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CLAIMS

1. A method for identifying a modulator of a biclogical system, the method

comprising:

establishing a model for the biclogical system, using cells associated with the

biological system, to represents a characteristic aspect of the biological sygtem;

obtaining a first data set from the model, wherein the first daty/set represents

global proteomic changes in the cells associated with the biologicA system;

obtaining a second data set from the model, wherein e second data set
represents one or more functional activities or cellular respOnses of the cells associated
with the biological system, wherein said one or more fifictional activities or cellular
responses of the cells comprises global enzymatic apfivity and/or an effect of the global
enzyme activity on the enzyme metabolites or suifstrates in the cells associated with the

biological system;

generating a consensus causal relpfionship network among the global proteomic
changes and the one or more functiongl activities or cellular responses based solely on
the first and second data sets using4 programmed computing device, wherein the
generation of the consensus caugal relationship network is not based on any known

biological relationships othepihan the first and second data sets; and

identifying, fron¥the consensus causal relationship network, a causal relationship
unique in the biologigal system, wherein at least one enzyme associated with the unique

causal relationship/is identified as a modulator of the biological systen.

2. The method of claim 1, wherein the first data set further represents lipidomic

data charaglerizing the cells associated with the biological sysiem.

3. The method of claim 2, wherein the consensus causal relationship network is
geferated among the global proteomic changes, lipidomic data, and the one or more
unctional activities or cellular responses of the cells, wherein said one or more
functional activities cr cellular responses of the cells comprises global enzymatic
activity and/or the effect of the global enzymatic activity on at least one enzyme

metabolite or substrate.
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4, The method of claim 1, wherein the first data set further represents one or more
of lipidomic, metaboloniic, transcriptomic, genomic and SNP data characterizing the

cells associated with the biological system.

5. The method of claim 1, wherein the first data set further represents twg/or more
of lipidomic, metabolomic, transcriptomic, genomic and SNP data characterizing the

cells associated with the biological system.

6. The method of claims 4 or 5, wherein the consensus causal gelationship network
is generated among the global proleomic changes, the one or mgfe of lipidomic,
metabolomic, transcriptomic, genomic, and SNP data, and the one or more functional
activities or cellular responses of the cells, wherein said oge or more functional activities
or cellular responses of the cells comprises global enzyfMmatic activity and/or the effect of

the global enzymatic activity on at least one enzymg metabolite or substrate.

7. The method of any one of claims 1-6, wherein the global enzyme activity

comprises global kinase activity.

8. The method of any one of claiggs 1-7, wherein the effect of the global enzyme
activity on the enzyme metabolites gr substrates comprises the phospho proteome of the

cells.

9. The method of any ghe of claims 1-8, wherein the second data set representing
one or more functional gétivities or cellular responses of the cell further comprises one
or mofe of bioenergefdcs, cell proliferation, apoptosis, organellar function, cell
migration, tube fopnation, chenotaxis, extracellular matrix degradation, sprouting, and a
genotype-phengtype associate actualized by functional models selected from ATP, ROS,
OXPHOS, afid Seahorse assays.

10. ¢ method of claim 1-8, wherein the consensus causal relationship network is
gengrated among the global protecmic changes, the one or more of lipidomic,
etabolomic, transcriptomic, genomic, and SNP data, and the one or more functional
activities or cellular responses of the cells, wherein said cne or more functional activities
or cellular responses of the cells comprises global enzymalic aclivity and/or the effect of
the global enzymatic activity on at least one enzyme metabolite or substrate and further

comprises one or more of bioenergetics, cell proliferation, apoptosis, organellar
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function, cell migration, tube formation, chemotaxis, extracellular matrix degradation,
sprouting, and a genotype-phenotype associate actualized by functional models selecte

from ATP, ROS, OXPHOS, and Seahorse assays.

11.  The method of any one of claims 1-10, wherein the model of the biologj€al
system comprises an in vitro culture of cells associated with the biological system,

optionally further comprising a matching in vitro culture of control cells.

12. The method of claim 11, wherein the ir vitro culture of the cells is subject to an
environmental perturbation, and the in vitro culture of the matchirg control cells is

identical cells not subject to the environmental perturbation.

13. The method of claim 12, wherein the environmengl perturbation comprises one
or more of contact with a bioactive agent, a change in ulture condition, introduction of
a genetic modification / mutation, and introduction4f a vehicle that causes a genetic

medification / mutation.

14.  The method of claim 13, wherein th¢ environmental perturbation comprises

contacting the cells with an enzymatic aglivity inhibitor.

15. The method of claim 14, whérein the enzymatic activity inhibitor is a kinase

inhibitor.

