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A.	Personal Statement
I am an Associate Professor at the Institute for Immunity, Transplantation and Infection and the Stanford Center for Biomedical Informatics Research in Department of Medicine and Department of Biomedical Data Sciences at Stanford University. I am also the Chair of the Computational Systems Immunology track in Stanford Immunology Graduate Program. I am the lead PI for systems immunology analyses of several collaborative projects, including cooperative centers on human immunology (CCHI) and severe asthma research program (SARP), and has served as bioinformatics core leader for human immunology project consortium (HIPC). My research is focused on developing novel computational methods and frameworks for large-scale integrated systems-level analysis of molecular data. I have developed several highly cited and widely used methods for (1) ontological and pathway analysis of high throughput molecular data, (2) leveraging biological, clinical, and technical heterogeneity in publicly available data for integrated, multi-cohort analyses, and (3) integration of high throughput epigenomic, genomics, proteomics, and cellular data. Using these methods, I have integrated data sets from multiple centers consisting of distinct patient cohorts with different biological and technical confounders, often in collaboration with many investigators on the Stanford campus, and at other institutes, (i) to identify highly specific and sensitive biomarkers for acute rejection across all transplanted organs, cancers (pancreatic cancer, small cell and non-small cell lung cancer), infectious diseases (sepsis, respiratory viral infections, tuberculosis, SARS-CoV-2), and autoimmune diseases, (ii) to suggest repositioning of FDA-approved drugs for treating patients with organ transplant or an autoimmune disease, (iii) to identify novel genes involved in non-small cell lung cancer and pancreatic cancer carcinogenesis that may be a potential drug target, and (iv) to predict vaccine response. Several of these diagnostics are now being translated as point-of-care diagnostics. More recently, I co-developed with Dr. Paul J Utz, a mass cytometry-based epigenetic profiling technique at a single-cell resolution, EpiTOF, for measuring changes in histone modifications at single-cell level. Using EpiTOF, I have (i) quantified effects of environment on epigenetic in aging, (ii) demonstrated memory in innate immune cells following vaccination, and (iii) identified a novel epigenetic mechanism regulating monocyte-to-macrophage differentiation. 
B.	Positions and Honors
Positions and Employment
	2001-2006		Research Assistant, Wayne State University, Department of Computer Science, Detroit, MI
	2006-2008		Postdoctoral Scholar, Wayne State University, Department of Computer Science, Detroit, MI
	2008-2010		Postdoctoral Scholar, Stanford University, Center for Biomedical Research, Stanford, CA
	2010-2013		Research Associate, Stanford University, Division of Systems Medicine, Stanford, CA
	2013-2014		Acting Assistant Professor, Stanford University, Department of Medicine, Stanford, CA
	2014-2018		Assistant Professor, Stanford University, Department of Medicine, Stanford, CA
	2018-Present 	Associate Professor, Stanford University, Department of Medicine, Stanford, CA
C.	Contributions to Science
1. Developing novel methods to leverage heterogeneity present in public data through integrated multi-cohort analysis. A typical biological experiment is a controlled experiment, which does not represent the real-world patient heterogeneity because biological, clinical, and technical heterogeneity is controlled. Hence, a disease signature identified using these homogeneous data mostly fails to translate in clinical practice. Availability of large amounts of publicly available heterogeneous data provides a unique opportunity to represent biological, clinical, and technical heterogeneity up front in the analysis. However, presence of these biological and technological confounding factors in different datasets also present challenges in their integration in a single analysis. I developed a novel framework for integrated, multi-cohort analysis of heterogeneous data to identify robust signatures of diseases that are observed across multiple datasets, and are not affected by various confounding factors present in individual datasets. I have repeatedly demonstrated successful application of framework to integrate data sets from multiple centers consisting of distinct patient cohorts with different sources of biological and technical confounders across a broad spectrum of diseases (i) to identify highly specific and sensitive biomarkers for acute rejection across all transplanted organs, cancers (pancreatic cancer and non-small cell lung cancer), autoimmune diseases (systemic sclerosis, fibrosis, ulcerative colitis, Chron’s disease, lupus), influenza vaccine response, and infectious diseases (sepsis, respiratory viral infections, tuberculosis, dengue), (ii) to suggest repositioning of FDA-approved drugs for treating transplant patients, and (iii) to identify novel drug targets in non-small cell lung cancer and pancreatic cancer carcinogenesis. One of the drug targets, PTK7, we identified for lung cancer is already in a Phase II trial by Pfizer.
