid, TFA, in water) at a 100 pl/min flow
rate for fraction collection. The peptides were eluted in a 55
min linear gradient from 5 to 60% of mobile phase D (80%
ACN and 0.085% TFA in water), followed by a 10 min linear
gradient from 60 to 95% of mobile phase B and a 5 min hold
to flush the column. The eluent was monitored by UV absor-
bance detection at 215 nm and the fractions were collected
every 4 min. Five aliquots (F1: 15-32%, F2: 32-40%, F3:
40-45%, F4: 45-55%, and F5: 55-85% of mobile phase D) of
pooled fractions were dried under vacuum. For LC-MS/MS
analysis, the peptides were resuspended with 39 pl of mobile
phase A and 1 pl of mobile phase B and loaded onto the
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capillary C18 column in the pressure bomb for 10 min.
Resulting peptides were analyzed as described above via
LC-MS/MS except that the slope of the gradients were
reduced over a 70 minute period in the appropriate region
corresponding to the fraction (F1: 4-30%, F2: 9-35%, F3:
15-42%, F4: 20-55%, and F5: 28-85%)).

Data Analysis

[0181] The resulting data was searched against the non-
redundant mouse (Mus musculus, 11-7-04), rat (Rattus nor-
vegicus, 7-13-05), and combined human (Homo sapiens),
mouse, and rat (HMR, released on 7-13-05) database respec-
tively obtained from the National Center for Biotechnology
Information (NCBI) using the TurboSequest algorithm (Bio-
Works 3.1, Thermo Finnigan)®**3, as well as the reverse
mouse, rat, and HMR database to estimate the false positive
rate (FPR) and the false discovery rate (FDR) of peptide
identification (see Table 1). DTA files were generated for
spectra with a threshold of 15 ions and a TIC of 3e3. ZSA,
correct ion, combion, and ionquest were all applied over a
range of MH" 600-4000. The SEQUEST parameters were set
to allow 2.2 Da of precursor ion mass tolerance and 0.1 Da of
fragment ion tolerance with monoisotopic mass. Only strict
tryptic peptides were allowed with up to three missed internal
cleavage sites. Dynamic mass increases of 15.99 and 57.02
Da were allowed for oxidized methionine and alkylated cys-
teine respectively. In the cases where sites of N-linked gly-
cosylation were investigated with PNGaseF and '*O-water, a
dynamic mass increase of 3 Da was allowed for Asn resi-
dues®*. The results of the SEQUEST search were filtered to
establish the FPR and the FDR as summarized in Table 1. The
SEQUEST criteria were determined with FDR of less than
0.1% with the mouse database and 0.2% with the rat database
for proteins identified by 2 unique peptides. More stringent
SEQUEST criteria were established for one peptide assign-
ments with FDR of below 1% with both databases. For the
RP-RP analysis, the five SEQUEST directories were com-
bined and then filtered after redundant peptides were removed
manually. iProtein was used to inspect mouse data in terms of
secretion signals and localization (a program written by
Dawei Lin (web-interface in process) that queries and stores
localization information for an entire user-defined database
by both SignalP (on the world wide web at cbs.dtu.dk/ser-
vices/SignalP) and PsortII (psort.nibb.ac.jp/form2.html) and
then allows filtered Sequest output files to be screened in a
single step and exports the localization data with the sequest
data in an excel compatible format).

Results

Elevation of the O-GlcNAc¢ Modification via the Induction of
Insulin Resistance

[0182] Elevation in O-GlcNAc levels has previously been
correlated with insulin resistance and the diabetic condition’
8,9,35-40. Furthermore, induction of insulin resistance in 3T3-
L1 adipocytes by hyperglycemia and chronic insulin expo-
sure elevates O-GlcNAc levels''. We have previously shown
that elevation of O-GlcNAc levels with the O-GIlcNAcase
inhibitor PUGNAc induces insulin resistance’'. Both insulin
resistant conditions (classical hyperglycemia combined with
chronic insulin exposure and PUGNAc treatment) elevate
O-GleNAc levels significantly in mouse immortalized and rat
primary adipocytes (FIG. 1). The induction of classical insu-
lin resistance has been shown to modulate multiple adipocy-
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tokines and O-GIcNAc has been implicated in regulating
leptin and adiponectin®!5232** The present results illus-
trate that the induction of either insulin resistant condition
elevates O-GlcNAc levels in both immortalized and primary
rodent adipocytes.