16.  The method of claipf 13, wherein the environmental perturbation comprises

contacting the cells with/CoQ10.

17.  The method4f claim 14, wherein the environmental perturbation further

comprises contagfing the cells with CoQ10.

18.  The/method of claim 1, wherein the generaling slep is carried out by an arlificial

intelligepte (AI) -based informatics platform.

19. The method of claim 18, wherein the Al-based informatics platform receives all

ta inputl from the first and second data sets without applying a statistical cut-oll point.

20. The method of claim 1, wherein the consensus causal relationship network

established in the generating step is further refined to a simulation cansal relationship
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network, before the identifying step, by in silico simulation based on input data, to
provide a confidence level of prediction for one or more causal relationships within the

consensus causal relationship network.

21.  The method of claim 11, wherein the unique causal relationship is identified as

associated with the biological system, and absent in the matching control Ceils.

22.  The method of claim 12, wherein the unique causal relationsHip is identified as
part of a dilferential causal relationship network thal is uniquely gresent in cells subject

to the environmental perturbation, and absent in the matching €ontrol celis.

23, The method of any one of claims 1 to 22, whereirythe unique causal relationship
identified is a relationship between at least one pair sgiected from the group consisting
of expression of a gene and level of a lipid; expresgton of a gene and level of a
transcript; expression of a gene and level of a nyétabolite; expression of a first gene and
expression of a second gene; expression of a£ene and presence of a SNP; expression of
a gene and a functional activity; level of gAipid and level of a transcript; level of a lipid
and level of a metabolite; level of a firgt lipid and level of a second lipid; level of a lipid
and presence of a SNP; level of a ligld and a functional activity; level of a first transcript
and level of a second transcript; Yevel of a Lranscript and level of a meltabolite; level of a
transcript and presence of a SKP; level of a first transcript and level of a functional
activity; level of a first mefabolite and level of a second metabolite; level of a
metabolite and presencg of a SNP; level of a metabolite and a functional activity;
presence of a first SXP and presence of a second SNP; and presence of a SNP and a

functional activi

24,  The phethod of any one of claims 1 to 23, wherein the unique causal relationship
identified/is a relationship between at least a level of a lipid, expression of a gene, and

one o/more functional activities wherein the functional activity is a global kinase

25. A method for identifying a modulator of a disease process, the method

cOmprising;
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establishing a model] for the disease process, using disease related cells, to

represents a characteristic aspect of the disease process;

obtaining a first data set from the model, wherein the first data set represents

global proteomic changes in the disease related cells;

obtaining a second data set from the model, wherein the second dafi set
represents one or more functional activities or cellular responses of the Lells associated
with the biological system, wherein said one or more functional actj¥itics or celiular
responses of the ceils comprises global enzyme activity and/or ap'effect of the global

enzyme activity on the enzyme metabolites or substrates in the' disease related cells;

generating a consensus causal relationship netwogk among the global proteomic
changes and the one or more functional activities or cgllular responses of the cells based
solely on the first and second data sets using a progfammed computing device, wherein
the generation of the consensus causal relationsdip network is not based on any known

biclogical relationships other than the first apfd second data sets; and

identifying, from the consensus £ausal relationship network, a causal relationship
unique in the disease process, whereth at least one enzyme associated with the unique

causal relationship is identified aga modulator of the disease process.

26.  The method of claim/25, wherein the first data set further represents lipidomic

data characterizing the cells associated with the biological system.

27. The method @f claim 26, wherein the consensus causal relationship network is
generated amonghe global proteomic changes, lipidomic data, and the one or more
functional actj¥ities or cellular responses of the cells, wherein said one or more
functional aCtivities or cellular responses of the cells comprises global enzymatic
activity £nd/or an effect of the global enzyme activity on the enzyme metabolites or

subsifates in the disease related cells.

8. The method of claim 25, wherein the first da(a set further represents one or more
of lipidomic, metabolomic, transcriptomic, genomic and SNP data characterizing the

cells associated with the biological system.
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29.  The method of claim 28, wherein the first data set further represents two or more
of lipidomic, metabolomic, transcriptomic, genomic and SNP data characterizing the

cells associated with the biological system.

30.  The method of claim 28 or 29, wherein the consensus causal relationshj

network is generated among the global proteomic changes, the one or more 4f lipidomic,
metabolomic, transcriptomic, genomic and SNP data, and the one or mopé functional
activities or cellular responses of the cells, wherein said one or more finctional aclivilies
or cellular responses of the cells comprises global enzymatic activify and/or the effect of
the global enzymatic activity on at least one enzyme metabolitg/or substrate in the

disease related cells.

