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AIms

To systematically identify  proteins relevant to
biological systems/diseases (B/D) using a
lierature -based approach

To prioritize proteins  associated with each B/D

Weighted by the numbers of co -publication and the
numbers of citations

To establish a generalizable platform for
extracting the relations between proteins and
biological systems / diseases / drugs / species /
genetic variations




Methods

Methods from Lam etal. ! Our new PubMed abstract mining +

citation count integration approach

PubMed Query
e.g., “brain or cerebral” [ PubMed Query j [ PubTator Search j
I e.g. brain, cancer, etc. With tagged genes, diseases, species, and drugs
|
Query Gene ID
“brain” 18091
PMID PMID
2523343 2523443
PMID List A PMID List B
list 1: list 2: | E |
Query PMID 3 Gene2PubMed

match lists 1 & 2
get Uniirot ID

Protein publication count
normalize and re-rank

Semantic Similarity

normalized co-publication distance

Match List A and List B [ PMIDs to Citation Counts ]

Protein Publication + j |

Citation Counts

rank proteins according to theirco  -publicafion scores + citation counts

[Pathway/ Network Analyses]

R



Protein Co -publication Score

Inspired by the term frequencyadinverse document
frequency (tf-idf) statistic:
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Weighted by the number of citation per year

NTP =the number of PubMed publication related to both the protein and topic
(TP)

CitYr = the sum of the annualized number of citation of TP

nF = the number of publication mentioning any protein

NT = the number of publication regarding the topic of interest
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Organ Systems + Disease Entities

Organ systems

22 targeted fields in the
Biology/Disease -driven Human
Proteome Project ( B/D -HPP)

11 organ systems in human

Cardiovascular, digestive,
endocrine, integumentary,
Immune, muscular, nervous,
reproductive, respiratory,
skeletal, and urinary systems

Diseases (using modules built for
the Aetna CWAS shiny app)

Phenotype -wide association study
(PheWAS) codes

1,848 phenotypes

International Classification of
- Diseases (ICD)

5,000 * ICD-9 codes
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Cancer

Rank Symbol Protein Name Score #P #TP #Citations/year
1 BRAF Serine/threonineprotein kinaseB-raf 28.217|9687| 6286 13845
2 ALK ALK tyrosine kinaseceptor 27.864| 3856 2499 4455
3 BRCA1 Breast cancer type 1 susceptibilfiyotein 27.383(11604 8060 9377
4 ATM Serineprotein kinaseATM 27.044| 3722| 1987 3271
5 ABL1 Tyrosineprotein kinaseABL1 27.029| 7672| 5470 4535
6 BMI1 Polycombcomplex proteinBBMFE1 26.981| 1355| 743 1774
7 IDH1 Isocitratedehydrogenase 26.757| 2032| 813 2580
8 |ALDHI1A Retinal dehydrogenask 26.62 [ 1171| 652 1375
9 PARP1 Poly [ADRibose] polymeraséd 26.606(10151 5705 5917
10 AR Androgenreceptor 26.566|10163 4783 6921
11 CCND1 G1/SspecificcyclinD1 26.544(13759 8443 7540
12 CDH1 Cadherinl 26.52 (14029 7300 8983
13 AKT1 RAGCalpha serine/threonineprotein kinase 26.406(28263 14624 24591
14 KLK3 Prostatespecificantigen 26.375(19431 14752 8820
15 EZH2 Histonelysine NmethyltransferasdeZH?2 26.341| 2064| 730 2343
16 RUNX1 Runtrelated transcription factof. 26.28 | 3208| 1926 1696
17 CA9 Carbonic anhydrase 25.982| 1696 1031 1031
18 | CDKNZ2/ Tumor suppressoARF 25.901(13158 6469 5788
19 CD44 CD44antigen 25.878| 9434 | 3764 4830
20 MSH6 DNA mismatch repair proteish6 25.59 [ 1714 994 880




Cancer
Pathway and Network Analyses

| Biological Process (GO)
pathway ID pathway description count in gene set false discovery rate
G0:0014070 response to organic cyclic compound 11 2.22e-07
G0:0009719 response to endogenous stimulus 12 1.3e-06
G0:0009893 positive regulation of metabolic process 16 1.3e-06
G0:0009966 regulation of signal transduction 13 2.52e-05
G0:0042127 regulation of cell proliferation 11 2.52e-05
(more ...}
Molecular Function (GO)
pathway ID pathway description count in gene set false discovery rate
G0:0005515 protein binding 16 0.000109
G0:0005497 androgen binding 2 0.0112
G0:0004672 protein kinase activity 6 0.0133
G0:0003824 catalytic activity 14 0.0153
G0:0008134 transcription factor binding 5 0.0185
(more ...)
| Cellular Component (GO)
pathway ID pathway description count in gene set false discovery rate
G0:0005654 nucleoplasm 12 0.00181
G0:0031981 nuclear lumen 11 0.0162
G0:0043234 protein complex 12 0.0162
G0:0070013 intracellular organelle lumen 12 0.0162
| KEGG Pathways
pathway 1D pathway description count in gene set false discovery rate
05200 Pathways in cancer 10 3.52e-11
05206 MicroRNAs in cancer 8 7.88e-11
05220 Chronic myeloid leukemia 6 4.21e-09
05223 Non-small cell lung cancer 5 1.14e-07
05218 Melanoma 5 3.22e-07

.