Analysis of the Secreted Proteome from Differentiated 3T3-
L1 and 3T3-F442A Adipocytes

[0183] Two immortalized mouse pre-adipocyte cell lines
(3T3-L1 and 3T3-F442A) were differentiated into adipocytes
using standard methodologies. Adipocytes were then main-
tained with serum in either physiological glucose (LG, low
glucose) in the presence or absence of PUGNAc (PUG) or
shifted to hyperglycemic (HG, high glucose) conditions with
or without chronic insulin (I/Ins) exposure for 24 hours (FIG.
2). The resulting cells were washed extensively with PBS and
identical serum-free medium was replaced onto the cells and
cells maintained for an additional 16 hours.

[0184] The proteins secreted into the medium during this
16 hour period were collected and processed for analysis by
LC-MS/MS. The mass spectra acquired from equivalent nor-
malized aliquots, for quantification by protein coverage, were
searched against a mouse non-redundant database using
SEQUEST. False-discovery rates were calculated using a
reversed database (Table 1, FIG. 5) and all analysis was
performed in at least quintuplicate with a new set of cells each
time. Each protein identified was assigned a cellular location
using PSORT I1 and SignalP*?. Because of the large dataset (a
total of 50 LC-MS/MS experiments) and the secreted pro-
teome being contaminated by abundant intracellular proteins
due presumably to cell lysis, we designed a bioinformatics
tool named iProtein that uses pre-calculated databases gen-
erated from PSORT II and SignalP for assigning localization
(manuscript in preparation). We also validated the secreted
proteins using Bioinformatic Harvester (website: harvester.
embl.def), the Human Protein Reference Database (using the
equivalent human protein when available, at the website:
hprd.org/), and the literature'®-°. More than half of all the
proteins identified appeared to be abundant intracellular pro-
teins suggesting cell lyses during the incubation period. Thus,
we performed a shotgun proteomics experiment on cells pur-
posely lysed by scraping in ammonium bicarbonate to iden-
tify and easily remove from the secreted proteome list abun-
dant intracellular proteins (data not shown). In total, under all
conditions, we assigned 97 proteins as being secreted from
3T3-derived adipocytes. 43 of these proteins had been previ-
ously described in other proteomic studies'®2°, while 54
proteins were novel in terms of being defined as being
secreted from 3T3-derived adipocytes (Table 2, FIG. 6).
[0185] Multiple methodologies exist for protein quantifica-
tion including isotopic and non-isotopic methods***°. To
identify proteins that were significantly altered in expression,
we identified the total number of unique peptides assigned to
each protein in each experiment. An average number of
unique peptides were calculated for each protein assigned
under the different growth conditions based on the 5 indepen-
dent experiments under identical conditions. Shown in Table
3 (FIG. 7) are the 8 proteins whose average number of unique
peptides changed by at least 2.5-fold between the insulin
responsive (LG) versus both of the two different insulin resis-
tance conditions (HG+I and PUG). Also identified were pro-
teins whose abundance only changed under one of the insulin
resistant conditions as well as comparisons induced by insu-
lin in low glucose and high glucose alone compared to low
glucose conditions.
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Quantitative Analysis of the Secreted Proteome from Differ-
entiated Primary Rat Adipocytes by LC-MS/MS and 2D-LC-
MS/MS