31. The method of any one of claims 25 to 30, wheptin the global enzyme activity
comprises global kinase activity, and wherein the effect of the global enzyme activity on

the enzyme metabolites or substrates comprises tHe phospho proteome of the cells.

32.  The method of any one of claims 2540 31, wherein the second data set
representing one or more functional acivifies or cellular resposes of the cell further
comprises one or more of bioenergetig, cell proliferation, apoptosis, organellar
function, cell migration, tube formgation, chemotaxis, extracellular matrix degradation,
sprouting, and a genolype-phenglype associale actualized by functional models selected
from ATP, ROS, OXPHOS, And Seahorse assays.

33.  The method of ¢faim 32, wherein the consensus causal relationship network is
generated among the/lobal proteomic changes, the one or more of lipidomic,
metabolomic, trap&criptomic, genomic and SNP data, and the one or more functional
activities or celular responses of the cells, wherein said one or more functional activities
or cellular gésponses of the cells comprises one or more of bioenergetics, cell
proliferafion, apoptosis, organellar function, cell migration, tube formation, chemotaxis,
extragellular matrix degradation, sprouting, and a genotype-phenotype associate

alized by functional models selected from ATP, ROS, OXPHOS, and Seahorse
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34.  The method of any of claims 25 to 33, wherein the disease process is cancer,
diabetes, obesity, cardiovascular disease, age related macular degeneration, diabetic

retinopathy, or inflammatory disease.

35. The method of any of claims 25 to 33, wherein the disease process conyprises

angiogenesis.

36.  The method of any of claims 25 to 33, wherein the disease progéss comprises
hepatocellular carcinoma, lung cancer, breast cancer, prostate cancef, melanoma,
carcinoma, sarcoma, lymphoma, leukemia, squamous cell carcindma, colorectal cancer,
pancreatic cancer, thyroid cancer, endometrial cancer, bladder cancer, kidney cancer, a

solid tumor, leukemia, non-Hodgkin lymphoma, or a drug/fesistant cancer.

37. The method of any of claims 25 to 33, whereir the disease model comprises an
in vitro culture of disease cells, optionally further gomprising a matching in vitro culture

of control or normal cells.

38. The method of claim 37, wherein the in vitro culture of the disease cells is
subject to an environmental perturbatign, and the in vitre culture of the matching control

cells is identical disease cells not sufject to the environmental perturbation.

39.  The method of claim 3§/ wherein the environmental perturbation comprises one
or more of contact with a bigactive agent, a change in culture condition, introduction of
a genetic modification / pdutation, and introducticn of a vehicle that causes a genetic

modification / mutati

40.  The methéd of claim 39, wherein the environmental perturbation comprises

contacting the/cells with an enzymatic activity inhibitor.

41. e method of claim 40, wherein the enzymatic activity inhibitor is a kinase

The method of claim 39, wherein the environmental perturbation comprises

contacting the cells with CoQ10.
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43, The method of claim 25, wherein the characteristic aspect of the disease process
comprises a hypoxia condition, a hyperglycemic condition, a lactic acid rich culture

condition, or combinations thereof.

44,  The method of claim 25, wherein the generating step is carried out by a

artificial intelligence (AI) -based informatics platform.

45.  The method of claim 25, wherein the Al-based informatics platfgrm receives all

data input from the firstand second data sets without applying a statigfical cut-off point.

46, The method of claim 25, wherein the consensus causal r¢lationship network
established in the generating step is further refined to a simul4tion causal relationship
network, before the identifying step, by in silice simulatipgh based on input data, to
provide a confidence level of prediction for one or mopt causal relationships within the

consensus cavsal relationship network.

47.  The method of claim 37, wherein the uAique causal relationship is identified as
part of a differential causal relationship net®ork that is uniquely present in model of

disease cells, and absent in the matching/control cells.

48.  The method of claim 38, whérein the unique causal relationship is identified as
part of a dillerential causal relalidnship network thal is uniquely present in cells subject

1o environmental pertubation/and absent in the matching control cells.

49. A method for ideftifying a modulator of a biological system, the method

comprising:

establishjfig a model for the biological system, using cells associated with the

biological sygtem, to represents a characteristic aspect of the biological system ;

taining a first data set from the model, wherein the first data set represents
globa! proteomic changes in the cells and one or more of lipidomic, metabolomic,
trafiscriptomic, genomic, and SNP data characterizing the cells associated with the

iological system;

obtaining a second data set from the model, wherein the second data set

represents one or more functional activities or cellular responses of the cells associated
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with the biological system, wherein said one or more functional activities or cellular
responses of the cells comprises global kinase activity and/or an effect of the global
kinase activity on the kinase metabolites or substrates in the cells associated with

biological system;

generating a consensus causal relationship network among the globgt proteomic
changes, the one or more of lipidomic, metabolomic, transcriptoniic, genémic, and SNP
data, and the one or more functional activilies or cellular responses baéed solely on the
first and second data sets using a programmed computing device, wherein the generation
of the consensus cavusal relationship network is not based on any known biological

relationships other than the first and second data sets; and

identitying, from the consensus causal relationsiip network, a causal relationship
unique in the biclogical system, wherein at least ong/kinase associated with the unique

causal relationship is identified as a modulator ofthe biclogical system.

