Inferring Undiscovered Public Knowledge by Using Text Mining Analysis
and Main Path Analysis: The Case of the Gene-Protein ‘brings about’
Chains of Pancreatic Cancer
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ABSTRACT

This study aims to infer the gene-protein brings_about chains of pancreatic cancer which were referred
to in the pancreatic cancer related researches by constructing the gene-protein interaction network of
pancreatic cancer. The chains can help us uncover publicly unknown knowledge that would develop as
empirical studies for investigating the cause of pancreatic cancer. In this study, we applied a novel approach
that grafts text mining and the main path analysis into Swanson's ABC model for expanding intermediate
concepts to multi-levels and extracting the most significant path. We carried out text mining analysis
on the full texts of the pancreatic cancer research papers published during the last ten-year period and
extracted the gene-protein entities and relations. The ‘brings about network was established with bio
relations represented by bio verbs. We also applied main path analysis to the network. We found the
main direct ‘brings_about’ path of pancreatic cancer which includes 14 nodes and 13 arcs. 9 arcs were
confirmed as the actual relations emerged on the related researches while the other 4 arcs were arisen
in the network transformation process for main path analysis. We believe that our approach to combining
text mining analysis with main path analysis can be a useful tool for inferring undiscovered knowledge
in the situation where either a starting or an ending point is unknown.
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STAT3 STAT3 P53 TP53
test PRSS21 Bcl-2 BCL2
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P53 TP53 A4 IGKV1D-27
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CELP supplement C2 ZEB2 contain CTBP2_HUMAN
CELP culture C2 ZEB2 contain HDAC?
CELP culture AIRN TNF inhibit PGH2_HUMAN
CELP use KIT TXK include EGFR
S52A1 HUMAN use KIT CTNNBIP1 compare IBP2_ HUMAN
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CE 9 MA/2A FEM AEE 2A