[0186] Given that the 3T3 cell lines are an immortalized
cell line, have been cultured under high glucose conditions for
multiple passages through the years, and that cell lysis was
relatively high in these cells, we decided to investigate the
secreted proteome of primary rat adipocytes. The secreted
proteomes of primary rat adipocytes were harvested under
three conditions; two insulin resistance conditions (HG+I and
PUG) and one insulin responsive (LG) condition were used.
All analysis was carried out on three independently grown
and harvested populations for each condition. Once tryptic
peptides were generated a fraction of each sample was ana-
lyzed by LC-MS/MS essentially as described for the 3T3-
derived proteome. The remaining peptides were separated
off-line by reverse-phase chromatography and combined into
5 fractions. Each fraction was analyzed by LC-MS/MS with
ashallow gradient corresponding to where the peptides eluted
in the off-line chromatography. Thus for each independent
sample 6 LC-MS/MS experiments were performed (FIG. 3).
For each condition performed in triplicate there was 18 LC-
MS/MS experiments conducted for a total of 54 LC-MS/MS
experiments in the complete set. Combining LC-MS/MS and
2D-LC-MS/MS analyses for all conditions following strin-
gent filtering (see Table 1, FIG. 5) allowed us to assign 203
proteins to the secreted proteome of rat primary adipocytes.
Importantly, approximately 75% of the identified proteins in
the secreted proteome could be clearly defined as being
secreted and not contaminants from cell lysis (compared to
30-35% of the proteins identified in the 3T3-based experi-
ments). Two dimensional analysis increased the total number
of unique peptides by slightly more than 2-fold that greatly
aided in confident assignments. A total of 132 of these
secreted proteins were not identified in previous proteomic
screens for secreted proteins from rat primary adipocytes
(Table 4, FIG. 8'%).

[0187] Next, we wanted to compare the secreted proteomes
from the two insulin resistant conditions to the insulin respon-
sive conditions. For LC-MS/MS quantitative analysis, we
used the number of unique peptides assigned to a protein and
area under the peak for normalized reconstructed ion chro-
matograms of individual peptides that were identified in both
conditions. Since we used two different methods for relative
quantifications we set our threshold for reporting differences
at 150%. For most proteins observed, both methods showed
similar trends once the threshold of 1.5 fold change was used.
For the two-dimensional analysis, the combined datasets
were compared at the level of unique peptides alone to deter-
mine proteins showing a change of at least 150%. Reported in
table 5 (FIG. 9) are the twenty proteins that changed secretion
levels by at least 1.5 fold under both insulin resistant condi-
tions using both LC-MS/MS shotgun data and the two-di-
mensional data or at least 2 fold change for both conditions
under one of the experimental approaches when compared to
the insulin responsive condition. Due to the difficulty of
assigning unique peptides to specific collagen isoforms (that
share high amino acid identity), these proteins are not
reported in table 5.

N-Glycan Site Mapping of the Secreted Proteome of Rodent
Adipocytes

[0188] Since the majority of secreted proteins are glyco-
proteins, one sample from each condition for both mouse and
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rat adipocytes was treated with PNGaseF in '®O-water to
convert the glycan-modified Asn to an **O-Asp residue (mass
shift of 3 daltons). These experiments were performed to
increase coverage (unique proteins identified in this manner
are included in the previous data shown in terms of perform-
ing relative quantification) and serve as the first step towards
identifying possibly unique glycoforms of these potential
biomarkers. In mouse immortalized adipocyte and rat pri-
mary adipocyte secreted proteomes, without enrichment, we
were able to identify 37 sites on 21 proteins and 48 sites on 30
proteins of N-linked glycosylation, respectively (Table 6,
FIG. 10). Care was taken to avoid *®0 incorporation into the
C-terminus of peptides by residual trypsin as previously
described®. All modified asparagine residues were in the
consensus sequence, N-X-S/T, for N-linked glycosylation,
adding further proof that our filtering of assignments was
sufficiently strict to properly assign peptides and sites of
modification.

