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BackgroundBackground

• Basic biomedical research is crucial to medicineBasic biomedical research is crucial to medicine
– Complexity of molecular pathophysiology 

Challenges development of new therapies– Challenges development of new therapies

• Big data can facilitate progress
– MEDLINE: Biomedical research literature

• Need effective, automatic access to information 
in this data source
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Challengesg

All d t t b h d i lt l t• All data must be searched simultaneously to 
discover hidden relationships

• Response time needs to be impro ed o er that• Response time needs to be improved over that 
available with commodity hardware

• Need a solution that can support 50 billion• Need a solution that can support 50 billion 
triples

Electronic medical record– Electronic medical record 
– Structured biomedical data 
– Web content– Web content



Solution

C d RDF h d b• Convert data to RDF graph database

• Use purpose build hardware 
– YarcData’s Urika graph appliance 

– Designed for graph database discovery

• Support large expansion, real time response, and 
limited performance degradationp g

• Pilot project for proof of concept



Pilot project componentsp j p

D t d t d t i RDF• Data and metadata in RDF
– Nearly 24 million MEDLINE citations

N l 70 illi i di i– Nearly 70 million semantic predications

– Both converted to 2.2 billion RDF triples

Eff i i i f• Effective computing infrastructure
– YarcData Urika graph appliance

• Application to manipulate semantic content of text
– Semantic MEDLINE



The YarcData approachThe YarcData approach
Research challenge:

Large Shared Memory 
Architecture
Up to 512 TB? Up to 512 TB

XMT2 Massively Multi‐
Th d d P

CPU CPU CPU…
Threaded Processors

128 Threads

Scalable IO
Up to 350TB per Hour

Real‐time, Interactive Analytics 
on Large Graph Problems 



Semantic processing: SemRep

• Developed at National Library of MedicineDeveloped at National Library of Medicine
• Depends on domain knowledge 

– Unified Medical Language System (UMLS)

• Computable representation of meaning
– Semantic predications



SemRep: semantic predicationp p

ExemestaneExemestane after nonafter non--steroidal steroidal aromatase inhibitors forfor postpost--pp
menopausal women with advanced menopausal women with advanced breast cancer

TREATS
Aromatase InhibitorAromatase Inhibitor Breast CarcinomaBreast Carcinoma

Semantic
Network 
Relation

Metathesaurus 
Concept

Metathesaurus 
Concept

Unified Medical Language System



Web application: Semantic MEDLINEWeb application: Semantic MEDLINE

• Uses nearly 70 million semantic predicationsUses nearly 70 million semantic predications
– From all of MEDLINE

• To guide the user through content• To guide the user through content

• Exploits existing IR system
– PubMed

• Displays results as an interactive graph



Semantic MEDLINE overviewSemantic MEDLINE overview

Document retrieval

MEDLINE citations

Document retrieval

SemRep: semantic processing

Semantic predications

Automatic summarization

Graphical summary

Automatic summarization

Biomedical information managementBiomedical information management



Use case: Inflammation and cancer

• With some exceptions cancer therapy is notWith some exceptions, cancer therapy is not 
effective

• Scientific basis• Scientific basis
– Traditionally: kill cancer cells

M l i l ll (i– More recently: manipulate non‐cancer cells (immune 
system)

G l l k f d i i h• Goal: look for trends in cancer immunotherapy



SemMed: semantic predications
Inflammation mediated by the immune system is known to be important in carcinogenesis and, specifically, T helper 17 cells have been reported to play a role in tumor progression by 
promoting neo‐angiogenesis. The aim of this study was to investigate whether inflammatory cytokines and vascular endothelial growth factor (VEGF) levels in exhaled breath 
condensate (EBC) and in serum were related to tumor size in patients with non‐small cell lung cancer (NSCLC). Il‐6, IL‐17, TNF‐α and VEGF levels were measured in EBC and serum of 15 
patients with stage I IIA NSCLC and in 30 healthy controls by immunoassay The tumor size was measured by a CT scan The concentrations of IL 6 IL 17 and VEGF were significantly

p
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patients with stage I‐IIA NSCLC and in 30 healthy controls by immunoassay. The tumor size was measured by a CT scan. The concentrations of IL‐6, IL‐17 and VEGF were significantly 
higher in EBC of patients with lung cancer, compared with controls, while only serum IL‐6 concentration was higher in patients compared to controls. A significant correlation (r = 0.78, 
p = 0.001) was observed between EBC levels of IL‐6 and IL‐17; IL‐17 was also correlated to EBC levels of the VEGF (r = 0.83, p < 0.001) and TNF‐α (r = 0.62, p = 0.014). The tumor 
diameter was significantly correlated with EBC concentrations of VEGF (r = 0.58, p = 0.039), IL‐6 (r = 0.67, p = 0.013) and IL‐17 (r = 0.66, p = 0.017). Our results show a significant 
relationship between inflammatory and angiogenic markers, measured in EBC by a non‐invasive method, and tumor mass. To assess whether polymorphisms of the interleukin‐23 
receptor (IL23R) gene are associated with bladder transitional cell carcinoma because chronic inflammation contributes to bladder cancer and the IL23R is known to be critically 
involved in the carcinogenesis of various malignant tumors. 226 patients with bladder cancer and 270 age‐matched controls were involved in the study. Polymerase chain reaction‐
restriction fragment length polymorphism was used for genotyping. Genotype distribution and allelic frequencies between patients and controls were compared. In all three single 
nucleotide polymorphisms of IL23R studied the distribution of genotype and allele frequencies of rs10889677 differed significantly between patients and controls The frequency of
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nucleotide polymorphisms of IL23R studied, the distribution of genotype and allele frequencies of rs10889677 differed significantly between patients and controls. The frequency of 
allele C of rs10889677 was significantly increased in cases compared with controls (0.2898 vs. 0.1833, odds ratio 1.818, 95 % confidence interval 1.349‐2.449). The result indicates that 
IL23R may play an important role in the susceptibility of bladder cancer in Chinese population. For over a century, inactivated or attenuated bacteria have been employed in the clinic 
as immunotherapies to treat cancer, starting with the Coley's vaccines in the 19th century and leading to the currently approved bacillus Calmette‐Guérin vaccine for bladder cancer. 
While effective, the inflammation induced by these therapies is transient and not designed to induce long‐lasting tumor‐specific cytolytic T lymphocyte (CTL) responses that have 
proven so adept at eradicating tumors. Therefore, in order to maintain the benefits of bacteria‐induced acute inflammation but gain long‐lasting anti‐tumor immunity, many groups 
have constructed recombinant bacteria expressing tumor‐associated antigens (TAAs) for the purpose of activating tumor‐specific CTLs. One bacterium has proven particularly adept at 
inducing powerful anti‐tumor immunity, Listeria monocytogenes (Lm). Lm is a gram‐positive bacterium that selectively infects antigen‐presenting cells wherein it is able to efficiently 
deliver tumor antigens to both the MHC Class I and II antigen presentation pathways for activation of tumor targeting CTL mediated immunity Lm is a versatile bacterial vector as