This multi-cohort analysis framework is also generalizable to other data modalities. Using the underlying principle that biological, clinical, and technical heterogeneity across datasets is a blessing, my lab developed a method for virtual cytometry, called in silico deconvolution, to estimate proportions of 20 immune cell types using bulk transcriptome data. We have applied this method, immunoStates, to demonstrate that higher proportions of NK cells are associated with protection with progression to active tuberculosis from latent tuberculosis, and lower KLRD1-expressing NK cell proportions prior to influenza infection increase the risk of infection upon exposure.
a. Timothy E Sweeney, Winston A Haynes, Francesco Vallania, John P Ioannidis, Purvesh Khatri. Methods to increase reproducibility in differential gene expression via meta-analysis. Nucleic Acids Res. 2017, 45(1):e1. PMCID: PMC5224496
b. Francesco Vallania, Andrew Tam, Shane Lofgren, Steven Schaffert, Tej D Azad, Erika Bongen, Winston Haynes, Meia Alsup, Michael Alonso, Mark Davis, Edgar Engleman, Purvesh Khatri. Leveraging heterogeneity across multiple datasets increases cell-mixture deconvolution accuracy and reduces biological and clinical biases. Nature Communications 2018 9(4735). PMCID: PMC5226523
c. Madeleine K D Scott, Katie Quinn, Qin Li, Robert Carroll, Hayley Warsinske, Francesco Vallania, Shirley Chen, Mary A Carns, Kathleen Aren, Jiehuan Sun, Kimberly Koloms, Jungwha Lee, Jessika Baral, Jonathan Kropski, Hongyu Zhao, Erica Herzog, Fernando J Martinez, Bethany B Moore, Monique Hinchcliff, Joshua Denny, Naftali Kaminski, Jose D Herazo-Maya, Nigam H Shah§, Purvesh Khatri§. Increased monocyte count as a cellular biomarker for poor outcomes in fibrotic diseases: a retrospective, multicentre cohort study. The Lancet Respiratory Medicine 2019, 7(6):497-508. PMCID: PMC6529612
d. Roshni Roy Chowdhury, Francesco Vallania, Qiantian Yang, Fatoumatta Darboe, Adam Penn-Nicholson, Virginie Rozot, Cesar Joel Lopez Angel, Willem Hanekom, Mark M. Davis, Xinchun Chen, Thomas J. Scriba, Purvesh Khatri§, Yueh-hsiu Chien§. A multi-cohort study of the immune factors associated with M. tuberculosis infection outcomes. Nature 2018 560:644-648. PMCID: PMC6414221
2. 	 Developing host response-based diagnostics for infectious diseases using public data. Sepsis is a whole-body inflammation syndrome set off when the immune system wildly overreacts to the presence of infectious pathogens. It is the leading cause of hospital deaths in the United States, accounting for nearly half of the total number, and is tied to the early deaths of at least 750,000 Americans each year. Its estimated annual cost to the health-care system exceeds $24 billion. It is critical for clinicians to diagnose sepsis accurately and quickly, because the risk of death from this condition increases with every passing hour it goes untreated. However, there are no rapid, definitive diagnostic blood tests for sepsis. Using our multi-cohort analysis framework, we analyzed 27 independent cohorts composed of more than 2,900 blood samples to identify a “recovery signature” in trauma patients as they recover during their stay in hospitals, which confounds the majority of the sepsis studies. This work is an example of using large amounts of publicly available data to identify transcriptional signatures capable of distinguishing different types of inflammation that are clinically usable.
