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Kimberley Tolias, PhD, is a Professor in the Department of Anesthesiology, Perioperative and Pain Medicine at Stanford University School of Medicine.
The Tolias laboratory studies the molecular and cellular mechanisms that govern neural circuit formation, plasticity, and repair in the mammalian central
nervous system (CNS). In particular, the lab investigates how neurons sense extracellular cues and convert them into intracellular signaling pathways
that control synapse development and remodeling, dendritic and axonal growth, and cell migration. The laboratory also examines how disruption of
these pathways contributes to neurological and neuropsychiatric disorders including intellectual disability, autism spectrum disorder, Alzheimer’s disease,
depression, and chronic pain, and whether targeting specific signaling mechanisms can promote recovery following CNS injury or disease. To address
these questions, the laboratory combines mouse genetics with state-of-the-art molecular, cellular, biochemical, electrophysiological, imaging, genomic,

and behavioral approaches.

Research from the Tolias laboratory has provided fundamental insights into Rho GTPase signaling pathways that regulate synapse development and
plasticity through control of cytoskeletal dynamics, as well as novel mechanisms that provide precise spatiotemporal regulation of Rho GTPase signaling
in neurons and glia during CNS development. Her group has also identified important roles for the Adhesion-GPCR BAI1 in synapse and dendritic arbor
development, defined functions for RhoA signaling in locomotor circuit assembly and cerebellar morphogenesis, and developed new approaches for
preventing pathological synaptic remodeling caused by traumatic brain injury and radiation therapy. More recently, the laboratory has expanded into
developing tools to identify synapses undergoing remodeling during learning or following injury, investigating mechanisms underlying chronic pain, opioid
tolerance, and chronic pain-associated mood disorders, and exploring how the gut microbiome influences brain development, synaptic function, and

behavior.

Dr. Tolias received her BS in Biochemistry from the University of Minnesota, graduating summa cum laude. She earned her PhD in Cell and
Developmental Biology at Harvard Medical School, where she trained in the laboratory of Dr. Lewis Cantley studying signaling pathways that regulate
the actin cytoskeleton and cell morphogenesis. She subsequently completed postdoctoral training in neurobiology in the laboratory of Dr. Michael
Greenberg at Harvard Medical School, where she investigated molecular mechanisms linking neural activity to synaptic development and plasticity.
Prior to joining Stanford, Dr. Tolias served for nearly 20 years on the faculty at Baylor College of Medicine, where she was a tenured Professor in the
Departments of Neuroscience and Biochemistry and Molecular Pharmacology. Her research has been continuously supported by the National Institutes
of Health and other major foundations and has been recognized by awards including the McKnight Memory and Cognitive Disorders Award and the NIH

EUREKA Award.
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ACADEMIC APPOINTMENTS

e Professor (Research), Anesthesiology, Perioperative and Pain Medicine

e Member, Bio-X

HONORS AND AWARDS
® McKnight Memory and Cognitive Disorders Award, McKnight Foundation (2016 - 2019)

* NIH EUREKA Award, NIH (2013 - 2017)

e Damon Runyon Cancer Research Fellowship, Damon Runyon (1999 - 2002)

PROFESSIONAL EDUCATION
e Postdoctoral Fellowship, Harvard Medical School , Neurobiology, Lab of Michael E. Greenberg (2006)

e PhD, Harvard Medical School , Cell and Developmental Biology, Lab of Lewis Cantley (1998)
e BS, University of Minnesota , Biochemistry (1992)

Research & Scholarship

CURRENT RESEARCH AND SCHOLARLY INTERESTS

The human brain is composed of billions of neurons connected through trillions of synapses that form the neural circuits underlying thought, emotion,
learning, memory, and behavior. These synaptic connections are not static - they are continuously shaped and remodeled throughout life in response to
experience, a processes critical for learning and memory. When neural circuits fail to develop or function properly, the consequences can be devastating,
contributing to conditions ranging from autism spectrum disorder and intellectual disability to chronic pain, depression, schizophrenia, Alzheimer's

disease, and cognitive decline.