Discussion

[0189] Using a combination of cell lines and growth con-
ditions, we have more completely defined the secreted pro-
teome of rodent adipocytes. More complete characterization
of this secretome should facilitate understanding the central
role that adipocytokines play in regulating a variety of pro-
cesses including energy homeostasis, host defense mecha-
nisms, and insulin sensitivity. Furthermore, this work may aid
in the detection and treatment of multiple disease states such
as metabolic syndrome, cardiovascular disease, and type 11
diabetes. Mouse models, especially the adipose-specific
Glut4 ablation and overexpression animals, clearly highlight
the importance of adipose tissue not only in glucose uptake in
that tissue but in whole body insulin action and resistance*”"
so. The ability of adipose tissue to alter insulin sensitivity in
other tissues is likely explained by the endocrine nature of
adipocytes. Thus, in an effort to identify potential key signal-
ing molecules, we have begun to explore changes in the
secreted proteome of adipocytes when the cells are shifted
from being insulin responsive to insulin resistant. Also, given
that sugar metabolism is central to diabetes and because we
are studying secreted proteins, we have reported preliminary
efforts to map some of the N-glycosylation sites but this will
need to be focused on in more detail in efforts beyond the
scope of this paper to determine if complex glycosylation is
being modulated by intracellular glycosylation and/or insulin
responsiveness.

[0190] Multiple hypotheses have been put forth for the
generation of insulin resistance in cells. One model is that
cells detect high glucose levels indirectly through generation
of UDP-GlcNAc via the hexosamine biosynthetic pathway
and down regulate their sensitivity to insulin*3?-332, Recent
work by our group and others has demonstrated that the
mechanism by which UDP-GlcNAc levels impinge on insulin
signaling is likely controlled via O-GlcNAc modification of
nuclear and cytosolic proteins®''=>. Given that elevation of
O-GlcNAc levels on intracellular proteins via pharmacologi-
cal inhibition of O-GlcNAcase with PUGNAc alone is suffi-
cient to induce insulin resistance®’, provided us with two
different means of inducing insulin resistance in rodent adi-
pocytes in culture. Furthermore, leptin and adiponectin have
previously been shown to be regulated at the transcriptional
level by hexosamine flux, and mice overexpressing the
O-GlcNAc transferase in skeletal muscle and adipose tissue
display hyperleptinemia®>***. Therefore, we decided to
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focus on secreted proteins that were regulated in a like man-
ner when insulin resistance was produced by either PUGNAc
treatment or a combination of hyperglycemia and hyperin-
sulinemia. Defining this subset of proteins lays the initial
groundwork for testing whether any or all of these proteins
are potential diagnostic/therapeutic biomarkers for multiple
metabolic diseases such as cardiovascular disease and type 11
diabetes. In fact, several of the proteins we have identified
have already been implicated in complications associated
with metabolic disease. This data also serves to further illus-
trate that multiple changes that occur under classical insulin
resistance can be recapitulated simply by elevating intracel-
lular glycosylation. Given that elevated O-GIcNAc levels
impinge on insulin-dependent glucose uptake and modulate
adipocytokine secretion combined with the recent finding
that a SNP in OGA (O-GlcNAcase), the neutral, nuclear and
cytoplasmic  N-acetylglucosaminidase responsible for
removing O-GIlcNAc from intracellular proteins, correlates
strongly with diabetes in Mexican Americans>*, highlights
the importance of understanding this modification as it relates
to diabetes. It further demonstrates the potential for modula-
tion of O-GlcNAc levels as a possible therapeutic target in the
treatment of insulin resistance-associated diseases such as
metabolic syndrome and type II diabetes and their resulting
complications.

