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PROFESSIONAL PREPARATION

INSTITUTION AND LOCATION DEGREE Start Date | Completion Date FIELD OF STUDY
Geisel School of Medicine at Dartmouth, Hanover, Postdoctoral . .
New Hampshire, United States Fellow 1072013 112018 Cancer Epigenetics
Centre of Research in Environmental Postdoctoral
Epidemiology, Barcelona, Not Applicable, N/A, Fellow 08/2015 09/2015 Environmental Epigenetics
Spain
Universitat Pompeu Fabra, Barcelona, Not Doctor of . ..
Applicable, N/A, Spain Philosophy (PHD) | 12011 0712015 Biomedicine
Universitat Pompeu Fabra, Barcelona, Not Master of Public 05/2008 09/2011 Public Health
Applicable, N/A, Spain Health (MPH) (Environmental Health)
Universidad de Antioquia, Bogota, Not Applicable, | Master of Science . .
N/A, Colombia (MS) 01/2002 04/2007 Epidemiology
Universidad Nacional de Colombia, Bogota, Not Doctor of 12/2001 ..
Applicable, N/A, Colombia Medicine (MD) 12/1993 Medicine
Appointments and Positions

2020 - present Assistant Professor Department of Epidemiology, Geisel School of Medicine at Dartmouth, Hanover, New
Hampshire, United States

Products
Products Closely Related to the Proposed Project
1. Zhang Z, Reynolds SR, Stolrow HG, Chen JQ, Christensen BC, Salas LA. Deciphering the role of immune cell composition in
epigenetic age acceleration: Insights from cell-type deconvolution applied to human blood epigenetic clocks. Aging Cell. 2024
Mar;23(3):¢14071. PubMed Central PMCID: PMC10928575.

2. Salas LA, Zhang Z, Koestler DC, Butler RA, Hansen HM, Molinaro AM, Wiencke JK, Kelsey KT, Christensen BC. Enhanced
cell deconvolution of peripheral blood using DNA methylation for high-resolution immune profiling. Nat Commun. 2022 Feb
9;13(1):761. PubMed Central PMCID: PMC8828780.

3. Salas LA, Koestler DC, Butler RA, Hansen HM, Wiencke JK, Kelsey KT, Christensen BC. An optimized library for reference-
based deconvolution of whole-blood biospecimens assayed using the Illumina HumanMethylationEPIC BeadArray. Genome
Biol. 2018 May 29;19(1):64. PubMed Central PMCID: PMC5975716.

4. Zhang Z,Lu 'Y, Vosoughi S, Levy JJ, Christensen BC, Salas LA. HiTAIC: hierarchical tumor artificial intelligence classifier
traces tissue of origin and tumor type in primary and metastasized tumors using DNA methylation. NAR Cancer. 2023
Jun;5(2):zcad017. PubMed Central PMCID: PMC10113876.

5. Zhang Z, Wiencke JK, Kelsey KT, Koestler DC, Christensen BC, Salas LA. HiTIMED: hierarchical tumor immune
microenvironment epigenetic deconvolution for accurate cell type resolution in the tumor microenvironment using tumor-type-
specific DNA methylation data. J Transl Med. 2022 Nov 8;20(1):516. PubMed Central PMCID: PM(C9644569.

Other Significant Products Highlighting Contributions to Science
1. Pike SC, Wiencke JK, Zhang Z, Molinaro AM, Hansen HM, Koestler DC, Christensen BC, Kelsey KT, Salas LA. Glioma

immune microenvironment composition calculator (GIMiCC): a method of estimating the proportions of eighteen cell types
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from DNA methylation microarray data. Acta Neuropathol Commun. 2024 Oct 28;12(1):170. PubMed Central PMCID:
PMC11514818.

2. Zhang Z, Wiencke JK, Kelsey KT, Koestler DC, Molinaro AM, Pike SC, Karra P, Christensen BC, Salas LA. Hierarchical
deconvolution for extensive cell type resolution in the human brain using DNA methylation. Front Neurosci. 2023;17:1198243.
PubMed Central PMCID: PMC10315586.

