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The BETA Center is a NIH-wide resource housed by the NIBIB intramural research program and 

will serve as a new NIH campus model for accelerating technology-driven interdisciplinary 

research and clinical translation. 

The BETA Center community will bring researchers together with engineering and imaging 

expertise including biomedical imaging, biosensing, biomechanics, engineered/synthetic biology, 

nano/biomaterials, artificial intelligence, modeling, computation, and informatics.

Central to BETA Center’s mission is employing evidence-driven approaches to expand 

diversity, equity, and inclusion within NIBIB’s Intramural Research Program and serving as a 

model for recruiting diverse biomedical engineering talent to NIH.
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What is Tissue Remodeling?

protein synthesis

protein degradation

cell infiltration
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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
Breast Cancer
Endometriosis



Sickle Cell Disease: 
 Single point mutation, 
 Multi-factorial disease

GAG          GTG
 
Glu            Val (E6V)

Life expectancy:
36 for males
42 for females

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

100,000 Americans with sickle cell disease



Proteases in manufacturing contexts





Proteases: not just MMPS anymore

460 human proteases known

Serine proteases

Cysteine 
cathepsins

Rhomboid 
intramembrane 

proteases

Aspartic proteases

MMPs

Protease activated 
receptors

Caspases



Cysteine cathepsins: 

pathologies and challenges

▪ Pathologies include osteoporosis, atherosclerosis, tendinopathy, and 

tumor metastasis

▪ Most potent mammalian collagenases and elastases

10



Renaturing Buffer Assay Buffer

Low cost assays with increased sensitivity: 

multiplex cathepsin zymography

Gelatin 
Polyacrylamide

Coomassie blue 
stain and destain

Lyse cells
Or use isolated 
enzyme
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VIENNA, AUSTRIA, 

AIDS 2010



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.



UNAIDS Gap Report 2014
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HIV+ patients on antiretrovirals have reduced 
proteolytic activity
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Biological Lie Detector Test 

for Drug Adherence??



Multiplex 
cathepsin
zymography

Prospective study:
Baseline  6 months  12 months 18 months 24 months
(ARV naïve) 

Whole 
blood

Isolate
PBMCs

Blood and cell isolation



Baseline (ART naïve) 6   months

More zymo negative 

specimens after 6 month of ART
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Patients with cathepsin zymo positive signals were twice as 
likely to have detectable viral loads





Ethiopian women face aggressive 

and early onset breast cancer

25Howlader et al. (2017). SEER Cancer Statistics Review, 1975-2014. Bethesda, MD.

Median Age of Breast 
Cancer Diagnosis:

United States
White women = 63 years
Black women = 59 years

Ethiopia
Women = 40 years



The team in Addis Ababa, Ethiopia!



Collecting samples and training graduate 

students in Addis Ababa, Ethiopia
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Annual Atlanta Sickle Cell 
Road Race, 2018

What is the best use of 
your professional time?

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)

Endometriotic implant mouse model



Increased amounts of active cathepsins in 

the lesions than in eutopic uterine tissue

Mouse model Human specimens



Inhibiting cathepsins reduces endometriotic 

lesion establishment in murine model

2 of the mice had no lesions at all!



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

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.

Summary



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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