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PEDIATRIC STROKES IN EXTRACELLULAR MATRIX REMODELING SYSTEMS BIOLOGY AND
SICKLE CELL DISEASE AND ARTERIAL MECHANICS PREDICTIVE MEDICINE

INTERROGATION OF MATRIX
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What is Tissue Remodeling?

== protein degradation
| protein synthesis

cell infiltration

Normal bone matrix Osteoporosis

www.ebics.net
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sstéa  Proteases as a Non-Cellular
’.:}",{»‘ Innovation in Women’s Health

PROTEASES

« Functional biomarkers

« Low cost diagnostics from
biopsies / fluids

« Predictive and personalized
medicine strategies

Conditions of Interest:
HIV/AIDS

| FALL A PA HT Breast Cancer
. - Endometriosis




Sickle Cell Disease:
Siﬁ?Ie point mutation,
Multi-factorial disease

REGULAR ARTICLE @ blood advances

Sickle cell disease promotes_sex-dependent pathological bone loss
through enhanced cathepsin proteolytic activity in mice

Jada Selma,'* Hannah Song,"™ Christian Rivera, Simone Douglas,’ Abhiramgopal Akella," Keval Bollavaram," Nishone Thompson,’
Manu O. Platt,"? and Edward A. Botchwey'2

'Wallace H. Coulter Department of Biomedical Engineering at Georgia Institute of Technology and Emory University, Atlanta, GA; and 2Petit Institute for Bioengineering and
Bioscience, Georgia Institute of Technology, Atlanta, GA

42 for females

1 in 400 African-Americans (SS)
1 in 12 have sickle trait (AS)

100,000 Americans with sickle cell disease
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Nonfood Protease Applications ia ' GENENCOR

CUSTOMBIOTECH

Medicine
Proteases for Industrial Applications Pharmacology & drug manufacture
Safe, Consistent Processing of Polypeptides Laundry & dishwashing detergents (#1)

Hard surface cleaning formulations
Contact lens cleaning formulations
Waste treatment

Industrial applications
Fermentation (fuel EtOH, etc.)
Chondroitin & heparin production
Animal feed additives

Digestive supplements
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Sven-Olof Enfors

Control of in vivo proteolysis In
the production of recombinant
proteins

Table 1. Strategies adopted for the control
" of proteolysis

Stage empioyed

Strategy used

Downstream processing

Fermentation

Cell

Protein

Low temperature
Protease inhibitors

Early protease elimination
Fast product isolation

Limiting substrate control
Temperature cptimization
Inclusion body controt

Proleasenegalive
mutants

Secretion

Expression of iatracellular
protease inhibitors

Heat shock modulation

Sequence modification

Fusion for inclusionbody
formation .

Protective fusion

Proteoiytic degradation of protein products causes many problems in the
biopracess industry. The increasing production of proteins in heterologous hosts
through the use of recombinant DNA technology, has recently brought the problem
into focus, since it seems that heterologous proteins are more prone to proteolysis.
The resuit ¢ pioteolytic attack may vary from complete hydrolysis of the product
to minor truncatior of the protein without impairment of its biological function. The
degree to wvhich such partial proteolysis is a problem depends on the requirements
of the ultimate use of the protein product,




Proteases: not just MMPS anymore
460 human proteases known
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O‘S E%o Cysteine cathepsins:
:’&x,\" pathologies and challenges

Pathologies include osteoporosis, atherosclerosis, tendinopathy, and
tumor metastasis

Most potent mammalian collagenases and elastases

10
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v3]3% multiplex cathepsin zymography
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%‘x? Cathepsin K is 50-fold increased in human breast cancer
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Multiplex Zymography Captures Stage-specific
Activity Profiles of Cathepsins K, L, and S in
Human Breast, Lung, and Cervical Cancer

Binbin Chen and Manu O Platt’
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Integrative Biology
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Gx? Sickle Cell Disease Activates Peripheral Blood Mononuclear Cells
:,. to Induce Cathepsins K and V Activity in Endothelial Cells

Philip M. Keegan, Sindhuja Surapaneni, and Manu O. Platt

Wallace H. Coulter Department of Biomedical Engineering, Georgia Institute of Technology and Emory University, Atlanta,
GA 30332, USA

<%;BMES REGULAR ARTICLE ) blood advances

Annals of Biomedical Engineering, Vol. 42, No. 6, June 2014 (© 2014) pp. 1185-1194 BOMEDICAL ENGINERRING SOCIETY™
DOI: 10.1007/510439-014-1005-9 bmes org

Sickle cell disease promotes sex-dependent pathological bone loss
through enhanced cathepsin proteolytic activity in mice

Pro-Atherogenic Shear Stress and HIV Proteins Synergistically
Upregulate Cathepsin K in Endothelial Cells
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Cathepsins in Rotator Cuff Tendinopathy: Identification in Human
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Be a scientist-activist!

