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Capstone Data
• 6 Semesters of Capstone Projects (Fall 2018, Spring 2019, Fall 2019, Spring
2020, Fall 2020, Spring 2021)
• 33 Completed Projects
• Estimated $30,000 of Sponsored Funds to support projects
• 27 Northeastern internal faculty sponsors from department, college and
university
• 6 external funded projects (Selux, UrSure, RegenX, MGH, Children’s Hospital
Security,
Flexomics, Adaviv)
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Capstone Cup Winners
•
•
•
•

Fall 2018 - Microbescope
Spring 2019 - Nanoformulations
Fall 2019 - UrSure
Spring 2020 - Fibroblasts
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Fall 2018 - Microbescope
Microbes are ever-present in water distribution systems, and pathogenic
species pose an ongoing threat to human health. Current techniques for
water quality monitoring are slow and labor-intensive, resulting in a time
lag between contamination and detection. There exists a significant gap for
a low-cost, precise, rapid, and automated method of monitoring
microbial concentrations in drinking water. To meet this need, we aim to
develop an imaging device that detects and quantifies microorganisms in
drinking water systems. Our design features carefully controlled,
automated fluid intake and disposal, a modular optical configuration
capable of resolving objects under 2 microns, and a machine learning
classification algorithm capable of discerning contaminants in images. The
integration of these design solutions creates a device capable of meeting
global needs for water monitoring.
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Spring 2019 - Laser Cut and Assembled Microfluidic Chip for the
Production of Drug-Loaded Nanoliposomes
The Sridhar Lab at Northeastern has developed a nanoliposome formulation for the delivery of
Talazoparib, a PARP-inhibition drug for the treatment of cancer. This injectable product,
NanoTalazoparib (NanoTLZ), enables superior bioavailability and efficacy compared to the orallyadministered drug. The lab currently produces NanoTLZ using a commercially available microfluidic
chip system that mixes an organic stream containing the drug and liposome components with an
aqueous stream to facilitate nanoliposome self-assembly. The current system is expensive and lowthroughput, and the lab seeks proof-of-concept for a device fabricated in-house to address its
limitations. Harnessing the laser cut and assemble fabrication method pioneered by the Koppes Lab,
we have created a low-cost, higher throughput microfluidic chip to produce NanoTLZ.
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Fall 2019 - Blood Separation and Lysing System, UrSure, Inc.
Human Immunodeficiency Virus (HIV) remains one of the leading causes of
death worldwide. Pre-exposure prophylaxis (PrEP) is a preventive drug designed
to prohibit the further spread and infection of HIV. Truvada is the first FDAapproved PrEP regimen for HIV and consists of two drugs, Tenofovir Disoproxil
Fumarate (TDF) and Emtricitabine (FTC). When taken daily, PrEP has been seen
to reduce HIV infection up to 99%, yet medication adherence remains a
challenge on a global scale. To encourage greater adherence, UrSure, Inc. has
developed a urine-based lateral flow immunoassay (LFIA) to measure levels of
tenofovir (TFV), a metabolite of TDF. However, TFV has a half-life of 17 hours in
urine, and therefore, the test can only measure short-term adherence.
Conversely, tenofovir-diphosphate (TFV-DP) has a half-life of 17.1 days in red
blood cells (RBCs) and can measure adherence up to one month. Our team has
designed a blood separation and lysing system to isolate out TFV-DP in RBCs that
will be tested downstream on UrSure’s LFIA technology. Our final system
consists of four components: a membrane separation filter, absorbent pad,
wash buffer, and lysis buffer. The separation and lysing process is designed to be
inexpensive, fast, and composed of widely available materials. Overall, this
system will measure long-term measurement of HIV PrEP adherence

Results: Based upon percent recovery and
purity data, the four components
ultimately selected were glass fiber
membrane, cellulose absorbent material,
PBS wash buffer, and DI water. We met
our percent recovery (82.23%) but not our
purity (23%) requirement. Additionally,
this system provides full RBC lysis
(>99.99%), is inexpensive ($0.22), and
allows a rapid completion (<3 minutes) of
the test without the use of large or
inaccessible lab equipment.
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Spring 2020 - Engineering Human Corneal Fibroblasts to Maximize Type I
Collagen Production
In this project, a novel cellular engineering process was developed to induce rapid collagen production in
patient-harvested cells to be used in collagen patches for soft tissue repairs. Genetic modifications were
made to human corneal fibroblasts using CRISPR activation to increase the expression of the genes
responsible for the transcription (COL1A1 and COL1A2) and translation (TGF-β3) of type I collagen.
Results indicate a 90-fold statistically significant increase from the control. The results of these
experiments led to the development of a business model for large scale production that can provide
patients in need of a collagen patch following soft tissue repair surgery with one at a fraction of the
current market cost. By effectively targeting the major bottlenecks of collagen synthesis in human
fibroblasts, the cellular engineering design process presented here addresses the current production
speed limitations and immunogenicity concerns that currently handicap the use of collagen patches for
Security,
use in human ligament and tendon repair surgery. By addressing these limitations, a better source of
Sensing
collagen for soft tissue repair patches will be readily generatable as treatment options for the over
15 and
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million cases of tendon or ligament injuries reported each year

8

“Grow-on-the-Go” Portable Incubator for Blood Culture
for Selux Diagnostics Inc.
Sepsis, or an infection within the blood, is currently the cause of
death for 250,000 Americans each year. Sepsis can be treated
with antibiotics, but current antibiotic susceptibility testing takes
an average of 72-96 hours. For each hour that goes by before
first antibiotic delivery, the liklihood of patient mortality
increases by nearly 2%. Grow-on-the-Go aims to reduce the
time-to-result for antibiotic susceptibility testing through
incubation and agitation “on-the-go” in order to deliver
specialized treatment to patients in as little time as possible.

Results: Preliminary testing shows that the
incubator performs comparably to current, nonportable, blood culture solutions. In the graph on the
right, E. coli was incubated in the BACTECTM and
Grow-on-the-Go incubators for 8 hours. A 2-factor
ANOVA run on the data collected in Figure 2a
reveals that the mean growth at each time point was
not significantly different between the two devices.
In Figure 2b, an 8-hour incubation within an
average external temperature of 8°C supports that
our incubator can maintain its 35°C target
temperature on battery power for the maximum
required transport duration.
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Simulated Human Arm Optical Phantom

In vivo Flow Cytometry (IVFC) is an advancing field in biomedical optics that can enable real time and high-throughput
detection of rare circulating cells. These cells are extremely relevant in cancer research and treatment. To develop a Diffuse in
vivo Flow Cytometry (DiFC) system for human subjects, Professor Niedre and the Biomedical Optics Research Group at
Northeastern requires a human forearm phantom. The goal of this project is to create a forearm phantom that incorporates
realistic blood flow and involuntary motions to challenge the DiFC system. The device will comprise silicone phantom pieces
that allow tubing to sit between 2 and 6mm beneath the surface, two syringe pumps to produce arterial and venous blood flow,
and an involuntary motion simulator to create both tremor and twitch movements.
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