3. Zhang Z, Lee MK, Perreard L, Kelsey KT, Christensen BC, Salas LA. Navigating the hydroxymethylome: experimental biases
and quality control tools for the tandem bisulfite and oxidative bisulfite [llumina microarrays. Epigenomics. 2022
Feb;14(3):139-152. PubMed Central PMCID: PMC8914583.

4. Pike SC, Havrda M, Gilli F, Zhang Z, Salas LA. Immunological shifts during early-stage Parkinson's disease identified with
DNA methylation data on longitudinally collected blood samples. NPJ Parkinsons Dis. 2024 Jan 11;10(1):21. PubMed Central
PMCID: PMC10784484.

5. Lee MK, Azizgolshani N, Zhang Z, Perreard L, Kolling FW, Nguyen LN, Zanazzi GJ, Salas LA, Christensen BC. Associations
in cell type-specific hydroxymethylation and transcriptional alterations of pediatric central nervous system tumors. Nat
Commun. 2024 Apr 30;15(1):3635. PubMed Central PMCID: PMC11061294.
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NIH BIOGRAPHICAL SKETCH SUPPLEMENT

Name: Salas Diaz, Lucas A.

Persistent Identifier (PID) of the Senior/Key Person: https://orcid.org/0000-0002-2279-4097

Position Title: Assistant Professor Department of Epidemiology

Organization and Location: Geisel School of Medicine at Dartmouth, Hanover, New Hampshire, United States

Personal Statement

I am an Early-Stage Investigator and Assistant Professor of Epidemiology at Dartmouth’s Geisel School of Medicine. My lab develops
epigenomic and transcriptomic methods to quantify immune and tumor heterogeneity in human disease, with applications in cancer,
neurodegeneration, and metabolic disorders. I led the development of DNA methylation cytometry tools for high-resolution immune
profiling, including FlowSorted.BloodExtended.EPIC, which infers 12 immune cell types from blood methylation data and has been
widely adopted in studies of aging and disease. Building on this foundation, I extended these approaches to tissue and tumor contexts
by developing HiTIMED for carcinoma microenvironments, GIMiCC for CNS tumors, and HiTAIC for tumor origin and type
classification using DNA methylation patterns. Despite major advances in immune deconvolution, current transcriptomic approaches
often don’t generalize across tissues and cohorts, are vulnerable to batch and platform shifts, and still lack the resolution needed to
quantify rare or closely related immune subsets and their regulatory states in real-world human data.

This application will expand these frameworks by integrating additional epigenomic and epitranscriptomic modalities, including
hydroxymethylation and m6A-based profiling, to better characterize immune cell heterogeneity and regulatory states across cancer
and neurodegenerative disease. The proposed work draws on my expertise in method development, multi-omic integration, and
dissemination of open-source tools, and will generate broadly reusable resources for the research community.

Honors

2023 - 2026 Chair, Academic Performance Committee, Geisel School of Medicine at Dartmouth

2022 Grant Reviewer, American Cancer Society

2022 - 2024 Grant Reviewer, CDMRP Kidney Cancer

2010 - 2011 Erasmus Columbus Scholarship (MPH Scholarship) , Universitat Pompeu Fabra

2001 - 2001 Best ECAES (currently best "Saber Pro"). Sixth national place in the standardized test of medical sciences
knowledge among medical students in Colombia , Universidad Nacional de Colombia

1996 - 2001 Best National High School Graduates Scholarship Program, Universidad Nacional de Colombia

Contributions to Science
1. Broadly deployable methods for immune profiling from DNA methylation:

I develop computational epigenomics methods thatinfer immune and stromal cell composition from DNA methylation data,
enabling immune profiling in large cohorts and archived biospecimens where direct immunophenotyping is not feasible. These
methods support robust estimation of complex cell mixtures across study designs and improve the biological interpretability of
epigenetic association studies by accounting for cellular heterogeneity. This work builds on a broader program of methylation
cytometry and method development, and it provides a foundation for extending immune inference across tissues and disease
contexts.