Similarly, we have analyzed 27 independent cohorts from 19 data sets consisting of 3,819 samples that were collected in 7 countries, representing infections from 7 viruses and 4 bacteria in whole blood, PBMC and epithelial cells. Using these data, we have identified a common host transcriptional signature across different respiratory viral infections that can distinguish individuals with viral infections from healthy controls and those with bacterial infections. We have recently shown that the conserved host response is associated with severity of viral infection and can predict outcome with high accuracy at presentation, irrespective of infecting virus, including SARS-CoV-2, Ebola, chikungunya, influenza.
a. Timothy E. Sweeney, Aaditya Shidham, Hector R. Wong, Purvesh Khatri. A comprehensive time-course–based multicohort analysis of sepsis and sterile inflammation reveals a robust diagnostic gene set. Science Translational Medicine 2015 7 (287), 287ra71-287ra71. PMCID: PMC4734362
b. Marta Andres-Terre, Helen M McGuire, Yannick Pouliot, Erika Bongen, Timothy E Sweeney, Cristina M Tato, Purvesh Khatri. Transcriptional signatures of viral infection across multiple respiratory viruses derived from integrated, multi-cohort analysis. Immunity 2015 43(6):1199-1211. PMCID: PMC4684904
c. Timothy E Sweeney, Lindsey Braviak, Cristina M Tato, Purvesh Khatri. Genome-wide expression for diagnosis of pulmonary tuberculosis: a multicohort analysis. The Lancet Respiratory Medicine. 2016 Feb 19;4(3):213–224. PMCID: PMC4838193
d. Hong Zheng, Aditya M Rao, Denis Dermadi, Jiaying Toh, Lara Murphy Jones, Michele Donato, Yiran Liu, Yapeng Su, Minas Karagiannis, Theodoros Marantos, Yehudit Hasin-Brumshtein, Yudong D He, Evangelos J Giamarellos-Bourboulis, Jim Heath, Purvesh Khatri. Multi-cohort analysis of host immune response identifies conserved protective and detrimental modules associated with severity irrespective of virus. Immunity 2021, 54:1-16.
3. Translational medicine by integrating molecular and clinical data and developing point-of-care tests. Methods for multi-cohort analysis developed in my lab have repeatedly facilitated integrated analysis of molecular data with clinical data. Using the multi-cohort analysis framework, we identified a common rejection module across all transplanted organs and predicted two FDA-approved drugs that can be used to organ transplant patients. Using longitudinal electronic health records of patients with kidney transplant, we showed that those treated with the drug we predicted had 30% lower risk of graft failure than those who were not. Similarly, using immunoStates, we identified that higher absolute monocyte counts at the time of diagnosis of a fibrotic disease is predictive of long-term adverse outcomes. We validated this prediction using electronic health records from 3 independent sources.
	We have also advanced several of the host response-based diagnostics in to point-of-care tests. Our 3-gene host response-based signature for diagnosis and prediction of progression to active tuberculosis has been successfully translated into a point-of-care test using the GeneXpert platform from Cepheid Inc. The cartridge has been validated in independent cohrots by the Foundation for Innovative New Diagnostics (FIND) and shown to meet the World Health Organization target product profile for ending TB by 2035. Similarly, a 29-mRNA signature developed in my lab is also being translated in a point-of-care test with 30-minute turn-around-time for diagnosis of sepsis and type of pathogen (bacterial or viral).
a. Purvesh Khatri, Silke Roedder, Naoyuki Kimura, Katrien De Vusser, Alexander A. Morgan, Yongquan Gong, Michael P. Fischbein, Robert C. Robbins, Maarten Naesens, Atul J. Butte, and Minnie M. Sarwal. A common rejection module (CRM) for acute rejection across multiple organs identifies novel therapeutics for organ transplantation. Journal of Experimental Medicine, 2013. 210(11):2205-2221. PMCID: PMC3804941
b. Madeleine K D Scott, Katie Quinn, Qin Li, Robert Carroll, Hayley Warsinske, Francesco Vallania, Shirley Chen, Mary A Carns, Kathleen Aren, Jiehuan Sun, Kimberly Koloms, Jungwha Lee, Jessika Baral, Jonathan Kropski, Hongyu Zhao, Erica Herzog, Fernando J Martinez, Bethany B Moore, Monique Hinchcliff, Joshua Denny, Naftali Kaminski, Jose D Herazo-Maya, Nigam H Shah§, Purvesh Khatri§. Increased monocyte count as a cellular biomarker for poor outcomes in fibrotic diseases: a retrospective, multicentre cohort study. The Lancet Respiratory Medicine 2019, 7(6):497-508. PMCID: PMC6529612
c. Erik Södersten, Stefano Ongarello, Ann Mantsoki, Romain Wyss, David H Persing, Sara Banderby, Linda Strömqvist Meuzelaar, Jacqueline Prieto, Devasena Gnanashanmugam, Purvesh Khatri, Samuel G Schumacher, Claudia M Denkinger. Diagnostic accuracy study of a novel blood-based assay for identification of TB in people living with HIV. Journal of Clinical Microbiology 2020 (in press). PMID: 33298607.