[0191] Inthe3T3 system, weidentified nine proteins whose
steady state levels in the secreted media changed, compared
to low glucose, when cells were shifted to either of the insulin
resistant conditions. Several of these proteins have previously
been associated with Type II diabetes or known complica-
tions arising from the induction of insulin resistance. For
example, hippocampal cholinergic neurostimulating protein
(HCNP), thatis upregulated (Table 3), has been shown to play
a cardioinhibitory role and cardiovascular disease is the lead-
ing cause of death in Type II diabetics®>. Furthermore, HCNP
in the CSF has been associated with Alzheimer’s disease and
insulin resistance increases the risk of Alzheimer’s disease’S.
Further, HCNP has been linked with depression which is a
disorder increased in obese and diabetic individuals®’. Also,
angiotensin, that is upregulated (Table 3, FIG. 7), and matrix
metalloproteinase 2 (MMP-2) (that is downregulated) have
been extensively linked to macro- and microvasular diseases
commonly seen in diabetic patients>®. Further, angiotensin
itself has been shown to regulate certain adipocytokines as
well as being linked to diabetic retinopathy and nephropa-
thy>®. Laminins, such as B1 seen in Table 3 (FIG. 7), have
been implicated in diabetic nephropathy®’. In the 3T3 system,
as well as the primary adipocytes, an increase in adiponectin
was detected. This is consistent with the findings of Hess and
colleagues'®, and may indicate that adiponectin, that is
known to be suppressed in rodent models of chronic insulin
resistance®, is upregulated initially upon insulin resistance
(in an attempt to improve insulin sensitivity?) and later down-
regulated. Finally, cyclophilin A overexpression, as seen in
Table 3, has been linked to pancreatic cancer®?, and type II
diabetes, obesity, and insulin resistance increase the inci-
dence rate of this malignancy®*.

[0192] Duemainly to the decrease in intracellular contami-
nation and the increased depth of analysis afforded by mul-
tidimensional chromatography, we were able to explore the
secreted proteome of primary adipocytes in more detail. This
is ideal, as unlike 3T3-derived adipocytes, these cells more
closely resemble in vivo conditions in that they are not
immortal nor have they been passaged under hyperglycemic
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conditions for long periods of time. Several more insulin
resistance-regulated proteins were detected in the rat primary
adipocyte secretome. Interestingly, in general, detected pro-
tease inhibitors appeared to be upregulated while proteases
were downregulated. Similar to the 3T3 cells, we noted sev-
eral proteins (Table 5, FIG. 9) that were regulated in a similar
fashion via the induction of insulin resistance using classical
methods (hyperglycemia and chronic insulin) and through the
elevation of intracellular glycosylation (PUGNACc treatment).
Included on this list of regulated proteins were slit homolog 3
and fibulin-2, both of which were downregulated and have
been associated with angiogenesis®*°*. We also saw upregu-
lation of lipoprotein lipase which is involved in breaking
down bloodstream fat®S. Multiple proteins involved in oxida-
tive stress and the immune response were also regulated
including C6, gelsolin, MASP-3, secretory superoxide dis-
mutates, and thioredoxin. Furthermore, upregulation of pro-
teins involved in extracellular and tissue remodeling such as
GP-39, spondin, and protein-S was observed. Interestingly,
the cholesterol-binding protein NPC2 was upregulated under
both insulin resistance conditions. Finally, upregulation was
observed for ceruloplasmin and it has previously been
observed that mutations in this gene lead to a diabetic pheno-
typ s

[0193] These experiments serve to identify possible prog-
nostic/diagnostic markers for metabolic syndrome (insulin-
resistance syndrome), type II diabetes, and complications
such as cardiovascular disease resulting from these condi-
tions. Future work is aimed at determining whether steady-
state levels of these proteins are altered in the serum of rodent
models of diabetes and patients diagnosed with metabolic
syndrome, type II diabetes, or resulting complications. Fur-
thermore, given that intracellular elevation of O-GlcNAc lev-
els is modulating the secretion of many of these proteins, the
mechanism of action is being investigated. The majority of
adipocytokines studied to date are regulated at the level of
transcription and O-GleNAc is known to modify and modu-
late the activity of a number of transcription factors®®. Alter-
natively, O-GlcNAc has been shown to regulate the insulin
pathway upstream of AKT and therefore an indirect mode of
action may be occurring''. Understanding how perturbations
in O-GlcNAc levels, that appear to play a major role in several
key aspects of insulin-resistance, are altering the normal pro-
cesses of adipocytes may provide novel insights into prog-
nostics, diagnostics, and therapeutics for metabolic syn-
drome, type II diabetes, and the associated complications of
these debilitating diseases.