Products referenced:

Pike et al., Acta Neuropathologica Communications, 2024 (GIMiCC)

Zhang et al., Frontiers in Neuroscience, 2023.

2. DNA methylation cytometry reveals clinically relevant immune states associated with immunotherapy outcomes:
I apply methylation-derived immune profiling to clinically anchored studies toidentify immune signatures that predict

therapeutic response and prognosis. This work demonstrates that peripheral blood methylation can capture informative
immune states when combined with tumor features, enabling scalable immune monitoring approaches that complement
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genomic and clinical predictors. More broadly, these studies illustrate how methylation-derived immune profiles can be used
as interpretable biomarkers in real-world cohorts where sample handling and batch effects often limit conventional
immunophenotyping.

Products referenced:

Zhang et al., NPJ Precision Oncology, 2024.

3. Epigenomic profiling of immune dynamics in longitudinal human studies:

I apply methylation-derived immune profiling to longitudinal datasets to characterize immune changes over timein early-stage
disease. By leveraging repeated blood sampling, this work demonstrates that methylation cytometry can detect dynamic
immune shifts in real-world cohorts where variation in processing, batching, and storage often limits conventional
immunophenotyping. These results support the feasibility of using epigenomic data to quantify immune dynamics at scale in
observational and clinical research settings.

Products referenced:

Pike et al., NPJ Parkinson’s Disease, 2024.

4. Extending methylation-based deconvolution to complex tissues and the human brain:

To broaden methylation cytometry beyond peripheral blood, I developedhierarchical deconvolution methods for complex
tissues, including brain. These approaches enable extensive resolution of cell mixtures in tissues where cell sorting is not
possible and provide a foundation for studying cell-type structure and heterogeneity across neurobiological contexts and
disease states. Together with tumor-focused extensions, these methods support a generalizable framework for inferring cellular
composition across distinct tissue environments using epigenomic data.

Products referenced:

Zhang et al., Frontiers in Neuroscience, 2023

Pike et al., Acta Neuropathologica Communications, 2024 (GIMiCC).

5. Integrating hydroxymethylation and transcriptomics to resolve regulatory heterogeneity:

I contribute to multi-omic epigenomic profiling approaches that integrate hydroxymethylation and gene expression, anchored
by single-cell information, to resolve cell type-specific regulatory programs in pediatric central nervous system tumors. This
work expands epigenomic inference beyond conventional methylation profiling and provides a framework for interpreting
regulatory heterogeneity across cell types within complex tissues. This direction supports future integration of additional
epigenomic modalities to improve mechanistic inference and generalizability across cohorts and disease contexts.

Products referenced:

Lee et al., Nature Communications, 2024.

My bibliography: https://www.ncbi.nlm.nih.gov/myncbi/lucas.salas. 1/bibliography/public/
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       ### Broadly deployable methods for immune profiling from DNA methylation: 
I develop computational epigenomics methods that **infer immune and stromal cell composition from DNA methylation data**, enabling immune profiling in large cohorts and archived biospecimens where direct immunophenotyping is not feasible. These methods support robust estimation of complex cell mixtures across study designs and improve the biological interpretability of epigenetic association studies by accounting for cellular heterogeneity. This work builds on a broader program of methylation cytometry and method development, and it provides a foundation for extending immune inference across tissues and disease contexts.
**Products referenced**: 
Pike et al., *Acta Neuropathologica Communications*, 2024 (GIMiCC) 
Zhang et al., *Frontiers in Neuroscience*, 2023.
    