Research in the Tolias laboratory seeks to understand the fundamental molecular and cellular mechanisms that govern how neural circuits form, adapt,
and repair themselves in the mammalian central nervous system (CNS). Our work focuses on how neurons sense signals from their environment and
convert them into intracellular signaling pathways that drive synapse formation and remodeling, dendritic and axonal growth, and cell migration. We are
also interested in how disruption of these pathways contributes to neurological and neuropsychiatric disease, and whether targeting specific signaling

mechanisms can promote recovery following CNS injury or disease.

The laboratory combines mouse genetics with molecular, cellular, biochemical, electrophysiological, genomic, and behavioral approaches to bridge

fundamental neuroscience with translational discovery.

Current Research Areas:

- Molecular mechanisms regulating synapse development, neural circuit formation, and synaptic plasticity during learning and memory

- Roles of Rho GTPase signaling pathways in brain development, circuit remodeling, and neurological disease

- Functions of Adhesion-GPCRs in synapse development, dendritic and axonal growth, and neural circuit function

- Mechanisms underlying chronic pain, opioid tolerance, and chronic pain-associated mood and cognitive disorders
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- Synaptic and circuit dysfunction following traumatic brain injury, radiotherapy, and other CNS injuries

- Development of new tools to visualize and map synaptic remodeling during learning and disease

- Interactions between the gut microbiome, brain development, neural circuit function, and behavior

Teaching

GRADUATE AND FELLOWSHIP PROGRAM AFFILIATIONS

Neurosciences (Phd Program)

Publications

PUBLICATIONS

Infant gut microbiomes contribute to metabolic states that impact brain function. bioRxiv : the preprint server for biology

Midani, F. S., Lee, D. H., Moon, Y., Seale, M., Horvath, T. D., Ardis, A. K., Cantu, J., Coles, E., Pizzini, J. D., Zhu, D., Dooling, S. W., Ahern, G. J.,
Ardis, et al

2026

Adhesion G protein-coupled receptors. Pharmacological reviews

Langenhan, T., Anderson, G. R., Arag, D., Aust, G., Avila-Zozaya, M., Bagger, S. M., Barth, P., Berndt, S., Blacklow, S. C., Blanco-Redondo, B.,
Boucard, A. A,, Bridges, J. P., Brodmerkel, et al

2026; 78 (3): 100116

Primary cortical neurons precipitate and extrude large mitochondria-associated calcium-phosphate sheets with a bone-precursor-like
ultrastructure. Molecular brain

Anderson, E. D., Cronkite, C. A., Baldwin, P. R., Abella, C. P., Duman, J. G., Simmonds, A. N., Waxham, M. N., Tolias, K. F., Ludtke, S. J.
2026; 19 (1): 11

Restoration of sFRP3 Preserves the Neural Stem Cell Pool and Spatial Discrimination Ability in a Mouse Model of Alzheimer's Disease. The
Journal of neuroscience : the official journal of the Society for Neuroscience

Fu, C. H., Park, J., Tosi, U., Blanco, F. A., Silva-Pérez, M., Muralidharan, K., You, J. C., Lee, M., Stephens, G. S., Zhang, X., Zheng, Y., Scharfman,
H., Tolias, et al

2025; 45 (49)

Primary cortical neurons precipitate and extrude large mitochondria-associated calcium-phosphate sheets with a bone-precursor-like
ultrastructure. bioRXxiv : the preprint server for biology

Anderson, E. D., Cronkite, C. A., Baldwin, P. R., Abella, C. P., Duman, J. G., Simmonds, A. N., Waxham, M. N., Tolias, K. F., Ludtke, S. J.
2025

Bright and photostable yellow fluorescent proteins for extended imaging. Nature communications

Lee, J., Lai, S., Yang, S., Zhao, S., Blanco, F. A, Lyons, A. C., Merino-Urteaga, R., Ahrens, J. F., Nguyen, N. A, Liu, H., Liu, Z., Lambert, G. G.,
Shaner, et al