[0194] Supporting Information Available: Supporting
information referenced herein is available as an excel file.
This information is available free of charge at the website:
pubs.acs.org. See, “Defining the Regulated Secreted Pro-
teome of Rodent Adipocytes Upon the Induction of Insulin
Resistance”, by Jae-Min Lim, et al.
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1. A method of diagnosing metabolic syndrome or type 2
diabetes in a patient at risk comprising measuring the con-
centration of at least one polypeptide marker selected from
the group consisting of Lipoprotein lipase, Quiescin Q6,
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Cathepsin B, Complement Component 6, Hippocampal Cho-
linergic Neurostimulating Protein (HCNP), Serine Protease
Inhibitor 2C, Adiponectin, Angiotensinogen (angiotensin),
Cyclophilin A, Laminin B1 subunit 1, cartilage glycoprotein
39, complement factor MASP-3 (MASP-3), Niemann-Pick
disease type C2 isoform CRA_b (NPC2), Tetranectin, tissue
inhibitor of metalloproteinase 2 (TIMP2), Superoxide dismu-
tase secreted, and Spondin 1, in a biological sample obtained
from a patient, and comparing the concentration of the mea-
sured polypeptide marker(s) from said patient to a predeter-
mined value, wherein the concentration of said measured
polypeptide markers at a level above or below a control is
evidence of metabolic syndrome or type 2 diabetes; and diag-
nosing said patient as having metabolic syndrome or type 2
diabetes.

2. The method according to claim 1 wherein said polypep-
tide biomarkers comprise at least two of said polypeptide
markers.

3. The method according to claim 1 wherein said polypep-
tide biomarkers comprise at least three of said polypeptide
markers.

4. The method according to claim 1 wherein said polypep-
tide biomarkers comprise at least four of said polypeptide
markers.

5. The method according to claim 1 wherein said polypep-
tide biomarkers comprise at least five of said polypeptide
markers.

6. The method according to claim 1 wherein said polypep-
tide biomarkers comprise at least six of said polypeptide
markers.

7. The method according to claim 1 wherein said polypep-
tide biomarkers comprise at least ten of said polypeptide
markers.

8-12. (canceled)

13. The method according to claim 1 where said polypep-
tide biomarker is at least one biomarker selected from the
group consisting of Lipoprotein lipase, Quiescin Q6, Cathe-
psin B, Complement Component 6, Hippocampal Cholin-
ergic Neurostimulating Protein (HCNP) and Serine Protease
Inhibitor 2C.

14. The method according to claim 1 wherein at least four
of'said biomarkers are measured and a diagnosis of metabolic
syndrome or type 2 diabetes is made if the concentration of at
least half of said biomarkers is above a control.

15. The method according to claim 1 which diagnoses
metabolic syndrome in said patient.

16. The method according to claim 15 which diagnoses
type 2 diabetes in said patient.

17. A method of monitoring the therapy for metabolic
syndrome or type 2 diabetes in a patient in need thereof
comprising obtaining a biological sample from said patient
and measuring the expression of one or more polypeptide
biomarkers Lipoprotein lipase; Quiescin Q6, Cathepsin B,
Complement Component 6, Hippocampal Cholinergic Neu-
rostimulating Protein (HCNP), Serine Protease Inhibitor 2C;
Adiponectin, Angiotensinogen (angiotensin), Cyclophilin A,
Laminin B1 subunit 1, cartilage glycoprotein 39, complement
factor MASP-3 (MASP-3), Niemann-Pick disease type C2
isoform CRA_b (NPC2), Tetranectin, tissue inhibitor of met-
alloproteinase 2 (TIMP2), Superoxide dismutase secreted,
and Spondin 1, wherein a measured concentration of said
polypeptide biomarker(s) above or below a control is evi-
dence of effective or favorable therapy.