50. A method for treating, alleviating a g¢mptom of, inhibiting progression of,
preventing, diagnosing, or prognosing a ¢isease in a mammalian subject, the method

comprising:

administering to the manyhal in need thereof a therapeutically effective amount
of a pharmaceutical compositjén comprising a biologically active substance that affects
the modulator identified byany one of claims 1-48, thereby treating, alleviating a
symptom of, inhibiting grogression of, preventing, diagnosing, or prognosing the

disease.

51. A method of diagnosing or prognosing a disease in a mammalian subject, the

method compfising:

ctermining an expression or activity level, in a biological sample obtained from

the sMbject, of one or more modulators identified by any one of claims 1-48; and

comparing the level in the subject with the level of expression or activity of the

one or more modulators in a control sample,

wherein a difference between the level in the subject and the level of expression

or activity of the one or more modulators in the control sample is an indication that the
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subject is afflicted with a disease, or predisposed to developing a disease, or responding
favorably to a therapy for a disease, thereby diagnosing or prognosing the disease in th

mammalian subject.

52. A method of identifying a therapeutic compound for treating, alleviating’a
symptom of, inhibiting progression of, or preventing a disease in a mammali4n subject,

the method comprising:
contacting a biological sample from a mammalian subject with a test compound;

determining the level of expression, in the biological sapiple, of one or more

modulators identified by any one of claims 1-48;

comparing the level of expression of the one or piore modulators in the

biological sample with a control sample not contactgd by the test compound; and

selecting the test compound that modulafes the level of expression of the one or

more modulators in the biological sample,

thercby identifying a therapeutigZcompound for treating, alleviating a symptom

of, inhibiting progression of, or prevénling a disease in a mammalian subject.

53. A methed [or treating, afleviating a symptom of, inhibiling progression of, or

preventing a disease in a magfimalian subject, the method comprising:

administering tofhe mammal in need thereof a therapeutically effective amount
of a pharmacentical gbmposition comprising the therapeutic compound of claim 52,
thereby treating, sfleviating a symptom of, inhibiting progression of, or preventing the

disease.

54. A pnethod for treating, alleviating a symptom of, inhibiting progression of, or

preventng a disease in a mammalian subject, the method comprising:

administering to the mammal in need thereof a therapeutically effective amount
of a pharmaceutical composition comprising a biologically active substance that affects
expression or activity of any one or more of TCOF1, TOP2A, CAMK2A, CDKI,
CLTCL1, EIF4AG1, ENOI1, FBL, GSK3B, HDLBP, HIST1IH2BA, HMGB2, HNRNPK,
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HNRPDL, HSPA9, MAP2K2, LDHA, MAP4, MAPK1, MARCKS, NME1, NME2,
PGK1, PGK2, RAB7A, RPL17, RPL2§, RPS5, RPS6, SLTM, TMED4, TNRCBA,
TUBB, and UBE21,

thereby treating, alleviating a symptom of, inhibiting progression of, or,

preventing the disease.
55.  The method of claim 54, wherein the disease is hepatocellular cArcinoma.

56. A method of diagnosing or prognosing a disease in a mampfalian subject, the

method comprising:

determining an expression or activity level, in a biglogical sample obtained from
the subject, of any one or more proteins of TCOF1, TOP2A, CAMK2A, CDK1,
CLTCL1, EIF4G1, ENOI, FBL, GSK3B, HDLBP, HISTIH2BA, HMGB2, HNRNPK,
HNRPDL, HSPA9, MAP2K2, LDHA, MAP4, MAPK1, MARCKS, NME!, NME2,
PGK1, PGK2, RAB7A, RPL17, RPL2E, RPS5/RPS6, SLTM, TMED4, TNRCBA,
TUBB, and UBE21; and

comparing the level in the subjgct with the level of expression or activity of the

one or more proteins in a control saple,

wherein a difference befween the level in the subject and the level of expression
or aclivity of the one or mopé proteins in the contrel sample is an indication that the
subject is afflicted with g/disease, or predisposed to developing a discase, or responding
favorably to a therapyAor a disease, thereby diagnosing or prognosing the disease in the