2025; 16 (1): 3241

The contribution of de novo coding mutations to meningomyelocele NATURE
Ha, Y., Nisal, A., Tang, |, Lee, C., Jhamb, I., Wallace, C., Howarth, R., Schroeder, S., Vong, K., Meave, N., Jiwani, F., Barrows, C., Lee, et al
2025

Targeting Tiam1 Enhances Hippocampal-Dependent Learning and Memory in the Adult Brain and Promotes NMDA Receptor-Mediated
Synaptic Plasticity and Function. The Journal of neuroscience : the official journal of the Society for Neuroscience

Blanco, F. A, Saifullah, M. A., Cheng, J. X., Abella, C., Scala, F., Firozi, K., Niu, S., Park, J., Chin, J., Tolias, K. F.
2025; 45 (6)

Tiam1-mediated maladaptive plasticity underlying morphine tolerance and hyperalgesia. Brain : a journal of neurology
Yao, C., Fang, X., Ru, Q., Li, W., Li, J., Mehsein, Z., Tolias, K. F., Li, L.
2024; 147 (7): 2507-2521
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Correlative Cryo-FIB and Cryo-ET of Dendritic Spines and Synaptic Connections. Microscopy and microanalysis : the official journal of
Microscopy Society of America, Microbeam Analysis Society, Microscopical Society of Canada

Anderson, E. D., Cronkite, C. A., Tolias, K. F., Ludtke, S. J.
2023; 29 (29 Suppl 1): 1086

Tiam1 coordinates synaptic structural and functional plasticity underpinning the pathophysiology of neuropathic pain. Neuron
Li, L., Ru, Q. Lu, Y., Fang, X., Chen, G., Saifullah, A. B., Yao, C., Tolias, K. F.
2023; 111 (13): 2038-2050.e6

Calpain activity is negatively regulated by a KCTD7-Cullin-3 complex via non-degradative ubiquitination. Cell discovery
Sharma, J., Mulherkar, S., Chen, U. I, Xiong, Y., Bajaj, L., Cho, B. K., Goo, Y. A, Leung, H. E., Tolias, K. F., Sardiello, M.
2023; 9 (1): 32

TIAM1-mediated synaptic plasticity underlies comorbid depression-like and ketamine antidepressant-like actions in chronic pain. The
Journal of clinical investigation

Ru, Q., Lu, Y., Saifullah, A. B., Blanco, F. A,, Yao, C., Cata, J. P, Li, D. P, Tolias, K. F., Li, L.
2022; 132 (24)

Rac-maninoff and Rho-vel: The symphony of Rho-GTPase signaling at excitatory synapses. Small GTPases
Duman, J. G, Blanco, F. A,, Cronkite, C. A., Ru, Q., Erikson, K. C., Mulherkar, S., Saifullah, A. B., Firozi, K., Tolias, K. F.
2022; 13 (1): 14-47

Ketamine: Neuroprotective or Neurotoxic? Frontiers in neuroscience
Choudhury, D., Autry, A. E., Tolias, K. F., Krishnan, V.
2021; 15: 672526

The Rac-GEF Tiam1 Promotes Dendrite and Synapse Stabilization of Dentate Granule Cells and Restricts Hippocampal-Dependent Memory
Functions. The Journal of neuroscience : the official journal of the Society for Neuroscience

Cheng, J., Scala, F., Blanco, F. A., Niu, S., Firozi, K., Keehan, L., Mulherkar, S., Froudarakis, E., Li, L., Duman, J. G., Jiang, X., Tolias, K. F.
2021; 41 (6): 1191-1206

Cell type composition and circuit organization of clonally related excitatory neurons in the juvenile mouse neocortex. eLife