cytokinecytokine TumorigenesisTumorigenesis
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deliver tumor antigens to both the MHC Class I and II antigen presentation pathways for activation of tumor‐targeting CTL‐mediated immunity. Lm is a versatile bacterial vector as 
evidenced by its ability to induce therapeutic immunity against a wide‐array of TAAs and specifically infect and kill tumor cells directly. It is for these reasons, among others, that Lm‐
based immunotherapies have delivered impressive therapeutic efficacy in preclinical models of cancer for two decades and are now showing promise clinically. In this review, we will 
provide an overview of the history leading up to the development of current Lm‐based immunotherapies, the advantages and mechanisms of Lm as a therapeutic vaccine vector, the 
preclinical experience with Lm‐based immunotherapies targeting a number of malignancies, and the recent findings from clinical trials along with concluding remarks on the future of 
Lm‐based tumor immunotherapies. Considerable evidence has suggested that chronic inflammation is a causative factor in the development of human colorectal cancer (CRC). 
Interleukin (IL)‐17A produced mainly by Th17 cells is a novel proinflammatory cytokine and increased IL‐17A is associated with colorectal neoplastic transformation. In this study, we 
have evaluated the expression of IL‐17A in the adjacent tissues along the colorectal adenoma‐carcinoma sequence. The expression of IL‐17A in the adjacent tissues of colorectal 
adenoma (adenoma‐adjacent n = 32) and sporadic CRC (CRC‐adjacent n = 45) was examined In addition the expression pattern of Th17 cell differentiation stimulators (IL‐1β IL‐6 and
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adenoma (adenoma‐adjacent, n = 32) and sporadic CRC (CRC‐adjacent, n = 45) was examined. In addition, the expression pattern of Th17 cell differentiation stimulators (IL‐1β, IL‐6 and 
IL‐23A) in the adjacent tissues were also examined. The results showed that the expression level of IL‐17A mRNA was non‐statistically increased (4‐fold higher) in the adenoma‐
adjacent tissues and it became significantly increased (9‐fold higher) in the CRC‐adjacent tissues as compared with the control. The expression level of IL‐17A in the CRC‐adjacent 
tissues was not associated with CRC clinicopathological parameters and overall survival. Immunohistochemistry confirmed an increased density of intraepithelial IL‐17A expressing 
cells in the CRC‐adjacent tissues. The Th17 cell differentiation simulators IL‐1β and IL‐6 were also shown in an increase trend from the adenoma‐adjacent to CRC‐adjacent tissues. 
These results provide evidence that IL‐17A/Th17 response is enhanced in the adjacent tissues during the colorectal neoplastic transformation. Non‐steroidal anti‐inflammatory drugs 
(NSAIDs) are extensively used over the counter to treat headaches and inflammation as well as clinically to prevent cancer among high‐risk groups. The inhibition of cyclooxygenase 
(COX) activity by NSAIDs plays a role in their anti‐tumorigenic properties. NSAIDs also have COX‐independent activity which is not fully understood. In this study, we report a novel 
COX‐independent mechanism of sulindac sulfide (SS) which facilitates a previously uncharacterized cleavage of epithelial cell adhesion molecule (EpCAM) protein EpCAM is a type I
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COX‐independent mechanism of sulindac sulfide (SS), which facilitates a previously uncharacterized cleavage of epithelial cell adhesion molecule (EpCAM) protein. EpCAM is a type I 
transmembrane glycoprotein that has been implemented as an over‐expressed oncogene in many cancers including colon, breast, pancreas, and prostate. 



Semantic predications as a graphSemantic predications as a graph



Cytokine CAUSES TumorigenesisCytokine CAUSES Tumorigenesis



MEDLINE citationMEDLINE citation



Exploiting semantic processingp g p g

• ResearchResearch
– Literature‐based discovery (LBD)

• Hypothesis generationHypothesis generation

– Discovery browsing
• Investigate salient aspects of a topicInvestigate salient aspects of a topic

• Trends
Discern trends: Where is research headed?– Discern trends: Where is research headed?

– Guide trends: Where should it be headed?
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Additional informationAdditional information

• Slides including 7 minute live demo:Slides, including 7 minute live demo: 
http://www.youtube.com/watch?v=ShfI4SNzN
O4O4

• Slides, including 20 minute live demo: 
http://wwwyoutube com/watch?v=6frNAmPhttp://www.youtube.com/watch?v=6frNAmP
D0mo
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