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• Researcher @ Data Science Institute, Dept of 

Computer Science

• Specialized in Natural Language  Processing 

(NLP) and building applications with Large 

Language Models (LLMs)

• Specially in the bio medical domain
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MOTIVATION
The information overload
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PubMed Size per Year

4

0.00

1,000,000.00

2,000,000.00

3,000,000.00

4,000,000.00

5,000,000.00

6,000,000.00

7,000,000.00

8,000,000.00

2013 2013 2014 2015 2017 2018 2019 2020 2021

A
rt

ic
le

s 
A
va

ila
vb

le



Keeping Up with Literature

■ Research productivity increases overtime

■ Use automated tools to keep up

– Search for relevant articles

– Obtain insights automatically

– Draw hypotheses based on the literature
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High-level Retrieval Augmented 
Generation

1. Process a 
Corpus

2. Build a 
knowledge base 

(Information 
Extraction)

3. Find relevant 
documents 
(Information 

Retrieval)

4. Let an LLM 
arrive do 

inference and 
arrive to 

conclusions 
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NATURAL LANGUAGE 
PROCESSING

The AI tools used to ingest human-written text 
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What is Natural Language Processing?

NLP, in part, is the application of computational techniques to 
understand texts written by people
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Examples

■ Sentiment classification

■ Spam detection

■ Machine translation

■ Question answering
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INFORMATION 
EXTRACTION

Drawing computer data from human language
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Enrique is talking about AI tools to the 

biomedical community of 

The University of Arizona
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Enrique is talking about AI tools to the 

biomedical community of 

The University of Arizona
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Rule-based Information Extraction

1. Match a Trigger: inhibits

2. Find biochemical entity: CYLD

3. Find a second biochemical entity: TRAF2 or TRAF6

4. Constructing the biochemical event(s)
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Information Extraction

■ Commonly trained using supervised machine learning

■ Multi-step process:

– Concept recognition

– Normalization to database/ontology

– Relation detection

14



Information Extraction

15



INFORMATION 
RETRIEVAL

Finding a needle in a haystack
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“Finding a needle in a haystack”

■ Think about search engines

■ Use queries to search for relevant documents

– Google

– Bing

– For the life sciences: PubMed

■ Traditionally: Keyword/phrase search approach

■ Contemporary: Word embedding search approach

■ Hybrid search: Combine keyword + embedding approaches
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Information Retrieval
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LARGE LANGUAGE 
MODELS

Eloquently eliciting insights based on data
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What is a Large Language Model?

■ “Giant” computational program that generates language in a coherent, human-like 
fashion.

■ Fundamentally: Predicts the next word based on its prior context

■ Requires significant amount of computing resources

■ With enough parameters and training data exhibit “emergent” capabilities: 
Reasoning over, understand and generate human language.
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LLMs continued

■ They have limitations:

– Hallucinations!

– Stubbornness

– Expensive to maintain

■ Mitigations:

– Retrieval Augmented Generation

– Guardrails

– Agentic behavior
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INTEGRATING AI
How everything fits together
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High-level Retrieval Augmented 
Generation

1. Process a 
Corpus

2. Build a 
knowledge base 

(Information 
Extraction)

3. Find relevant 
documents 
(Information 

Retrieval)

4. Let an LLM 
arrive do 

inference and 
arrive to 

conclusions 
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Information Extraction in the Biomed 
Domain

■ Symbolic systems:

– Use rules

– Interpretable

– Higher precision – lower recall

– High maintenance

■ Statistical systems:

– Base off Machine Learning (i.e. LLMs)

– Black box

– Higher recall – lower precision

– Low maintenance
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IE in the Biomedical Domain
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Biomedical IE Systems

■ Rule based systems:

– REACH – Cancer biology P-2-P annotator

– MetaMap – UMLS annotator

■ Statistical based systems:

– SciSpacy – NLP pipeline trained on MedMentions dataset

– GENIA Tagger – Similar but trained on MEDLINE abstracts
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Information Retrieval Systems

■ Elastic Search

– Keyword based retrieval

– Scalable and highly optimized

■ Weaviate, Pinecone

– Embedding based retrieval

– Works with any encoder-based language model
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Encoder Language Models

■ Similar to LLMs in principle

■ Create a numerical representation of 
phrases

■ Represent semantic similarity

■ Sentence Transformers

– Specialized in biomedical domain: S-
PubMedBert-MS-MARCO
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Example: Biomedical Interactions 
Visualization

■ Efficiently search and locate:

– Mechanistic interactions

– Underlying textual evidence 

– The pointer to the source of the information

■ Reduce the hairball effect

■ Search paradigm:

– Narrow down search space

– Iteratively search 
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Structural Search
Search, navigate,  and visualize exploiting underlying network structure
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Node-Link Visualization
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Evidence Panel
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Graphical Overview
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Textual Search
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FUTURE 
DEVELOPMENTS

Where is the research moving toward?
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Revisiting RAG

Consider the following context passage. Put together the signaling pathway from IL-6 to inflammation as a JSON array, where each element contains the 
endpoints and the text that backs the extraction. Write your output as a markdown block of JSON code. 

Interleukin-6 (IL-6) regulates inflammation through two primary signaling pathways: classical signaling and trans -signaling. 

In classical signaling, IL-6 binds to its membrane-bound receptor (mIL-6R), forming a complex with glycoprotein 130 (gp130), which 
triggers downstream pathways like JAK/STAT, MAPK, and PI3K. 

These pathways promote the expression of genes involved in inflammation, such as acute-phase proteins and anti-inflammatory 
mediators like SOCS3, which also provide negative feedback. Classical signaling is restricted to cells expressing mIL -6R, such as 
hepatocytes and immune cells, and is generally associated with protective responses in acute inflammation. In trans -signaling, IL-6 
binds to soluble IL-6 receptors (sIL-6R), enabling it to act on cells lacking mIL-6R, such as endothelial cells and fibroblasts, thereby 
amplifying inflammatory responses. 

This pathway often drives pathological inflammation, contributing to chronic diseases like rheumatoid arthritis and inflammatory 
bowel disease. 

Regulatory mechanisms, including SOCS3-mediated inhibition and receptor internalization, maintain signaling balance. Targeting I L-6 
signaling, particularly trans-signaling, with therapeutic agents like tocilizumab has proven effective in mitigating chronic inf lammatory 
conditions and cytokine release syndrome.
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Revisiting RAG
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Revisiting RAG
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Large Language Models

■ LLMs exhibit understanding and reasoning-like capabilities

– Result of training them to follow instructions

■ Two avenues:

– Fine-tuning

■ Requires significant data and engineering skills

■ Achieves the best results

– In Context Learning

■ Allows to set an example for an LLM to imitate

■ Improves performance but has limitations
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WHERE TO DO IT?
Computing resources for the university’s community
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High Performance Computing

■ Ideal for highly parallelizable jobs

– Scale to hundreds of CPUs

– (Some) GPU access
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https://hpcdocs.hpc.arizona.edu



CyVerse

■ Ideal for data storage and sharing

– iRods

■ Cloud-based workflows

■ Sharing applications

– Discovery Environment

– VICE applications
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http://cyverse.org



Jetstream 2

■ Free access to GPUs for training

– Competitively allocated through a proposal

■ Cloud based workflows

■ Compatible with Cacao (Cyverse’s orchestration software)
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https://jetstream-cloud.org



THANK YOU
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