Cadwell, C. R,, Scala, F.,, Fahey, P. G., Kobak, D., Mulherkar, S., Sinz, F. H., Papadopoulos, S., Tan, Z. H., Johnsson, P., Hartmanis, L., Li, S., Cotton,
R. J., Tolias, et al

2020; 9

RhoA-ROCK Signaling as a Therapeutic Target in Traumatic Brain Injury. Cells
Mulherkar, S., Tolias, K. F.
2020; 9 (1)

The adhesion-GPCR BAI1 shapes dendritic arbors via Ber-mediated RhoA activation causing late growth arrest ELIFE
Duman, J. G., Mulherkar, S., Tu, Y., Erikson, K. C., Tzeng, C. P., Mavratsas, V. C., Ho, T., Tolias, K. F.
2019; 8

An autism-linked missense mutation in SHANKS3 reveals the modularity of Shank3 function. Molecular psychiatry

Wang, L., Pang, K., Han, K., Adamski, C. J., Wang, W., He, L., Lai, J. K., Bondar, V. V., Duman, J. G., Richman, R., Tolias, K. F., Barth, P., Palzkill, et
al

2019

The expanding functional roles and signaling mechanisms of adhesion G protein-coupled receptors. Annals of the New York Academy of
Sciences

Morgan, R. K., Anderson, G. R., Arag, D. n., Aust, G. n., Balenga, N. n., Boucard, A. n., Bridges, J. P, Engel, F. B., Formstone, C. J., Glitsch, M. D.,
Gray, R. S., Hall, R. A., Hsiao, et al

2019

The Adhesion-GPCR BAI1 Promotes Excitatory Synaptogenesis by Coordinating Bidirectional Trans-synaptic Signaling. The Journal of
neuroscience : the official journal of the Society for Neuroscience

Tu, Y. K., Duman, J. G., Tolias, K. F.
2018; 38 (39): 8388-8406

Memantine prevents acute radiation-induced toxicities at hippocampal excitatory synapses. Neuro-oncology
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Duman, J. G., Dinh, J., Zhou, W., Cham, H., Mavratsas, V. C., Paveskovic, M., Mulherkar, S., McGovern, S. L., Tolias, K. F., Grosshans, D. R.
2018; 20 (5): 655-665

RhoA-ROCK Inhibition Reverses Synaptic Remodeling and Motor and Cognitive Deficits Caused by Traumatic Brain Injury. Scientific reports
Mulherkar, S., Firozi, K., Huang, W., Uddin, M. D., Grill, R. J., Costa-Mattioli, M., Robertson, C., Tolias, K. F.
2017; 7 (1): 10689

RhoGTPases Spread the Word for Synaptic Crosstalk. Developmental cell
Duman, J. G., Tolias, K. F.
2016; 39 (2): 136-138

Electrophysiological, transcriptomic and morphologic profiling of single neurons using Patch-seq. Nature biotechnology
Cadwell, C. R, Palasantza, A., Jiang, X., Berens, P., Deng, Q., Yilmaz, M., Reimer, J., Shen, S., Bethge, M., Tolias, K. F., Sandberg, R., Tolias, A. S.
2016; 34 (2): 199-203

Emerging Roles of BAlI Adhesion-GPCRs in Synapse Development and Plasticity. Neural plasticity
Duman, J. G,, Tu, Y. K,, Tolias, K. F.
2016; 2016: 8301737

Molecular Mechanisms of Dendritic Spine Development and Plasticity NEURAL PLASTICITY
Lai, K., Jordan, B. A., Ma, X., Srivastava, D. P., Tolias, K. F.
2016; 2016: 2078121

Mechanisms for spatiotemporal regulation of Rho-GTPase signaling at synapses. Neuroscience letters
Duman, J. G., Mulherkar, S., Tu, Y. K., X Cheng, J., Tolias, K. F.
2015; 601: 4-10

The small GTPases RhoA and Rac1 regulate cerebellar development by controlling cell morphogenesis, migration and
foliation. Developmental biology

Mulherkar, S., Uddin, M. D., Couvillon, A. D., Sillitoe, R. V., Tolias, K. F.
2014; 394 (1): 39-53