     
       ### DNA methylation cytometry reveals clinically relevant immune states associated with immunotherapy outcomes: 

I apply methylation-derived immune profiling to clinically anchored studies to **identify immune signatures that predict therapeutic response and prognosis**. This work demonstrates that peripheral blood methylation can capture informative immune states when combined with tumor features, enabling scalable immune monitoring approaches that complement genomic and clinical predictors. More broadly, these studies illustrate how methylation-derived immune profiles can be used as interpretable biomarkers in real-world cohorts where sample handling and batch effects often limit conventional immunophenotyping.
**Products referenced**: 
Zhang et al., *NPJ Precision Oncology*, 2024.
    
     
       ### Epigenomic profiling of immune dynamics in longitudinal human studies: 
I apply **methylation-derived immune profiling to longitudinal datasets to characterize immune changes over time** in early-stage disease. By leveraging repeated blood sampling, this work demonstrates that methylation cytometry can detect dynamic immune shifts in real-world cohorts where variation in processing, batching, and storage often limits conventional immunophenotyping. These results support the feasibility of using epigenomic data to quantify immune dynamics at scale in observational and clinical research settings.
**Products referenced**: 
Pike et al., *NPJ Parkinson’s Disease*, 2024.
    
     
       ### Extending methylation-based deconvolution to complex tissues and the human brain: 
To broaden methylation cytometry beyond peripheral blood, I developed **hierarchical deconvolution methods for complex tissues, including brain**. These approaches enable extensive resolution of cell mixtures in tissues where cell sorting is not possible and provide a foundation for studying cell-type structure and heterogeneity across neurobiological contexts and disease states. Together with tumor-focused extensions, these methods support a generalizable framework for inferring cellular composition across distinct tissue environments using epigenomic data.
**Products referenced**: 
Zhang et al., *Frontiers in Neuroscience*, 2023 
Pike et al., *Acta Neuropathologica Communications*, 2024 (GIMiCC).
    
     
       ### Integrating hydroxymethylation and transcriptomics to resolve regulatory heterogeneity: 
I contribute to **multi-omic epigenomic profiling approaches that integrate hydroxymethylation and gene expression, anchored by single-cell information**, to resolve cell type-specific regulatory programs in pediatric central nervous system tumors. This work expands epigenomic inference beyond conventional methylation profiling and provides a framework for interpreting regulatory heterogeneity across cell types within complex tissues. This direction supports future integration of additional epigenomic modalities to improve mechanistic inference and generalizability across cohorts and disease contexts.
**Products referenced**: 
Lee et al., *Nature Communications*, 2024.
My bibliography: https://www.ncbi.nlm.nih.gov/myncbi/lucas.salas.1/bibliography/public/
    
     
  
   
     
       I am an Early-Stage Investigator and Assistant Professor of Epidemiology at Dartmouth’s Geisel School of Medicine. My lab develops epigenomic and transcriptomic methods to quantify immune and tumor heterogeneity in human disease, with applications in cancer, neurodegeneration, and metabolic disorders. I led the development of DNA methylation cytometry tools for high-resolution immune profiling, including FlowSorted.BloodExtended.EPIC, which infers 12 immune cell types from blood methylation data and has been widely adopted in studies of aging and disease. Building on this foundation, I extended these approaches to tissue and tumor contexts by developing HiTIMED for carcinoma microenvironments, GIMiCC for CNS tumors, and HiTAIC for tumor origin and type classification using DNA methylation patterns. Despite major advances in immune deconvolution, current transcriptomic approaches often don’t generalize across tissues and cohorts, are vulnerable to batch and platform shifts, and still lack the resolution needed to quantify rare or closely related immune subsets and their regulatory states in real-world human data.

This application will expand these frameworks by integrating additional epigenomic and epitranscriptomic modalities, including hydroxymethylation and m6A-based profiling, to better characterize immune cell heterogeneity and regulatory states across cancer and neurodegenerative disease. The proposed work draws on my expertise in method development, multi-omic integration, and dissemination of open-source tools, and will generate broadly reusable resources for the research community.
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