mammalian subjecy

symptgm of, inhibiting progression of, or preventing a disease in a mammalian subject,

the snethod comprising:

contacting a biological sample from a mammalian subject with a test compound;
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determining the level of expression, in the biological sample, of any one or more
proteins of TCOF1, TOP2A, CAMK2A, CDK1, CLTCLI, EIF4AG1, ENOI, FBL,
GSK3B, HDLBP, HIST1H2BA, HMGB2, HNRNPK, HNRPDL, HSPA9, MAP2
LDHA, MAP4, MAPKI1, MARCKS, NME1, NME2, PGK1, PGK2, RAB7A, RPK.17,
RPL28, RPS5, RPS6, SLTM, TMED4, TNRCBA, TUBB, and UBE21;

comparing the level of expression of the one or more proteins in tje biological

sample with a control sample not contlacied by the test compound; an

selecting the test compound that modulates the level of exgression of the one or

more proteins in the biological sample,

thereby identifying a therapeutic compound for tredting, alleviating a symptom

of, inhibiting progression of, or preventing a disease irya mammualian subject.
59, The method of claim 58, wherein the disegée is hepatocellular carcinoma.

60. A method for treating, alleviating a syfnptom of, inhibiting progression of, or

preventing a disease in a mammalian subjgct, the method comprising:

administering 10 the mammal4n need thereof a therapeulically effeclive amount
of a pharmaceutical composition ¢omprising the therapeutic compound of claim 58§,
thereby treating, alleviating a symptom of, inhibiting progression of, or preventing the

disease.

61. A method for igéntifying a modulator of angiogenesis, said method comprising:

first dapa set represents one or more of genomic data, lipidomic data, proteomic data,
metgbolomic data, transcriptomic data, and single nucleotide polymorphism (SNP) data

claracterizing the cells associated with angiogenesis;

) obtaining a second data set from the model for angiogenesis, wherein the

second data set represents one or more functional activities or cellular responses of the
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cells associated with angiogenesis;

(4 generating a consensus causal relationship network among the one or

cells associated with angiogenesis based solely on the first data set and thé second data
sel using a programmed computing device, wherein the generalion of fie consensus
causal relationship network is not based on any known biological refationships other

than the first data set and the second data set;

(5) identifying, from the consensus causal relatignship network, a causal
relationship unique in angiogenesis, wherein a gene, lipid, protein, metabolite, transcript,
or SNP associated with the unique causal relationship/is identified as a modulator of

angiogencsis.
62. A method for identifying a modulator4f angiogenesis, said method comprising:

) cstablishing a modcl for gfigiogenesis, using cells associated with

angiogenesis, to represents a charactefistic aspect of angiogenesis;

@ oblaining a first d4la sel [rom the model for angiogenesis, wherein the

first data set represents lipidopic data;

3 obtaining A sccond data set from the model for angiogenesis, wherein the
second data set represgnts one or more functional activities or a cellular responses of the

cells associated wigh angiogenesis;

4 generating a consensus causal relationship network among the lipidomics
data and th¢ one or more functional activities or cellular responses based solely on the
first data’set and the second data set using a programmed computing device, wherein the
genepition of the consensus causal relationship network is not based on any known

bidlogical relationships other than the first data set and the second data set;

(5)  idenlilying, [rom the consensus causal relationship network, a causal
relationship unique in angiogenesis, wherein a lipid associated with the unique causal

relationship is identified as a modulator of angiogenesis.
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63.  The method of claim 61 or 62, wherein the second data set representing one or
more functional activities or cellular responses of the cells associated with angiogeensi
comprises global enzymatic activity and/or an effect of the global enzymatic activity/on

the enzyme metabolites or substrates in the cells associated with angiogenesis.
64. A methed for identifying a modulator of angiogenesis, said method ¢gédmprising:

n establishing a model for angiogenesis, using cells associgted with

angiogenesis, to represent a characteristic aspect of angiogenesis;

) obtaining a first data set from the model for angibgenesis, wherein the
first data set represents one or more of genomic data, lipidopfic data, proteomic data,
metabolic data, transcriptomic data, and single nucleotide/polymorphism {SNP) data

characterizing the cells associated with angiogenesis;

3) obtaining a second data set from the model for angiogenesis, wherein the
second data set represents one or more functioffal activities or cellular responses of the
cells associated with angiogenesis, wherein/he one or more functional activities or
cellular responses comprises global enzyfatic activity and/or an effect of the global
enzymatic activity on the enzyme metabolites or substrates in the cells associated with

angiogenesis;