Dynamic Control of Excitatory Synapse Development by a Rac1 GEF/GAP Regulatory Complex DEVELOPMENTAL CELL

Um, K., Niu, S., Duman, J. G., Cheng, J. X,, Tu, Y., Schwechter, B., Liu, F., Hiles, L., Narayanan, A. S., Ash, R. T., Mulherkar, S., Alpadi, K.,
Smirnakis, et al

2014; 29 (6): 701-15

The Rac-GAP Bcr is a novel regulator of the Par complex that controls cell polarity. Molecular biology of the cell
Narayanan, A. S., Reyes, S. B., Um, K., McCarty, J. H., Tolias, K. F.
2013; 24 (24): 3857-68

Cytoskeletal mechanisms for synaptic potentiation. Communicative & integrative biology
Schwechter, B., Tolias, K. F.
2013; 6 (6): €27343

RasGRF2 Rac-GEF activity couples NMDA receptor calcium flux to enhanced synaptic transmission. Proceedings of the National Academy of
Sciences of the United States of America

Schwechter, B., Rosenmund, C., Tolias, K. F.
2013; 110 (35): 14462-7

The small GTPase RhoA is required for proper locomotor circuit assembly. PloS one
Mulherkar, S., Liu, F., Chen, Q., Narayanan, A., Couvillon, A. D., Shine, H. D., Tolias, K. F.
2013; 8 (6): e67015

The adhesion-GPCR BAI1 regulates synaptogenesis by controlling the recruitment of the Par3/Tiam1 polarity complex to synaptic
sites. The Journal of neuroscience : the official journal of the Society for Neuroscience

Duman, J. G., Tzeng, C. P, Ty, Y. K., Munjal, T., Schwechter, B., Ho, T. S., Tolias, K. F.
2013; 33 (16): 6964-78

avB8 integrin interacts with RhoGDI1 to regulate Rac1 and Cdc42 activation and drive glioblastoma cell invasion MOLECULAR BIOLOGY
OF THE CELL
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Reyes, S. B., Narayanan, A. S., Lee, H., Tchaicha, J. H., Aldape, K. D., Lang, F. F., Tolias, K. F., McCarty, J. H.
2013; 24 (4): 474-482

Control of synapse development and plasticity by Rho GTPase regulatory proteins. Progress in neurobiology
Tolias, K. F., Duman, J. G., Um, K.
2011; 94 (2): 133-48

Polarized signaling endosomes coordinate BDNF-induced chemotaxis of cerebellar precursors. Neuron
Zhou, P., Porcionatto, M., Pilapil, M., Chen, Y., Choi, Y., Tolias, K. F., Bikoff, J. B., Hong, E. J., Greenberg, M. E., Segal, R. A.
2007; 55 (1): 53-68

The Rac1 guanine nucleotide exchange factor Tiam1 mediates EphB receptor-dependent dendritic spine development. Proceedings of the
National Academy of Sciences of the United States of America

Tolias, K. F., Bikoff, J. B., Kane, C. G., Tolias, C. S., Hu, L., Greenberg, M. E.
2007; 104 (17): 7265-70

The Rac1-GEF Tiam1 couples the NMDA receptor to the activity-dependent development of dendritic arbors and spines. Neuron
Tolias, K. F., Bikoff, J. B., Burette, A., Paradis, S., Harrar, D., Tavazoie, S., Weinberg, R. J., Greenberg, M. E.
2005; 45 (4): 525-38

BTK regulates Ptdins-4,5-P2 synthesis: importance for calcium signaling and PI3K activity. /mmunity
Saito, K., Tolias, K. F., Saci, A., Koon, H. B., Humphries, L. A., Scharenberg, A., Rawlings, D. J., Kinet, J. P., Carpenter, C. L.
2003; 19 (5): 669-78