Known Interactions Predicted Interactions Others
O— from curated databases —  gene neighborhood O textmining
—  experimentally determined —  gene fusions @—S  co-expression

—  gene co-occurrence &—  protein homology

(more ...)



Cardiovascular

Rank Symbol Protein Name Score #P #TP #Citations/year
1 CDH5 Cadherinrs 25.908| 1693| 533 775
2 AGT Angiotensinogen 25.331]18683 5027 2498
3 CRP Creactiveprotein 25.125(41653 8595 7385
4 APOA1l ApolipoproteinA-l 24.868| 9578| 2060 1345
5 EDN1 Endothelinl 24.786| 9212| 2497 992
6 ANGPT] Angiopoietinl 24.698| 1560| 374 549
7 ABCA1l ATRbinding cassette sufamily A membed 24.634| 2205| 452 662
8 NKX25 Homeoboxprotein Nkx2.5 24.634| 833 | 311 325
9 NPPB Natriuretic peptidesB 24.506| 6362| 1779 659
10 APOB ApolipoproteinB-100 24.375(12037 2283 1328
11 NOS3 Nitric oxide synthasesndothelial 24.256| 5294 | 982 792
12 COG2 Conserved oligomeric Golgi complex subinit 23.67 | 2827 718 342
13 SCN5A Sodium channel protein type 5 subuaipha 23.561| 1595| 341 351
14 DPP4 Dipeptidyl peptidase 23.502| 5265| 571 886
15 TNNI3 Troponin |, cardiamuscle 23.497| 2295| 645 271
16 ELN Elastin 23.445| 6136| 1196 508
17 ACE Angiotensinconvertingenzyme 23.435|19839 3486 1187
18 ICAM1 Intercellular adhesion moleculke 23.34 114581 2164 1025
19 DBP D sitebindingprotein 23.25 [ 4341 1085 312
20 AGER | Advanced glycosylation end prodespecificreceptor | 23.217| 1308| 206 397




Cardiovascular:
Pathway and Network Analyses

| Biological Process (GO)
g e pathway 1D pathway description count in gene set false discovery rate
SERiER G0:0044057 regulation of system process 11 2.83e-10
G0:1903522 regulation of bloed circulation 9 1.78e-09
G0:0008015 blood circulation 9 5.67e-09
G0:0042312 regulation of vasodilation 5 9.23e-07
,/ G0:0001568 blood vessel development 8 7.75e-06
— TNNI (mam ana, )
.
Molecular Function (GO)
pathway D pathway description count in gene set false discavery rate
DBP G0:0005102 receptor binding 12 9.72e-08
e G0:0005515 protein binding 17 3.32e-06
EIN G0:0017127 cholesterol transporter activity 3 0.000609
;, — G0:0070325 lipoprotein particle receptor binding 3 0.000742
AGER G0:0019899 enzyme binding 8 0.00872
@ (more ...}
Cellular Component (GO)
ANGPTL pathway D pathway description count in gene set false discovery rate
- G0:0005615 extracellular space 10 6.13e-05
GO0:0045121 membrane raft 6 6.13e-05
G0:0030139 endocytic vesicle 5 0.000849
APOB GO:0009986 cell surface 6 0.00982
G0:0098589 membrane region 7 0.00982
(more ...}
KEGG Pathways
pathway ID pathway description count in gene set false discovery rate
04975 Fat digestion and absorption 3 0.00205
04066 HIF-1 signaling pathway 3 0.0191
04977 Vitamin digestion and absorption 2 0.0237
05143 African trypanosomiasis 2 0.0338
Known Interactions Predicted Interactions Others
—  from curated databases —  gene neighborhood —  textmining
O—  experimentally determined O—  gene fusions O—  co-expression

—  gene co-occurrence &—  protein homology




Diabetes

Protein Name Score #P #TP #Citationsl/year
1 DPP4 Dipeptidyl peptidasé 31.295| 5265| 2118 2420
2 INS Insulin 30.774|62901 27499 13922
3 GCG Glucagon 30.378| 4652| 1492 1841
4 IAPP Islet amyloidpolypeptide 30.08 | 1987 869 940
5 SLC5AZ Sodium/glucose cotransport& 29.208| 1312| 453 773
6 GCK Glucokinase 29.161| 1508| 760 523
7 GLP1R GlucagoHike peptide lreceptor 28.171| 3869| 892 833
8 AGER | Advanced glycosylation end prodtsgecificreceptor | 27.563| 1308| 349 487
9 ADIPOQ Adiponectin 27.522|11048 1397 1560
10 CRP Greactiveprotein 27.037(41653 3990 3816
11 GAD2 Glutamate decarboxylasg 26.907| 1295| 573 220
12 TCF7L2 Transcription factor Jike 2 26.454| 926 | 228 333
13 KCNJ11l  ATRsensitive inward rectifier potassium chaniidl 26.403| 1316| 357 288
14 PPARA Peroxisome proliferateactivated receptoalpha 26.31 [ 5763| 643 759
15 | AKR1B] Aldosereductase 26.047| 1755| 681 170
16 PPARG Peroxisome proliferateactivated receptogamma 25.814| 8532| 761 821
17 LEP Leptin 25.796| 9056| 854 782
18 CD59 CD59Qlycoprotein 25.664|21150 1776 1179
19 APOA1 ApolipoproteinA-| 25.409( 9578| 1020 576
20 ACE Angiotensinconvertingenzyme 25.302(19839 2087 746




Diabetes:
Pathway and Network Analyses

@

Known Interactions Predicted Interactions Others



