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A. Personal Statement 
My laboratory has both basic research and biomimetic engineering projects. Our basic research is broadly 
focused on increasing our understanding of how T cell fate decisions are made (e.g. development, activation, 
differentiation, effector functions), while our biomimetic engineering projects draw on our basic knowledge to 
develop novel immunotherapeutic reagents that can influence T cell responses to vaccines or tumors, 
prevent transplant rejection, or attenuate autoimmunity. In our basic research program we are pursuing three 
lines of hypothesis-driven science: the first involves identifying and characterizing the molecular mechanisms 
that transfer information from the outside to the inside of a T cell; the second involves characterizing how 
these unique mechanisms influence T cell fate decisions in vivo; and, the third involves determining if and 
how aging impacts T cell receptor proximal signaling events during T cell:APC interactions in order to better 
understand how aging diminishes immune capacity. Our biomimetic engineering program is aimed at 
developing multi-module chimeric antigen receptors and soluble reagents that can redirect T cell responses 
for therapeutic purposes based on the operating principles that naturally drive T cell responses. We have 
gained a broad working knowledge of the molecular and cellular components of the vertebrate immune 
system as well as expertise with a variety of in vitro and in vivo experimental systems. We have also 
established novel reductionist systems that allow us to interrogate the mechanisms by which key molecular 
machines relay information from the outside to the inside of a T cell to instruct T cell fate decisions. Finally, 
we have engineered a biomimetic 5-module chimeric antigen receptor (5MCAR) to redirect T cell activity to 
target and eliminate pathogenic T cells.  

1. Lee MS, Glassman CR, Deshpande NR, Badgandi HB, Parrish HL, Uttamapinant C, Stawski PS, Ting 
AY, and Kuhns MS; A mechanical switch couples T cell receptor triggering to the cytoplasmic 

juxtamembrane region of CD3; 2015; Immunity, 43:1-13. PMCID: PMC4545397 
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for MHCII; 2016; PNAS, 113:3000-3005. PMCID: PMC4801282 
3. Glassman CR*, Parrish HL*, Lee MS, and Kuhns MS; Reciprocal TCR-CD3 and CD4 engagement of 

a nucleating pMHCII stabilizes a functional receptor macrocomplex; 2018; Cell Reports, 22:1263-1275; 
doi: 10.1016/j.celrep.2017.12.104. PMCID:PMC5813697 

4. Deshpande NR, Parrish HL, Kuhns MS. Self-recognition drives the preferential accumulation of 
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B. Positions and Honors 
Positions and Employment 

2010-2017 Assistant Professor, University Of Arizona, Tucson, AZ   

2017- Associate Professor, University Of Arizona, Tucson, AZ  
 

Other Experience and Professional Memberships 

2010- Member, American Association of Immunologists (AAI) 
2012- Member, American Association for the Advancement of Science (AAAS)  
2016- Elected Member, Council of the Midwinter Conference of Immunologists  
2017-2019 Grant Reviewer, Wellcome Trust 
2018 Grant Reviewer, Binational Science Foundation (US-Israel)  
2020 NIH/CSR study section CMI-A, ad hoc 
 

Honors 

2001 Postdoctoral Fellowship, Cancer Research Institute 
2006 Senior Postdoctoral Fellowship, Irvington Institute Fellowship Program of the Cancer 

Research Institute 
2011 PEW Scholar in the Biomedical Sciences, PEW Charitable Trusts  
2015 Early Career Faculty Travel Grant, AAI 
2016 Early Career Faculty Travel Grant, AAI 
2017 Travel Award, SRC Signal Transduction in the Immune System 

 
B. Contributions to Science 
1. Deconstructing the mechanistic basis for T cell fate decisions. Numerous labs have contributed to the 
identification and characterization of key molecules involved in T cell development, activation, differentiation, 
and the execution of effector functions (e.g. the TCR-CD3 complex, CD4, CD8, CD28, and CTLA-4). 
Significant progress has also been made both in understanding how these molecules interact with their ligands 
and in defining the intracellular signals that are generated as a consequence of ligand engagement. Far less is 
known about: (i) how these molecules relay mechanical information from the immunological synapse to the 
intracellular signaling machinery for conversion to the chemical signals that instruct T cell fate decisions; (ii) 
how the integration of chemical signals from numerous receptor-ligand interactions direct T cell development 
and polyclonal CD4 T cell responses; and (iii) how aging impacts these molecular mechanisms and cellular 
consequences. My career has been spent working towards contributing to our basic understanding in these 
areas of research. 