*2 ) PMCID | W= oA
RNF123 KPC, BRCA-KPC, and Mistl(KRasG12D/+) mice develop
(KPC) KRAS 3990331 | 2013 | spontaneously arising KRAS mutant (TP53 and BRCA2 mutant,
respectively) pancreatic tumors
Upregulation of alpha-SMA and palladin in fibroblasts induced
by the cancer cells containing activated KRAS, the de novo CAFs
can promote pancreatic tumorigenesis and progression through
PALLD,HUMAN KRAS 2019106 | 2014 the?r morphologlcally. forming 1'rlvadopgd1a*11ke cellular protrusmns
(palladin) which could secrete invadopodia proteins and proteolytic enzymes
such as ADAM?22, aminopeptidases, and cathepsins D and B used
for decomposing the ECM and create an optimum premetastatic
niche
KPC, BRCA-KPC, and Mist1(KRasG12D/+) mice develop
BHA%?\ZE%\/I AN KRAS 3990331 | 2013 | spontaneously arising KRAS mutant (TP53 and BRCA2 mutant,
respectively) pancreatic tumors
EGF EGFR_HUMAN To‘ overcome this resistance mechanism, dlow'nsltream target of
. . epidermal growth factor pathway, MEK inhibition was tested
(epidermal growth | (epidermal growth | 3822297 | 2013 ) L .
that induced apoptosis in epidermal growth factor receptor tyrosine
factor) factor receptor) . L .
kinase inhibitor-resistant lung cancer cells.
The epidermal growth factor receptor (EGFR) initiates a signal
EGFR_HUMAN PIK3CA transduction cascade that leads to modulation of cellular functions
(epidermal growth (PI3K) 4101748 | 2014 | through activation of a number of pathways, including the
factor receptor) phosphatidylinositol 3-kinase (PISK) and the mitogen-activated
protein (MAP) kinase pathways.
EGF-induced HCCR-1 over-expression is mediated by PISK/
PIK3CA LTMD1_HUMAN 9880295 | 2010 AKT/mTOR signaling which plays a pivotal role in pancreatic
(PI3K) (HCCR-1) Y tumor progression, suggesting that HCCR-1 could be a potential
target for cancer therapeutics
NVP-BEZ235 is an orally biocavailable imidazoquinoline derivative
PIK3CA CRTC2_HUMAN 3717802 | 2012 that binds to the ATP-binding clefts of the class I PI3K and
(PI3K) (TORC2) mTOR kinase, leading to inhibition of PI3K, as well as attenuation
of TORC1 and TORC2 activity
MIR203A ZEBI1 can inhibit expression of miR-200c, miR—203 and miR-183,
ZEB1 . 3837326 | 2010 | which in turn were shown to target BMII, a known factor for
(miR-203)
stem cell renewal.
MIRISS ZEBL1 can inhibit expression of miR-200c, miR-203 and miR-183,
ZEB1 . 3837326 | 2010 | which in turn were shown to target BMII1, a known factor for
(miR-183)
stem cell renewal.
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BHAI5_ | CRTC2 EGFR LTMD1 . PALLD ; .
HUMAN | HUMAN EGF HUMAN KRAS HUMAN MIR183 | MIR203A HUMAN PIK3CA |PTEN | RNF123 | TNF | ZEB1
BHALS_ - X X X @] X X X X X X X X X
HUMAN
CRTC2
HUMAN X - X X X X X X X X X X X X
EGF X X - @) X X X x X x x x X X
EGFR* X X X - X X X X X O X X X X
HUMAN
KRAS X X X X - X X X x X x x X X
LTMDL. X X X X X - X X X X X X X X
HUMAN
MIR183 X X x X X x - X X X X X X X
MIR203A X X X X X X X - X X X X X X
PALLD_ | . . . o y . « - x x x x| x
HUMAN
PIK3CA X O X X X (0] X X X - X X X X
PTEN X X X X X X X X X X - X X X
RNF123 X X X X ) x X X X x x - x X
TNF X X X X X x X X X X - X
ZEB1 X X X X X X O (@] X X X X X -
" W Aolo] A 913 Adol A5 0, EAEA Fom X2 W]
5. A g Ao g PASgom, BT FAE 1F0E A
=5 AIE st LA LﬂE%ﬂ% *
WIS oo AGHE wlolQ Y rErle] U, FAE BHL B3 UEND tol
e AL NGELS RS ABYS A e RE 4R F 323U
ABHoR wAsy I Busk 45ag B sebegic
< st 23 A4S B We As 1 A3 14709 == 13709] of=7t 23
BHog fuh ¥ AL ARG WY AR AN 22 W AL
A AHE A 7 v I A4 ol AZHIU o] F 97f ok=E A B4
FET) SAste] BzEviolyst AT B4 el W WAS WET AT, oA
S Swanson® ABC Eddl| HEsth ) old= A UESIE £3 UES
GiErlolds 72 B RE ABC B Aol dlEg vEslaE wasA 44
o] 2709 BE e R Sgely A0E flEi, T4 Y 1) =5
7P vl e NdS EEske Hl A8EHA *P°l°ﬂl:— TR 23 A4 A 9loll vhE
ot H 1097 S0 A3 v A =8 PAZY EASHA ot HER FARI ¢
= WdeE HiErtold S AAjste] WA filﬁiﬂ ofd Ak & & AUt
S W FAA-Bu o) A AE WES B AT A%E FARE AR B



228 g=H|EobetE]A] A26d A1= 2015

A7olA] L ATl & FAA-TNG  solof Bk Lelh AT FA/L B A
FANEE, e PUES Bal ol gl ARIAY AR (22 % BH(P) E
WAHA G A4S BAT S AU A DT 5 g 00 33 A9 FE
BRNS OF At A JEAEE) B2 A FHE PHS A80 T E 4 U2 A
So meskeAE 45H0 978 B HF ok

2 0z 2 9

Mgt oeg e, A%t [online]. [cited 2015.2.5].
<http://terms.naver.com/entry.nhn?docld = 926898 & mobile &cid =51007 &categoryld =5
1007 # TABLE _OF CONTENTL).

