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Ehe New Pork imes

Incorporate Newly Developed Omics Technologies
https://biotech.illinois.edu/
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https://biotech.illinois.edu/
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Incorporate Newly Developed Microscopy Technologies

IGB Core Facilities, University of Illinois Urbana-Ch ign https://www.igb.illinois.edu/corefacilities

P

Sivaguru et al. (2019) Nature Reviews Urology



https://www.igb.illinois.edu/corefacilities

Sivaguru et al. (in preparation)

Mayo-Illinois Alliance
Mayo O’Brien Foundation

Rare Kidney Stone Consortium

Mayandi Sivaguru, Jessica J. Saw, John Lieske, Michael Romero,
Amy Krambeck, Nicholas Chia, Glenn Fried, Yiran Dong,
Annette Merkel, James Bruce, Derek Wildman, and Bruce Fouke

Mayo Clinic School of Medicine, Mayo Clinic
Department of Surgery, Mayo Clinic,
The Center of Individualized Medicine, Mayo Clinic, Rochester
Department of Urology, Mayo Clinic
Division of Nephrology and Hypertension, Mayo Clinic
Carl R. Woese Institute for Genomic Biology, University of Illinois at Urbana-Champaign
Department of Molecular & Integrative Physiology, University of Illinois at Urbana-Champaign
Department of Geology, University of Illinois at Urbana-Champaign
Department of Microbiology, University of Illinois at Urbana-Champaign
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1672 Law of Superposition
Biomineralization
Fossil Microbial Biofilms

Roman Aqueduct
Kidney Stones Cave Speleothems Travertine

Integrated Field and Laboratory Controlled Experimentation




Sedimentology, Stratigraphy, Geochemistry, Diagenesis

BiS Platform
Section

Bi4 Platform
BiS Intermediate
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Fouke et al. (2005) Sedimentary Geology
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Paragenetic Sequence reveals how >80% of
CaOx crystalline stone volume dissolves in vivo

Life Makes Layered Rock

Roman Aqueducts

Kidney Stones Cave Speleothems Travertine

2/17/20


https://www.nature.com/articles/s41598-018-31890-9

Kidney Stones

- afflict >10% of global human population
- associated with other significant health problems
- ~70% are primarily composed of calcium oxalate
- limited available treatment options (therefore StoneLab)

Mayo Clinic Image (2016) Cook Medical (2016)

https:// r.cookmedical.com/urology/world-kid dav-a-global-look-at-3 /ing-concern.
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https://www.cookmedical.com/urology/world-kidney-day-a-global-look-at-a-growing-concern/

Daudon & Williams (2016)

Khan etal. (2017)
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>70% of human kidney stones are

composed of the following minerals:

AP = Apatite Cas(PO,);(OH)

CaOx = Calcium Oxalate CaC,0,
COD = CaOx Dihydrate (2H,0)
COM = CaOx Monohydrate (*H,0)

Funding to Date:
Mayo Clinic — Illinois Alliance;

NIH Mayo Clinic O’Brien Urology Research
Center; NASA Astrobiology Institute

2/17/20
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Sivaguru et al. (2020)
Nature Reviews Urology Comment

GeoBioMed - synthesis that identifies unexpected
therapeutic targets for prevention and treatment:

1) Prevent COD and COM crystallization
2) Promote and maintain COD growth

3) Continue COD surface dissolution

4) Fully dissolve COD prior to COM

5) Strategically induce COD growth

6) Enhance later-stage events

7) Disrupt crystal and urine biochemistry
8) Control organic matter and crystal layers

Sivaguru et al. (2020) Scientific Reports

Spatial and Temporal 3D Contextualization of
Kidney Stone Formation Through Time

Mayo Clinic (2016)

2/17/20
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Spatial and Temporal 3D Contextualization of
Kidney Stone Formation Through Time

Khan et al. (2016) Evan (2010)

Powers of 10 — Spatial Dimensions and 3D Structure

Sivaguru et al. (in preparation)
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Spatial and Temporal Contextualization of Kidney Stone Formation