4) generating a gonsensus causal relationship network among the one or
more of genomic data, lipjdomic data, proteomic data, metabolic data, transcriptomic
data, and single nuclecgdde polymorphism (SNP) data characterizing the cells associated
with angiogenesis afd the one or more functional activities or cellular responses of the
cells associated with angiogenesis based solely on the first data set and the second data
set using a pregrammed computing device, wherein the generation of the consensus
causal relagonship network is not based on any known biological relationships other

than the first data set and the second data set;

3) identifying, from the consensus causal relationship network, a causal
rélationship unique in angiogenesis, wherein an enzyme associated with the unique

causal relationship is identified as a modulator of angiogenesis.
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65.  'The method of claim 63 or 64, wherein the global enzyme activity comprises
global kinase activity and an effect of the global enzymatic activity on the enzyme
metabolites or substrates in the cells associated with angiogenesis comprises the

phosphoproteome of the cell.

66.  The method of claim 63 or 64, wherein the global enzyme activity cofprises

global protease activity.

67. The method of any one of claims 61 to 66, wherein the modator stimulates or

promoles angiogenesis.

08. The method of any one of claims 61 to 66, wherein ({e modulator inhibits

angiogenesis.

69.  The method of any one of clainis 61 to 68, wherein the model for angiogenesis
comprising cells associated with angiogenesis is gelected from the group consisting of an
in vitro cell culture angiogenesis model, rat agfta microvessel model, newborn mouse
retina model, chick chorioallantoic membrane (CAM) model, corneal angiogenic growth
factor pocket madel, subcutancous sponde angiogenic growth factor implantation model,
MATRIGEL® angiogenic growth faftor implantation model, and tumor implanation
model; and wherein the model of Angiogenesis optionally further comprises a matching

control model of angiogenesis omprising control cells.

70.  The method of clafin 69, wherein the in vitro culture angiogenesis model is
selected from the groug consisting of MATRIGEL® tube formation assay, migration

assay, Boyden charber assay, scratch assay.

angiogenic growth factor pocket model, subcutaneous sponge angiogenic growth factor
plantation model, or MATRIGEL® angiogenic growth faclor implantation model is
selected from the group consisting of FGF-2 and VEGF.

73.  The method of claim 69, wherein the cells in the model of angiogenesis are

subject to an environmental perturbation, and the cells in the matching model of
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angiogenesis are identical cells not subject to the environmental perturbation.

74.  The method of claim 73, wherein the environmental perturbation comprises o
or more of a contact with an agent, a change in culture condition, an introduced gepetic
modification or mutation, a vehicle that canses a genetic modification or mutatjén, and

induction of ischemia.

75.  The method of claim 74, wherein the agent is a pro-angiogenic agent or an anti-

angiogenic agent.

76. The method of claim 75, wherein the pro-angiogenic agedt is selected from the

group consisting of FGF-2 and VEGF.

77.  The method of claim 75, wherein the anti-angiogénic agent is selected from the
group consisting of VEGF inhibitors, integrin antagopists, angiostatin, endostatin,
tumstatin, Avastin, sorafenib, sunitinib, pazopanib/and everolimus, soluble VEGF-
receptor, angiopoietin 2, thrombospondinl, thrpfmbospondin 2, vasostatin, calreticulin,
prothrombin (kringle domain-2), antithrombjif Il fragment, vascular endothelial growth
inhibitor (VEGI), Secreted Protein AcidigZand Rich in Cysteine (SPARC) and a SPARC

peptide corresponding to the follistatin/domain of the protein (FS-E), and coenzyme

Q10.
78.  The method of claim 74, wherein the agent is an enzymatic activity inhibitor.
79.  The method of clain 74, wherein the agent is a kinase activity inhibitor.

80.  The method of claim 61 or 64, wherein the first data set comprises protein and/or

mRNA expressiolylevels of a plurality of genes in the genomic data set.

81.  The mélhod of claim 61 or 64, wherein the [irst data sel comprises (wo or more
of genomig¢ data, lipidomic data, proteomic data, metabolic data, transcriptomic data,

and single nucleotide polymorphism (SNP) data.

82 The method of claim 61 or 64, wherein the [irst data set comprises three or more
f genomic data, lipidomic data, proteomic data, metabolic data, transcriptomic data,

and single nucleotide polymorphism (SNP) data.
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83. The method of any one of claims 61 to 64, wherein the second data set
representing one or more functional activities or a cellular responses of the cells
associated with angiogenesis further comprises one or more of bioenergetics, cell
proliferation, apoptosis, organellar function, cell migration, tube formation, enzyme
activity, chemotaxis, extraceliular matrix degradation, sprouting, and a genotyfe-
phenotype association actualized by functional models selected from ATP,/ROS,
OXPHOS, and Seahorse assays.