372, 7. 2014, Y 2E wloly 7uke] TfE RdS o] 83 nubA I X2 2 T x| st
317, 31(1): 231-250.

Blagosklonny, M. V. and A. B. Pardee. 2002, “Unearthing the gems.” Nature, 416(6879): 373-373.

Cameron, D., O. Bodenreider, H. Yalamanchili, T. Danh, S. Vallabhaneni, K. Thirunarayan, A. P.
Sheth, and T. C. Rindflesch. 2013. “A graph-based recovery and decomposition of swanson's
hypothesis using semantic predications.” Journal of Biomedical Informatics, 46(2): 238-251.

De Nooy, W., A. Mrvar, and V. Batagelj. 2005. Exploratory Social Network Analysis with Pajek.
Revised and Expanded Second Edition. New York, USA: Cambridge University Press.

DiGiacomo, R. A., J. M. Kremer, and D. M. Shah. 1989. “Fish oil dietary supplementation in
patients with Raynaud’s phenomenon: A doubleblind, controlled, prospective study.”
American Journal of Medicine, 3: 158-164.

Gustafsson, M., M. Hornquist, and A. Lombardi. 2005. “Constructing and analyzing a large-scale
gene-to-gene regulatory network Lasso-constrained inference and biological validation.”
IEEE/ACM Transactions on Computational Biology and Bioinformatics, 2(3): 254-261.

Liu, J.S,and L. Y. Y. Lu. 2011. “An Integrated Approach for Main Path Analysis: Development
of the Hirsch Index as an Example.” Journal of the American Society for Information
Science and Technology, 63(3): 528-542.

Mattiazzi, M., T. Curk, I Krizaj, B. Zupan, and U. Petrovic. 2010. “Inference of the Molecular
Mechanism of Action from Genetic Interaction and Gene Expression Data.” Omics-A
Journal Of Integrative Biology, 14(4): 357-367.



grEvto] Y3 2P #4

o

1% Mz

o
o}

A4 #2229

e

Natarajan, J., D. Berrar, W. Dubitzky, C. Hack, Y. Zhang, C. Desesa, J. R. Van Brocklyn, and
E. G. Bremer. 2006. “Text mining of full-text journal articles combined with gene expression
analysis reveals a relationship between sphingosine-1-phosphate and invasiveness of a
glioblastoma cell line.” BMC bioinformatics, 7: 373.

NIH. Current Relations in the Semantic Network [online]. [cited 2015.2.15].
<http://www.nlm.nih.gov/research/umls/META3_current_relations.html).

Popa, O., E. Hazkani-Covo, G. Landan, W. Martin, and T. Dagan. 2011. “Directed networks
reveal genomic barriers and DNA repair bypasses to lateral gene transfer among prokaryotes.”
Genome Research, 21(4): 599-609.

SecondString Project. Class Soft TFIDF [online]. [cited 2015.2.15].
¢http://secondstring.sourceforge.net/javadoc/com/wcohen/ss/Soft TFIDF html).

Selga, E., C. Oleaga, S. Ramirez, M. C. de Almagro, V. Noe, and C. J. Ciudad. 2009. “Networking
of differentially expressed genes in human cancer cells resistant to methotrexate.” Genome
Medicine, 1: 83.

Swanson, D. R. 1986a. “Undiscovered public knowledge.” The Library Quarterly, 56(2): 103-118.

Swanson, D. R. 1986b. "Fish oil, Raynaud’s syndrome, and undiscovered public knowledge.”
Perspectives in biology and medicine, 30(1): 7-18.

Swanson, D. R. 1988. “Migraine and magnesium: eleven neglected connections.” Perspectives
in biology and medicine, 31(4): 526-557.