1. Think globally, act locally. Then act globally.

2. Global health concerns are health disparities for
underrepresented minorities in the U.S.

3. Understand the importance of becoming a scientist-
activist when studying health disparities.

4. Gender health inequities are intersectional.




12 populations being left behind

lam & paron
living with HIV.
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HIV+ patients on antiretrovirals have reduced

proteolytic activity

On ARVs
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Biological Lie Detector Test
for Drug Adherence??
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More zymo negative
specimens after 6 month of ART

Baseline (ART naive) 6 months
1 2 34 5 6 7 8 910 111213 1 2 34 5 6 7 8 910 111213

Vicky vl

1 2 34 5 6 7 8 910111213 1 2 34 5 67 8 910111213

_ a “

1 2 34 5 6 7 8 910111213 1 2 3 4 5 6 7 38 910111213

Patients with cathepsin zymo positive signals were twice as
likely to have detectable viral loads
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elea Ethiopian women face aggressive
6;§ and early onset breast cancer

Median Age of Breast

Breast cancer diagnoses by age — U.S. women Cancer Diagnosis:

24.8% United States
1 ———-" White women = 63 years
Black women = 59 years

22.5%

15.1%

9.9%

% of cases

5.7%
1.8%

0.0% .

Under 20-34 35-44  45-54 55-64 6574 75-84 85+

%0 U.S. women — age (years) Ethio P ia
National Cancer Institute
Women = 40 years

Howlader et al. (2017). SEER Cancer Statistics Review, 1975-2014. Bethesda, MD. 2>
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Q5 Collecting samples and training graduate
o5 students in Addis Ababa, Ethiopia
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Breast Cancer: Targets and Therapy
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ORIGINAL RESEARCH

Cysteine Cathepsins and Matrix Metalloproteases

Among Breast Cancer Patients

Solomon Tsegaye'
Mohammed Mehdi(*
Wajana L Labisso ()’
Daniel Seifu Melka®

'Department of Biochemistry, College of
Health Sciences, Assela University, Addis
Ababa, Ethiopia; *Department of
Biochemistry, College of Health Sciences,
Addis Ababa University, Addis Ababa,
Ethiopia; *Department of Pathology,
College of Health Sciences, Addis Ababa
University, Addis Ababa, Ethiopia
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f‘, What is the best use of
6:3 your professional time?

Annual Atlanta Sickle Cell
Road Race, 2018

With Dr. Linda Griffith

Director of MIT Center for
Gynepathology Research
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Endometrial tissue taken from a GFP transgenic mouse and cultured for 3 days. We also harvested
endometriotic implants from the peritoneal cavity of mice after injection of endometrial fragments.
Macroscopic picture of an excised endometriotic implant (2x3 mm) after 10 days of injection with
endometrial cells under normal light (C) under fluorescent light (D)
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Mouse model Human specimens
A Mouse 1 Mouse 2 Mouse 1 Mouse 2 & Patient1 Patient2 Patient1 Patient 2
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Inhibiting cathepsins reduces endometriotic
lesion establishment in murine model
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2 of the mice had no lesions at all!
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Summary

Our data also suggest that cathepsin activity may be
important in this initial establishment of lesions, and one of
these patient specific differences distinguishing women at risk
for endometriosis could be inherent cathepsin activity.

Systemic administration of these inhibitors may be detrimental,
but repurposing them for targeted gynecologic or peritoneal
delivery to mitigate endometriosis may revive their utility.




Ty Conclusions

Think proteases as therapeutic targets for tissue destructive and tissue
remodeling diseases that impact women’s health.

Develop protease detection assays for low cost diagnostics useful in low
resource settings where diseases have disparate impacts on women.

Consider sex-specific differences across multiple diseases which might indicate
new mechanisms for therapeutic targeting.

Use enzymatic activity and mathematical biology for personalized medicine or
predictive medicine strategies to help distinguish patient-to-patient variability
in women’s health issues.
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