84.  The method of claim 83, wherein the enzyme activity is kipAse activity.
85.  The method of claim 83, wherein the enzyme activity i§ protease activity.

86.  The method of any one of claims 61 to 64, whereifi step (4) is carried out by an

artificial intelligence (AI) -based informatics platformy

87.  The method of claim 86, wherein the Al-Hased informatics platform comprises

REFS(TM).

88. The method of claim 86, whereinAhe Al-based informatics platform receives all
data input from the first data set and the second data set without applying a statistical

cut-off point.

39, The method of any ong’of claims 61 to 64, wherein the consensus causal
relationship network establéshed in step (4) is further refined to a simulation causal
relationship network, bgfore step (5}, by in silico simulation based on input data, to
provide a contidenceAevel of prediction for one or more causal relationships within the

consensus causal relationship network.

90.  The ethod of any one of claims 61 to 64, wherein the unique causal relationship
is identifigd as part of a differential causal relationship network that is uniquely present

in celly; and absent in the matching control cells.

The method of any one of claims 61 to 90, wherein the unique causal relationship
identified is a relationship between at least one pair selected from the group consisting
of expression of a gene and level of a lipid; expression of a gene and level of a
transcript; expression of a gene and level of 2 metabolite; expression of a first gene and

expression of a second gene; expression of a gene and presence of a SNP; expression of
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a gene and a functional activity; level of a lipid and level of a transcript; level of a lipid
and level of a metabolite; level of a first lipid and level of a second lipid; level of a lipi
and presence of a SNP; level of a lipid and a functional activity; level of a first transefipt
and level of a second transcript; level of a transcript and level of a metabolite; leyél of a
transcript and presence of a SNP; level of a first transcript and Ievel of a functjénal
activity; level of a first metabolite and level of a second metabolite; level ofa
metabolite and presence of a SNP; level of a metabolite and a functional/ctivity;
presence of a first SNP and presence of a second SNP; and presence ¢f a SNP and a

[unciional activity.

92.  The method of claim 91, wherein the functional activity is selected from the
group consisting of bicenergetics, cell proliferation, apopigsis, organellar function, cell
migration, tube formation, enzyme activity, chemotaxig/ extracellular matrix
degradation, and sprouting, , and a genotype-phenot¥pe association actualized by
functional models selected from ATP, ROS, OXPHOS, and Seahorse assays.

93. The method of claim 91 or 92, wheredn the functional activity is kinase activity.

94.  The method of claim 91 or 92, wherein the functional activity is protease

activity.

95.  The method of any one ¢f claims 61 to 93, wherein the unique causal relationship
identified is a relationship bgfween at least a level of a lipid, expression of a gene, and

one or more functional agtivities wherein the functional activity is a kinase activity.

96.  The method ¢f any one of claims 61 to 95, further comprising validating the

identified unique Zausal relationship in angiogenesis.

97. A method for providing a model for angiogenesis for use in a platform method,

establishing a model for angiogenesis, using cells associated with angiogenesis,
tofepresent a characleristic aspect of angiogenesis, wherein the model for angiogenesis

is useful for generating data sets used in the platform method;

thereby providing a model for angiogenesis for use in a platform method.
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98. A method for obtaining a first data set and second data set from a model for

angiogenesis for vse in a platform method, coniprising:

(D obtaining a first data set from the model for angiogenesis for use in
platform method, wherein the model for angiogenesis comprises cells associategt with
angiogenesis, and wherein the first data set represents one or more of genomi€ data,
lipidomic data, proteomic data, metabolic data, transcriptomic data, and single
nucleotide polymorphism (SNP) data characterizing the cells associaled with

angicgenesis;

(2)  obtaining a second data set from the model for gfigiogenesis for use in the
platform method, wherein the second data set represents ong’or more functional

activities or cellular responses of the cells associated witlf angiogenesis;

thereby obtaining a first data set and second data set from the mode] for

angiogenesis for use in a platform method.
99. A method for identifying a modulatgs of angiogenesis, said method conprising:

(1) generating a consensus gausal relationship network among a first data set
and second data set obtained from ahodel for angiogenesis, wherein the model
comprises cells associated with agfgiogenesis, and wherein the first data set represents
one or more of genomic data, ipidomic data, protecmic data, metabolic data,
transcriptomic data, and single nucleotide polymorphism (SNP) data characterizing the
cells associated with anglogenesis; and the second data set represents one or more
functional activities gf cellular responses of the cells associated with angiogenesis, using
a programmed copfputing device, wherein the generation of the consensus causal
relationship nefvork is not based on any known biological relationships other than the

first data set/and the second data set;