d. Michael B. Mayhew, Ljubomir Buturovic, Roland Luethy, Uros Midic, Andrew R. Moore, Jonasel A. Roque, Brian D. Shaller, Tola Asuni, David Rawling, Melissa Remmel, Kirindi Choi, James Wacker, Purvesh Khatri, Angela J. Rogers & Timothy E. Sweeney. A generalizable 29-mRNA neural-network classifier for acute bacterial and viral infections. Nature Communications 2020, 11:1177. PMCID: PMC7055276
4. Characterization of histone post-translational modifications at single-cell level using mass cytometry. A major new area of my lab’s efforts (together with Paul Utz’s lab) is to apply CyTOF to (1) characterize epigenetic marks in blood cells; (2) identify epigenetic enzymes such as lysine methyltransferases, acetyltransferases, deacetylases, demethylases, and peptidyl arginine deiminases that are associated with immune responses; and (3) to take advantage of this information to design new diagnostics and therapeutic targets. My lab recently co-developed EpiTOF by leveraging the multiplexing capacity and single-cell resolution of mass cytometry. EpiTOF enables quantitative measurements of the cellular levels of histone post-translational modifications in individual immune cells, and such identification of differential histone marks and alterations in the epigenome can then guide locus-specific analyses (e.g., ChIP-seq and ATAC-seq). Using EpiTOF, we successfully identified epigenetic alterations associated with aging in the human immune system. My lab’s expertise in EpiTOF, knowledge in epigenetic gene regulation, and ability to develop state-of-the-art analytic methods will provide unique and important support to the studies described in the current proposal.
a. Chung P, Vallania F, Warsinske HC, Donato M, Schaffert S, Change SE, Dekker CL, Davis MM, Utz PJ§, Purvesh Khatri§, Kuo AJ§. Single-cell epigenetic landscape profiling of human immune system reveals increased variations at chromatic with aging. Cell 2018, 15:340-354. PMCID: PMC7051208
b. Peggie Cheung, Purvesh Khatri, Paul J Utz, Alex Kuo. Single-cell technologies — studying rheumatic diseases one cell at a time. Nature Reviews Rheumatology 2019, 15:340-354. PMCID: PMC7051208
c. Wimmers F, Donato M, Kuo A, Ashuach T, Gupta S, Li C, Dvorak M, Foecke MH, Chang SE, Hagan T, Jong SED, Maecker HT, Most R van der, Cheung P, Cortese M, Bosinger SE, Davis M, Rouphael N, Subramaniam S, Yosef N, Utz PJ, Khatri P, Pulendran B. The single-cell epigenomic and transcriptional landscape of immunity to influenza vaccination. Cell 2021, 184:3915-3935.e21.
d. Cheung P*, Schaffert S*, Chang SE*, Dvorak M, Donato M, Macaubas C, Foecke MH, Li T-M, Zhang L, Coan JP, Schulert GS, Grom AA, Henderson LA, Nigrovic PA, Elias JE, Gozani O, Mellins ED§, Khatri P§, Utz PJ§, Kuo AJ§. Repression of CTSG, ELANE and PRTN3-mediated histone H3 proteolytic cleavage promotes monocyte-to-macrophage differentiation. Nature Immunology. 2021;1–12. PMCID: PMC8159908
5. Developing novel methods for ontological and pathway analysis for interpretation of high throughput molecular data. I developed the first tool, called Onto-Express, for ontological analysis of transcriptomic data using the Gene Ontology annotations for identifying significant biological processes in a condition under study. The approach has been very successful, and a large number of tools similar to Onto-Express have been developed in the 10 years following its release. Following wide adoption of Onto-Express, I expanded his work to develop a suite of ontology-based analytical tools, called Onto-Tools, which has more than 15,000 registered users worldwide. As ontological analysis approaches similar to Onto-Express were widely adopted, it became increasingly clear that these methods did not leverage the knowledge embedded in pathway knowledgebase such as KEGG, Reactome, BioCarta, etc. to their full potential. For instance, these approaches did not account for regulatory interactions (activation or inhibition) between genes in different pathways and did not consider the type of genes (e.g., ligand, vs. receptor vs. transcriptional factor). I developed novel pathway analysis methods, Pathway-Express and SPIA to account for pathway topology. 