a. Kuhns MS and Davis MM; TCR signaling emerges from the sum of many parts; 2012; Frontiers in 
Immunology; 3:159; PMCID: PMC3381686 

b. Kuhns MS and Badgandi HB; Piecing together the family portrait of TCR-CD3 complexes; 
2012; Immunological Reviews; 250(1):120-143.  

c. Chambers CA, Kuhns MS, Egen JG, and Allison JP; CTLA-4 mediated inhibition in Regulation of 
T cell responses:  Mechanisms and Manipulation in Tumor Immunotherapy; 2001; Annu. Rev. 
Immunol. 19:565-594. Co-first author 

d. Egen JG, Kuhns MS, and Allison JP; CTLA-4: new insights into its biological function and use in 
tumor immunotherapy; 2002; Nature Immunology 3(7):611-618.  

2. Integrating antigen-specific and costimulatory/coinhibitory signals shapes the size, specificity, and 
function of polyclonal CD4 T cell responses. As a graduate student, my work was aimed towards increasing 
our basic understanding of how inhibitory signals from CTLA-4 integrate with antigen-specific signals from the 
TCR-CD3 complex, and costimulatory signals from CD28, to shape polyclonal CD4 T cell responses in vivo. The 
results of this work contributed to the recognition that the size, specificity, and responsiveness of a polyclonal 
CD4 T cell population are dictated by the strength of TCR-CD3, CD28, and CTLA-4 signaling. The results lead 
us to propose that one of the functions of CTLA-4 is to keep the “best-fit” responders in check, thus preventing 
clonal dominance while keeping a greater diversity of responders in play in a polyclonal response. 

a. Chambers CA, Kuhns MS, and Allison JP; Cytotoxic T lymphocyte antigen-4 (CTLA-4) 
regulates primary and secondary peptide-specific CD4+ T cell responses; 1999; PNAS 96, 
8603-8608; PMCID: PMC17563 

b. Kuhns MS, Epshteyn V, Sobel RA and Allison JP; 2000; CTLA-4 Regulates the Size, Function, 



and Reactivity of a Primed Pool of CD4+ T Cells; PNAS 97(23):12711-12716; PMCID: 
PMC18829 

 

3. There is a functional sidedness to the TCR. My graduate work drove home the realization that the field 
had an incomplete understanding of how the TCR-CD3 complex functions. Consequently, my postdoctoral work 
was directed towards contributing basic insights into how this highly sensitive, specific, and complex eight-

subunit molecular machine works. My structure/function analysis of the TCR indicated that the CD3 and 

CD3 heterodimers are clustered on one side of the TCR, while TCR dimerization occurs on the other side of 
the TCR via the unusual alpha chain constant region. Impairing TCR-CD3 complex stability or dimerization had 
distinct consequences for TCR signaling, indicating that each side of the TCR plays a unique role in its function. 

a. Kuhns MS, Davis MM, and Garcia KC; Deconstructing the Form and Function of the TCR/CD3 
Complex; 2006; Immunity 24:133-139; PMID: 16473826 

b. Kuhns MS and Davis MM; Disruption of Extracellular Interactions Impairs T Cell Receptor CD3 
Complex Stability and Signaling; 2007; Immunity 26:357-369; PMID: 17368054 

c. Kuhns MS, Girvin AT, Klein LO, Chen R, Jensen KDC, Newell EW, Huppa JB, Lillemeier JF, 
Huse M, Chien YH, Garcia KC, and Davis MM; Evidence for a functional sidedness to the 

TCR; 2010; PNAS 107:5094-5099. PMC2841884 
 
4. The mechanics of T cell activation. T cell fate decisions require that antigen-specific information be 
transferred from the TCR-pMHC interface to the intracellular signaling apparatus. My lab is working to contribute 
to our basic understanding of how mechanical information is transferred from the TCR-pMHC interface to the 
ITAMs of the associated CD3 ITAMs. We have provided evidence that the cytoplasmic juxtamembrane regions 

of the CD3 signaling module are held apart at steady state in the TCR-CD3 complex in what we propose is an 
off conformation. TCR engagement then triggers their apposition into what we propose is an on conformation. 