2) identifying, from the consensus causal relationship network, a causal
relationship unique in angiogenesis, wherein at least one of a gene, a lipid, a protein, a
tabolite, a transcript, or a SNP associated with the unique causal relationship is

identified as a modulator of angiogenesis;

thereby identifying a modulator of angiogenesis.
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100. A method for identifying a modulator of angiogenesis, said method comprising:

(D providing a consensus causal relationship network generated from a

model for angiogenesis;

@) identifying, from the consensus causal relationship network, a ¢ausal
relationship unique in angicgenesis, wherein at least one of a gene, a lipid, 4 protein, a
metabolite, a transcript, or a SNP associated with the unique causal relaffonship is

identified as a modulator of angiogenesis;
thereby identifying a modulator of angiogenesis.

101.  The method of claim 90, wherein the consensus caydal relationship network is
generated among a first data set and second data set obtgined trom the model for
angiogenesis, wherein the model comprises cells assgCiated with angiogenesis, and
wherein the first data set represents one or more of genomic data, lipidomic data,
proteomic data, metabolic data, transcriptomic data, and single nucleotide polymorphism

(SNP) data characterizing the cells associated with angiogenesis; and

the second data set represents ope or more functional activities or cellular
responses of the cells associated witlf angiogenesis, vsing a programmed computing
device, wherein the generation ofAhe consensus causal relationship network is not based
on any known biological relatignships other than the first data set and the second data

set.

102. The method of Any one of claims 97 to 101, wherein the model for angiogenesis
is selected from theZroup consisting of in vitro cell culture angiogenesis model, rat aorta
microvessel modél, newborn mouse retina model, chick chorioallantoic membrane
(CAM) mode}, corneal angiogenic growth factor pocket model, subcutaneous sponge
angiogenig/growth factor implantation model, MATRIGEL® angiogenic growth factor

implantdtion model, and tumor implanation model; and wherein the model of

103.  The method of any one of claims 97 to 102, wherein the first data set comprises

lipidomics data.
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104. The method of any one of claims 97 to 103, wherein the second data set
representing one or more functional activities or cellular responses of the cells
associated with angiogenesis comprises global enzymatic activity, and/or an effect of the
global enzymatic activity on the enzyme metabolites or substrates in the cells assgeiated

with angiogenesis.

105. The method of claim 104, wherein the second data set comprises kigase activity or

protease activity.

106. The method of any one of claims 97 to 103, wherein the sgtond data sel
representing one or more functional activities or cellular respogses of the cells
associated with angiogenesis comprises one or more of biogfiergetics profiling, cell
proliferation, apoptosis, organellar function, cell migratign, tube formation, kinase
activity, and protease activity; and a genotype-phenotype association actualized by

functional models sclected from ATP, ROS, OXPHOS, and Seahorse assays.

107. The method of any one of claims 61 (9’106, wherein the angiogenesis is related

to a disease state.

108. A method for modulating angjdgenesis in a mammalian subject, the method

comprising:

administering to the mgmmal in need thereof a therapeutically effective amount
of a pharmaceutical compoglition comprising a biclogically active substance that affects

the modulator identified/by any one of claims 61-107, thereby modulating angiogenesis.

109. A method of detecting modulated angiogenesis in a mammalian subject, the

method comprisihg:

determining a level, activity, or presence, in a biological sample obtained from

the subjeft, of one or more modulators identified by any one of claims 61-107; and

comparing the level, activity, or presence in the subject with the level, activity, or

esence of the one or more modulators in a control sample,

wherein a difference between the level, activity, or presence in the subject and

the level, activity, or presence of the one or more modulators in the control sample is an
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indication that angiogenesis is modulated in the mammalian subject.

110. A method of identifying a therapeutic compound for modulating angiogenesig’in

a mammalian subject, the method comprising:
contacting a biological sample from a mammalian subject with a testompound;

determining the level, activity or presence, in the biological sanyple, of one or

more modulators identified by any one of claims 61-107;

comparing the level, aclivily, or presence of the one or piore modulators in the

biological sample with a control sample not contacted by thg’test compound; and

selecting the test compound that modulates the Jével, activity, or presence of the

one or more moedulators in the biclogical sample,

thereby identifying a therapeutic compoand for modulating angiogenesis in a

mammalian subject.

111. A method for modulating angiogenesis in a mammalian subject, the method

coniprising:

administering to the mgfhmal in need thereof a therapeutically effective amount
of a pharmaceutical compogition comprising the therapeutic compound of claim 110,
thereby treating, alleviatifig a symptom of, inhibiting progression of, preventing,

diagnosing, or prognoging the discasc.
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CLAIMS

1. An invention not claimed in any divisional application.
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