a. Purvesh Khatri, Sorin Draghici, G. Charles Ostermeier, Stephen A Krawetz. Profiling gene expression using Onto-Express. Genomics 2002, 79(2): 266-270. (PMID: 11829497)
b. Sorin Draghici, Purvesh Khatri, Adi Laurentiu Tarca, Kashyap Amin, Arina Done, Calin Voichita, Constantin Georgescu and Roberto Romero. A systems biology approach for pathway level analysis. Genome Research, 2007 Oct; 17(10): 1537-1545. PMCID: PMC1987343
c. Adi Laurentiu Tarca, Sorin Draghici, Purvesh Khatri, Sonia S. Hassan, Pooja Mittal, Jung-sun Kim, Chong Jai Kim, Juan Pedro Kusanovic, and Roberto Romero. A novel signaling pathway impact analysis. Bioinformatics, 2009; 25(1): 75-82. PMCID: PMC2732297
d. Purvesh Khatri, Marina Sirota, and Atul J. Butte. Ten Years of Pathway Analysis: Current Approaches and Outstanding Challenges. PLoS Computational Biology 8(2): e1002375, 2012. PMCID: PMC3285573
Complete List of Published Work in MyBibliography:
https://www.ncbi.nlm.nih.gov/myncbi/purveshkumar.khatri.1/bibliography/public/
D.	Additional Information: Research Support and/or Scholastic Performance 
Ongoing Research Support

	U19 AI057229 (Davis)
NIAID/NIH
	05/01/2014 – 03/31/2024

	


Adaptive and innate immunity, memory and Repertoire in Vaccination and infection
Dr. Khatri leads the Bioinformatics Core for the analysis of gene expression data.		
Role:  Co-Investigator
R01AI125197 (Utz) 	07/01/2016 – 06/30/2021		
NIAID/NIH
Influenza Vaccine Prediction using GMR sensors
Dr. Khatri serves as a co-investigator on this proposal and will be responsible for analysis of data generated in each of the three aims for performing systems biology analysis of influenza vaccination.
Bill & Melinda Gates Foundation (Davis, PI)	10/01/2016-09/30/2022 
Global Health-Vaccine Accelerator Program Infrastructure
The goal of this project is to build a technological and computational framework for accelerating vaccine development for infectious diseases.
Role: Co-I
Bill & Melinda Gates Foundation	10/01/2018-09/30/2021 
Understanding role of NK cells in Tuberculosis
The goal of this project is to investigate role of NK cells in conferring protection against progression from latent Mtb infection to active disease.
Role: Co-PI
Bill & Melinda Gates Foundation	05/01/2018-09/30/2021 
RNA-seq analysis of BCG vaccine in non-human primates
The goal of this project is to identify cellular and transcriptomic immune correlates of protection in BCG-vaccinated non-human primates.
Role: PI
Department of Defense (Catanzaro, PI)	09/30/2018-09/29/2021
A Rapid Blood Test to Differentiate Latent Tuberculosis from Active Disease
The goal of this project is to perform multi-cohort analysis of 
Role: Stanford-site PI
Department of Defense (Einav, PI)	09/30/2019-09/29/2022
Immune mechanisms of pathogenesis and viral clearance in dengue patients
The goal of this project is to perform multi-cohort analysis of dengue-infected patients to identify prognostic signatures of severe outcome in adult patients.
Role: Co-PI
Completed research support
1R01HL12288701A1 (Rabinovitch) 	08/01/2015 – 03/31/2019									
NIH
Integrative Omics of Macrophage-Vascular Interaction in Pulmonary Hypertension
Dr. Khatri will carry out integrated multii-cohort analysis of the existing data sets of activated macrophages and activated vascular cells and PAH and novel data sets of macrophages and vascular cells from IPAH vs. control patients.
Role:  Co-I
	Dr. Ralph & Marian Falk Medical Research Trust (Einav)
	12/31/2018 – 12/30/2020

	


Towards predicting and preventing the development of severe dengue
The goal of this project is to perform multi-cohort analysis of dengue-infected patients to identify prognostic signatures of severe outcome in pediatric patients.
Role: Co-PI