18-28. (canceled)
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29. The method according to claim 17 where said polypep-
tide biomarker is at least one biomarker selected from the
group consisting of Lipoprotein lipase, Quiescin Q6, Cathe-
psin B, Complement Component 6, Hippocampal Cholin-
ergic Neurostimulating Protein (HCNP) and Serine Protease
Inhibitor 2C.

30. The method according to claim 17 wherein at least four
of said biomarkers are measured and a diagnosis of metabolic
syndrome or type 2 diabetes is made if the concentration of at
least half of said biomarkers is above or below a control.

31. A method of determining whether a patient is in remis-
sion or cured from metabolic syndrome or type 2 diabetes
comprising obtaining a biological sample from said patient
and monitoring one or more polypeptide biomarkers selected
from the group consisting of Lipoprotein lipase; Quiescin Q6;
Cathepsin B; Complement Component 6; Hippocampal Cho-
linergic Neurostimulating Protein (HCNP); Serine Protease
Inhibitor 2C; Adiponectin; Angiotensinogen (angiotensin);
Cyclophilin A; Laminin B1 subunit 1; cartilage glycoprotein
39; complement factor MASP-3 (MASP-3); Niemann-Pick
disease, type C2, isoform CRA_b (NPC2); Tetranectin; tissue
inhibitor of metalloproteinase 2 (TIMP2); Superoxide dismu-
tase secreted; and Spondin 1, wherein an expression at, above
or below a control level is evidence of a remission or cure of
the condition or disease state.

32. The method according to claim 31 wherein said one or
more polypeptide markers is selected from the group consist-
ing of Lipoprotein lipase, Quiescin Q6, Cathepsin B,
Complement Component 6, Hippocampal Cholinergic Neu-
rostimulating Protein (HCNP) and Serine Protease Inhibitor
2C.

33. The method according to claim 31 wherein at least four
of said biomarkers are measured and a diagnosis of a cure or
remission of metabolic syndrome or type 2 diabetes is made
if the concentration of at least half of said biomarkers is at,
above or below a control.

34. The method according to claim 32 wherein at least four
of said biomarkers are measured and a diagnosis of a cure or
remission of metabolic syndrome or type 2 diabetes is made
if the concentration of at least half of said biomarkers is at or
below a control.

35. A method of identifying a potential agent for the treat-
ment of metabolic syndrome or type 2 diabetes comprising
exposing adipocytes to a concentration of a drug to be tested
and measuring the expression of one or more polypeptide
biomarkers selected from the group consisting of Lipoprotein
lipase, Quiescin Q6, Cathepsin B, Complement Component
6, Hippocampal Cholinergic Neurostimulating Protein
(HCNP), Serine Protease Inhibitor 2C, Adiponectin, Angio-
tensinogen (angiotensin), Cyclophilin A, Laminin B1 subunit
1, cartilage glycoprotein 39, complement factor MASP-3
(MASP-3), Niemann-Pick disease type C2 isoform CRA_b
(NPC2), Tetranectin, tissue inhibitor of metalloproteinase 2
(TIMP2), Superoxide dismutase secreted, and Spondin 1,
wherein an expression which is above or below a control
sample is evidence that the drug exhibits potential as an agent
in the treatment of metabolic syndrome or diabetes.

36. The method according to claim 35 wherein said one or
more polypeptide markers is selected from the group consist-
ing of Lipoprotein lipase, Quiescin Q6, Cathepsin B,
Complement Component 6, Hippocampal Cholinergic Neu-
rostimulating Protein (HCNP) and Serine Protease Inhibitor
2C.
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37. The method according to claim 35 wherein said adipo-
cytes to be exposed to drug are engineered to produce con-
centrations of more or less of at least one polypeptide biom-
arker than a control adipocyte cell.