Mayo Clinic Images (2016)

Ho etal. (2019)

Scherer et al. (2018)

Ho etal. (2019)

Randall’s Plaque MicroCT and Transmitted Brightfield Petrography

2/17/20
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Zeiss Airyscan SR
3-CH Excitation A
405 nm
488 nm
561 nm

Sivaguru et al. (20 cientific Reports

Sivaguru et al. (in preparation) Nature Reviews Urology
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60-80% of Kidney Stone Volume Dissolves In Vivo
during Multiple Repeated Events of the Paragenetic Sequence
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Randall’s Plaque Paragenetic Sequence

Sivaguru et al. (in preparation)

2/17/20
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Collection of
Samples
And Study Flow

51-year-old female with
bilateral kidney stones

Stone on right side was
removed via percutaneous
nephrolithotomy (PCNL)
under sterile operating
procedures

Metagenomic sequencing
and superresolution
microscopy completed on
30 micron-thick doubly
polished thin sections

500 pm

2/17/20
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Paragenetic Sequence — a spatial and temporal framework of multiple
repeated events of crystal growth, layering geometry and dissolution
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Sivaguru et al. (2018) Scientific Reports
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3 stones are aggregated into 1 stone complex

Historical Sequence of Events (HSE)

2/17/20
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Historical Sequence of Events (HSE)
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Historical Sequence of Events (HSE)

2/17/20

24



Historical Sequence of Events (HSE)
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Organic Matter Characterization

2/17/20
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Five Specific Proposed Interventions

- -

#1: Prevent COD #2: Promote COD growth
aggregation and twinning and continue COD
dissolution

#3: Disrupt the controls in the
switching between organic and
crystal rich nano-layers

AN
/
L 2 \ )
#4: Periodically induce COD growth to #5: Enhance any of the late
create layers that can be dissolved stage dissolution events

Key Results to Date

GeoBioMed integrates:

1) All Patient History
Sivagurn et a1 (2020) 2) All Human and Microbiome Omics
Nature Reviews Urology  3)  All Urine Biochemistry and Hydrology
CoverImage Award 2020 4) ~ All Geobiology Data and Imaging

5) All Histology Data and Imaging

6) Requires Microscopy-to-Omics

CaOx = Calcium Oxalate (CaC,04)
COD = Calcium Oxalate Dihydrate (+2H,0)
COD = Calcium Oxalate Monohydrate (<H,O)

GeoBioMed has identified multiple unexpected
therapeutic targets and interventions to:

1) prevent COD and COM crystallization

2) promote and maintain COD growth

3) continue COD surface dissolution

4) fully dissolve COD prior to COM

5) induce COD growth

6) disrupt crystal and urine biochemistry

7) control organic matter and crystal layers

Develop clinical tools to rapidly read crystalline
architecture of kidney stones to guide treatment.

Eunding: Mayo Clinic — Illinois Alliance; Mayo Clinic O’Brien
=019- - Urology Research Center; NASA Astrobiology Institute

2/17/20
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https://www.nature.com/articles/s41585-019-0256-5

Layering is a result of Crystal Growth/Dissolution Rate and Layering Frequency
Life-Water-Mineral “Biomarkers” on the Modern and Ancient Earth and throughout the Cosmos

Sivaguru, Saw, et al. (2018) Scientific Reports

Kidney Stone Cave Speleothems  Roman Aqueduct Trave
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GeoBioCell will be used to Test Paragenetic Sequence and Metabolic Controls

Basavaraj et al. (2007)
Kahn et al. (2016)
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GeoBioCell: Microfluidic
Flow-Through Testbed

Sivaguru et al. (in preparation)

Sivaguru et al. (in preparation)

Lin et al. (2018) Basavaraj et al. (2007)

GeoBioMed: Future Applications

Concretions from fluid- Pathologic calcifications Bone disease
containing cavities Atherosclerosis Osteoporosis
Kidney and bladder stones Aortic valve calcification Renal osteodystrophy
Gallstones Psammoma bodies Paget’s disease
Gout

Images courtesy of Mayo Clinic
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