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➢ Research Areas

➢ AI & Machine Learning, LLMs

➢ Natural Language Processing (NLP)

➢ Medical Image Analysis

➢ Multimodal data analysis

➢ Biomedical Literature 

➢ Clinical notes, EHRs

➢ CT, CXR & retinal images 

➢ LLM-powered applications in biomedicine

1. TrialGPT: Assisting patient-to-trial matching with LLMs (2024)

2. GeneAgent: AI agent for gene set analysis (2025)
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 Related articles
 Spell checker
 Query autosuggest
 Semantic query understanding
 Citation sensor
 Author name disambiguation 
 Query expansion
 Best Match: Sort by Relevance
 …
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4Chen et al., Nature 2020; Allot et al., Nature Genetics, 2023; Wei et al., Nucleic Acids Research 2024
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 Gene sets from high-throughput experiments

 Differentially expressed genes under 
different conditions 

 Data analysis goal: determine the collective 
functions by a group of genes
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GSA applications in drug discovery

Disease Mechanisms

Shitara, K., Janjigian, Y.Y., Ajani, J. et al. 
Nivolumab plus chemotherapy or 
ipilimumab in gastroesophageal cancer: 
exploratory biomarker analyses of a 
randomized phase 3 trial. Nat Med 31, 
1519–1530 (2025).

Identifying MAPK pathway 
in gastroesophageal cancer 

Drug Repositioning 

Mårten C. G. Winge et al. , Repurposing 
an epithelial sodium channel inhibitor 
as a therapy for murine and human 
skin inflammation. Sci. Transl. Med. 16, 
eade5915 (2024).

Recognizing Benzamil for 
human skin inflammation 

treatment



 Limited to curated 
knowledge and/or 
predefined gene 
sets

 No explanation to 
support predictions

10
Subramanian, Tamayo, et al. (2005, PNAS); Mootha, Lindgren, et al. (2003, Nature Genetics).

https://www.pnas.org/content/102/43/15545
http://www.nature.com/ng/journal/v34/n3/abs/ng1180.html
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Input 
genes

LLMs

Annotated 
Gene Sets



 Pros: scalable; 
consistent

 Cons: Self-
preference; limited 
factual checking 

 We propose an AI 
agent that performs 
automatic self-
verification grounded 
in domain knowledge 
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Input 
genes

LLMs

Annotated 
Gene Sets

Narratives

Function 
terms

AI Agent for Self-Verification

Domain 
databases

Generation

Zhizheng Wang, PhD
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Claims for Verification

Automatically Select API 
based on Genes in Claims

Access Domain DBs for 
Relevant Gene Functions

Make a Report to Support or 
Refute the Original Claims
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Dataset #gene sets #genes Avg. genes

Gene Ontology 1,000 3 to 456 48.32
NeST 50 5 to 323 18.96
MsigDB 56 4 to 200 112.00
All 1,106 3 to 456 50.67



 To assess its potential utility in 
real-world applications

 Worked with domain experts 
from NCI/NLM

 Novel gene sets from mouse 
B2905 melanoma cell line

Chi-Ping Day PhD 
Lab of Cancer Biology and Genetics,

Cancer Data Science Lab, NCI

Christina Ross, Ph.D. NCI
Lab of Cancer Biology and Genetics 

Wang, et al. GeneAgent: Self-verification Language Agent for Gene Set Knowledge Discovery using 
Domain Databases. Nature Methods, 2025. 
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ID
Generated by 

GPT-4
Generated by 

GeneAgent
Gene 

Coverage

Better Output Annotated by Genomic Experts

Relevance Readability Consistency Comprehensive Final Decision

GPT-4 GeneAgent GPT-4 GeneAgent GPT-4 GeneAgent GPT-4 GeneAgent GPT-4 GeneAgent

mmu05171 
(HA-R)

Ribosomal Protein 
Synthesis

Cytosolic 
Ribosome and 
Protein 
Synthesis

33/36 ○ ○ ○ ○ ○ ○ ○ ✓

mmu03010 
(HA-R)

Ribosomal Protein 
Synthesis and 
Assembly

Cytosolic 
Ribosome

34/35 ○ ○ ○ ○ ○ ○ ○ ✓
mmu03010 
(HA-S)

Ribosomal Protein 
Synthesis

Cytosolic 
Ribosome

13/49 × ×

mmu05171 
(HA-S)

Ribosomal Protein 
Synthesis

Cytosolic 
Ribosome 
Assembly and 
Protein 
Synthesis

47/47 ○ ○ ○ ○ ○ ✓

mmu04015 
(HA-S)

MAPK/ERK 
Pathway 
Regulation

Rap1 Signaling 
Pathway

27/27 ○ ○ ○ ○ ○ ○ ○ ✓

mmu05100 
(HA-S)

Caveolae-
Mediated 
Endocytosis and 
Actin Remodeling

Bacterial 
Invasion of 
Epithelial 
Cells

19/19 ○ ○ ○ ○ ○ ✓

mmu05022 
(LA-S)

Oxidative 
Phosphorylation 
and 
Neurodegeneration

Neurodegener
ation and 
Respiratory 
Chain 
Complex

23/24 ○ ○ ○ ○ ○ ✓



 Human & mouse 
genes only

 Very large gene sets

 Add contextual 
information (study 
designs, experimental 
conditions)
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➢ Benchmarking stock models on medical tasks

➢ MedCal-Bench: evaluating LLMs for medical calculations (NeurIPS oral, 24)

➢ Evaluating LLMs on various BioNLP tasks (Nature Communications. 2025)

➢ Enhancing standard LLMs with domain-specific data or tools

➢ GeneGPT: domain tool learning (Bioinformatics, 2024) 

➢ MedRAG: Best practices with retrieval augmented generation (ACL 2024, PSB 2025)

➢ Multimodal LLMs in Healthcare

➢ Assessing Progress of Multimodal LLM Performance on Clinical Cases (Radiology, 2025)

➢ Developing MLLMs with CT images and clinical notes (Nature Biomedical Engineering, in press)

➢ Agentic AI systems:

➢ TrialGPT: patient-trial matching (Nature Communications, 2024)

➢ GeneAgent: Gene set analysis with domain knowledge, Nature Methods, 2025 

➢ AgentMD: automating medical risk calculation (Nature Communications, to appear)

➢ Challenges & Limitations: 

➢ Hidden flaws in multi-modal GPT4-V (npj Digital Medicine, 2024)
➢ Evaluation beyond Multiple-Choice Accuracy (Annual Review of Biomedical Data Science, 2025)

➢ Risks of AI Scientists: Prioritizing Safeguarding Over Autonomy (Nature Communications, in press)
➢ AI model vulnerability under adversarial attacks (Nature Communications, to appear) 22
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