38. The method of claim 1 wherein said biological sample
is a blood, serum, plasm or urine sample obtained from said
patient.

39. The method according to claim 1 wherein said sample
is serum obtained from said patient.

40. The method according to claim 1 wherein said sample
is urine obtained from said patient.

41. A method of treating a patient with metabolic syndrome
or type 2 diabetes comprising diagnosing metabolic syn-
drome or type 2 diabetes using the method according to claim
1 and thereafter treating said patient with an exercise regimen,
a dietary regimen or a pharmaceutical regimen.

42. A method according to claim 1 wherein a diagnosis of
metabolic syndrome or type 2 diabetes in said patient is
further used to detect, diagnose and/or treat a condition or
disease state selected from the group consisting of obesity,
cardiovascular disease including atherosclerosis and hyper-
tension, pancreatic cancer, retinopathy, renal disease, erectile
dysfunction, dental disease, ketoacidosis, depression and
neuropathy.

43. A diagnostic kit for measuring the serum, plasma or
urine concentration of polypeptide biomarkers in a biological
sample obtained from a patient to be diagnosed, said kit
comprising a sterile vial or receptable for obtaining and/or
storing a biological sample from said patient, and an assay
comprising at least one antibody which is used to determine
the concentration in said sample of at least one polypeptide
biomarker selected from the group consisting of Lipoprotein
lipase, Quiescin Q6, Cathepsin B, Complement Component
6, Hippocampal Cholinergic Neurostimulating Protein
(HCNP), Serine Protease Inhibitor 2C, Adiponectin, Angio-
tensinogen (angiotensin), Cyclophilin A, Laminin B1 subunit
1, cartilage glycoprotein 39, complement factor MASP-3
(MASP-3), Niemann-Pick disease type C2 isoform CRA_b
(NPC2), Tetranectin, tissue inhibitor of metalloproteinase 2
(TIMP2), Superoxide dismutase secreted, and Spondin 1,
wherein said concentration in said sample is compared to a
control concentration.

44. The kit according to claim 43 wherein said at least one
polypeptide biomarker is selected from the group consisting
of Lipoprotein lipase, Quiescin Q6, Cathepsin B, Comple-
ment Component 6, Hippocampal Cholinergic Neurostimu-
lating Protein (HCNP) and Serine Protease Inhibitor 2C.

45. The kit according to claim 43 wherein said assay is a
colorimetric assay.

46. An assay for measuring the concentration in a biologi-
cal sample obtained from a patient to be diagnosed, of at least
one polypeptide biomarker selected from the group consist-
ing of Lipoprotein lipase, Quiescin Q6, Cathepsin B,
Complement Component 6, Hippocampal Cholinergic Neu-
rostimulating Protein (HCNP), Serine Protease Inhibitor 2C,
Adiponectin, Angiotensinogen (angiotensin), Cyclophilin A,
Laminin B1 subunit 1, cartilage glycoprotein 39, complement
factor MASP-3 (MASP-3), Niemann-Pick disease type C2
isoform CRA_b (NPC2), Tetranectin, tissue inhibitor of met-
alloproteinase 2 (TIMP2), Superoxide dismutase secreted,
and Spondin 1, said assay comprising at least one antibody
which is used to determine the concentration in said sample of
said at least one polypeptide biomarker.
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47. The assay according to claim 46 which compares said 49. The assay according to claim 46 which is a multiplex
concentration measured with a control concentration in order assay. ) ) o )
to facilitate diagnosis of metabolic syndrome or type 2 dia- 50. The assay according to claim 46 wherein said assay is

. . a colorimetric assay.
betes in said patient. 51-54. (canceled)

48. The assay according to claim 46 which is an ELISA
assay.
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