Vinayagam, A., U. Stelzl, R. Foulle, S. Plassmann, M. Zenkner, J. Timm, H. E. Assmus, AM.
A. ndrade-navarro, and E. E. Wanker, 2011. “A directed protein interaction network for
investigating intracellular signal transduction.” Science signaling, 4(189): rs8.

Xiang-Yi He and Yao-Zong Yuan. 2014. “Advances in pancreatic cancer research: Moving
towards early detection.” World J Gastroenterol, 20(32): 11241-11248.

Yan, E., Y. Ding, and C. R. Sugimoto. 2011. “P-Rank: An Indicator Measuring Prestige in
Heterogeneous Scholarly Networks.” Journal of the American Society for Information
Science and Technology, 62(3): 467-477.

e IF FIXI=O| Fof ®Y|
(English translation / romanization of references originally written in Korean)

Heo, Go Eun and Song Min, 2014. “Inferring Undiscovered Public Knowledge by Using Text

Mining-driven Graph Model.” Journal of the Korean Society for information Management,



230 g=H|EoretE]A] A26d A1= 2015

31(1): 231-250.

Seoul National University Hospital Medical Information. Pancreatic Cancer [online]. [cited 2015.
25].
<http://terms.naver.com/entry.nhn?docld = 926898 & mobile &cid =51007 &categoryld =5
1007 # TABLE_OF_CONTENT1).



B Enlo] g3 F

o,
o
o}
N
&>
o
il
)
=

=

1

2 olg% rud

e

[2%] F2 $4 =F 3%

PMC ID: 2880295. Xu, Z., Zhang, Y., Jiang, J., Yang, Y., Shi, R., Hao, B., Zhang, Z., Huang,
Z., Kim, J., and Zhang, G. 2010. Epidermal growth factor induces HCCR expression via
PI3K/Akt/mTOR signaling in PANC-1 pancreatic cancer cells. BMC Cancer, 10(1):
161.

PMC ID: 3717802. Venkannagari, S., Fiskus, W., Peth, K., Atadja, P., Hidalgo, M., Maitra,
A., and Bhalla, K. 2012. Superior efficacy of co-treatment with dual PI3K/mTOR inhibitor
NVP-BEZ235 and pan-histone deacetylase inhibitor against human pancreatic cancer.
Oncotarget, 3(11): 1416-1427.

PMC ID: 3822297. Hamada, S., Masamune, A., and Shimosegawa, T. 2013. Novel therapeutic
strategies targeting tumor-stromal interactions in pancreatic cancer. Frontiers in physiology,
41 331.

PMC ID: 3837326. Wellner, U., Brabletz, T., and Keck, T. 2010. ZEB1 in Pancreatic Cancer.
Cancers, 2(3): 1617-28

PMC ID: 3919106. Xiao, Z., Luo, G., Liu, C,, Wu, C,, Liu, L., Liu, Z,, Ni, Q., Long, J., Yu,
X., and Takao, S. 2014. Molecular Mechanism Underlying Lymphatic Metastasis in
Pancreatic Cancer. Journal of biomedicine and biotechnology, 2014.

PMC ID: 3990331. Mace, T. A., Pitaressi, J,, Shakya, R., Frankel, W., Eubank, T., Bekaii-Saab,
T., Bloomston, M., Phelps, M., Ludwig, T., Ostrowski, M., and Lesinski, G. B. 2013.
Genetically engineered murine pancreatic cancer models approximate immunophenotypic
properties of human patients. Journal for Immunotherapy of Cancer, 1(Suppl 1): P163.

PMC ID: 4101748. Cardin, D. B., Goff, L., Li, C., Shyr, Y., Winkler, C., Devore, R., Schlabach,
L., Holloway, M., Mcclanahan, P., Meyer, K., Grigorieva, J., Berlin, J., and Chan, E. 2014,
Phase 1II trial of sorafenib and erlotinib in advanced pancreatic cancer. Cancer Medicine,

3(3): 572-579.