We interpret these data as evidence for a pivot point in CD3 that plays a role in relaying pMHC-specific 
mechanical information across the T cell membrane to the ITAMs. We have also been investigating how CD4 
works together with the TCR-CD3 complex to convert mechanical information into the chemical signals that 
inform T cell fate decisions. Our data indicate that CD4 is a bona fide subunit of a compact TCR-CD3-pMHCII- 
CD4 macrocomplex and that, when assembled into this macrocomplex, CD4 increases the dwell time of the TCR 
on pMHCII. We are continuing efforts to understand how higher-order molecular machines assemble and 
contribute direct T cell fate decisions. 

a. Lee MS, Glassman CR, Deshpande NR, Badgandi HB, Parrish HL, Uttamapinant C, Stawski PS, 
Ting AY, and Kuhns MS; A mechanical switch couples T cell receptor triggering to the cytoplasmic 

juxtamembrane region of CD3; 2015; Immunity, 43:1-13. PMCID: PMC4545397 
b. Parrish HL, Deshpande NR, Vasic J, and Kuhns MS; Functional evidence for TCR-intrinsic 

specificity for MHCII; 2016; 2016 Feb 1. pii: 201518499.  PMCID:PMC4801282 
c. Glassman CR, Parrish HL, Deshpande NR, and Kuhns MS; The CD4 and CD3de cytosolic 

juxtamembrane regions are proximal within a compact TCR-CD3-pMHC-CD4 macro-complex; 2016; 
The Journal of Immunology;196(11):4713-4722; PMCID: PMC4875830 

d. Glassman CR*, Parrish HL*, Lee MS, and Kuhns MS; Reciprocal TCR-CD3 and CD4 engagement 
of a nucleating pMHCII stabilizes a functional receptor macrocomplex; 2018; Cell Reports, 22:1263-
1275; doi: 10.1016/j.celrep.2017.12.104. PMCID: PMC5813697 

 
5. Tonic TCR-CD3 signals drive increased CD4 T cell promiscuity over the lifespan. Understanding the 
mechanisms that lead to immune senescence is of growing importance since the population is aging world-wide 
and the elderly are both more susceptible to infectious diseases and less responsive to vaccines. We have thus 
initiated efforts to understand how TCR interactions with self and foreign-pMHC change over the lifespan and 
impact CD4-mediated immunity. To date, we have contributed to this area of research by reporting that tonic 
TCR interactions with self-pMHC drive the expansion of CD4 T cells with increased promiscuity for foreign pMHC. 
We have also provided evidence that intrinsic recognition of pMHCII through the TCR, in concert with CD4, are 
involved in the generation of signals from tonic interactions. 

a. Deshpande NR, Parrish HL, and Kuhns MS; Self-recognition drives the preferential 
accumulation of promiscuous CD4+ T-cells in aged mice; 2015; eLife July 14(4); 
doi:10.7554/eLife.05949. PMCID: PMC4501121 

b. Parrish HL, Deshpande NR, Vasic J, and Kuhns MS; Functional evidence for TCR- intrinsic 
specificity for MHCII; 2016; 2016 Feb 1. pii: 201518499. [Epub ahead of print]. PMCID: 



PMC4801282 
c. Glassman CR*, Parrish HL*, Lee MS, and Kuhns MS; Reciprocal TCR-CD3 and CD4 engagement 

of a nucleating pMHCII stabilizes a functional receptor macrocomplex; 2018; Cell Reports, 22:1263-
1275; doi: 10.1016/j.celrep.2017.12.104. PMCID: PMC5813697 

 
A Complete List Of Published Work Can Be Found Here: 

http://www.ncbi.nlm.nih.gov/pubmed/?term=kuhns+ms 

D. Additional Information: Research Support and/or Scholastic Performance 
Ongoing Research Support 

No Grant ID  Kuhns (PI)  05/01/2010-05/01/2021  

Start-up funding, University of Arizona 
The purpose of this funding is to establish lab equipment, personnel, and finance its operations. These 
funds are being used to explore new directions of research not funded by other sources. 
Role: PI 
 
R01AI101053-06 Kuhns (PI)  08/10/2012-01/31/2022 
NIAID  
Probing the mechanistic basis for T cell fate decisions (R01) 
The goal of this project is to deconstruct, understand, and ultimately manipulate the form and function of the 
complex macromolecular machinery that drives CD4+ T cell development, activation, differentiation, and the 
execution of effector functions. 
Role: PI 

 

 
 