BTK regulates Ptdins-4,5-P<sub>2</sub> synthesis:: Importance for calcium signaling and PI3K activity IMMUNITY
Saito, K., Tolias, K. F., Saci, A., Koon, H. B., Humphries, L. A., Scharenberg, A., Rawlings, D. J., Kinet, J. P., Carpenter, C. L.
2003; 19 (5): 669-678

Type la phosphatidylinositol-4-phosphate 5-kinase mediates Rac-dependent actin assembly CURRENT BIOLOGY
Tolias, K. F., Hartwig, J. H., Ishihara, H., Shibasaki, Y., Cantley, L. C., Carpenter, C. L.
2000; 10 (3): 153-156

<i>In vitro</i> Interaction of phosphoinositide-4-phosphate 5-kinases with Rac REGULATORS AND EFFECTORS OF SMALL GTPASES, PT
D

Tolias, K., Carpenter, C. L.
edited by Balch, W. E., Der, C. J., Hall, A.
2000; 325: 190-200

Rac homologues and compartmentalized phosphatidylinositol 4,5-bisphosphate act in a common pathway to regulate polar pollen tube
growth JOURNAL OF CELL BIOLOGY

Kost, B., Lemichez, E., Spielhofer, P., Hong, Y., Tolias, K., Carpenter, C., Chua, N. H.
1999; 145 (2): 317-330

Pathways for phosphoinositide synthesis
Tolias, K. F., Cantley, L. C.
ELSEVIER IRELAND LTD.1999: 69-77

Lipid kinases are novel effectors of the GTPase Rac1
Carpenter, C. L., Tolias, K. F., Van Vugt, A., Hartwig, J.
edited by Weber, G.

PERGAMON PRESS LTD.1999: 299-312

Type | phosphatidylinositol-4-phosphate 5-kinases synthesize the novel lipids phosphatidylinositol 3,5-bisphosphate and
phosphatidylinositol 5-phosphate JOURNAL OF BIOLOGICAL CHEMISTRY

Tolias, K. F., Rameh, L. E., Ishihara, H., Shibasaki, Y., Chen, J., Prestwich, G. D., Cantley, L. C., Carpenter, C. L.
1998; 273 (29): 18040-18046

Characterization of a Rac1- and RhoGDI-associated lipid kinase signaling complex MOLECULAR AND CELLULAR BIOLOGY
Tolias, K. F., Couvillon, A. D., Cantley, L. C., Carpenter, C. L.
1998; 18 (2): 762-770
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A new pathway for synthesis of phosphatidylinositol-4,5-bisphosphate NATURE
Rameh, L. E., Tolias, K. F., Duckworth, B. C., Cantley, L. C.
1997; 390 (6656): 192-196

A novel link between integrins, transmembrane-4 superfamily proteins (CD63 and CD81), and phosphatidylinositol 4-kinase JOURNAL OF
BIOLOGICAL CHEMISTRY

Berditchevski, F., Tolias, K. F., Wong, K., Carpenter, C. L., Hemler, M. E.
1997; 272 (5): 2595-2598

Signal transduction pathways involving the small G proteins rac and CDC42 and phosphoinositide kinases ADVANCES IN ENZYME
REGULATION, VOL 37

Carpenter, C. L., Tolias, K. F., Couvillon, A. C., Hartwig, J. H.
edited by Weber, G.
1997; 37: 377-390

Direct interaction of the Wiskott-Aldrich syndrome protein with the GTPase Cdc42 PROCEEDINGS OF THE NATIONAL ACADEMY OF
SCIENCES OF THE UNITED STATES OF AMERICA

Kolluri, R., Tolias, K. F., Carpenter, C. L., Rosen, F. S., Kirchhausen, T.
1996; 93 (11): 5615-5618

RHO-FAMILY GTPASES BIND TO PHOSPHOINOSITIDE KINASES JOURNAL OF BIOLOGICAL CHEMISTRY
TOLIAS, K. F., CANTLEY, L. C., CARPENTER, C. L.
1995; 270 (30): 17656-17659
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