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During the summer of 2019, we hosted 2 Honors 
Undergraduate Students supported by Dr. Joan Ontjes 
wife of the late Dr. David A. Ontjes, MD via the "David A. 
Ontjes Honors Opportunity Fund". We really appreciate 
the kind support from Joan. The students really enjoy this 
opportunity to do research over the summer, especially 
health and medicine related research work! 

Two seniors, Mikayla Hoyle and Renee Kryk, worked on 
projects revolving around microfluidic and nanofluidic chip 
fabrication, device assembly, and chip applications 
targeted for the molecular analysis of liquid biopsy 
markers in cancer patients (see Figure 1). While we have 
supported students working on the use of microfluidics for 
the isolation of circulating tumor cells (CTCs) from the 
blood of patients with a variety of diseases, such as 
multiple myeloma (see cover page of Integrative Biology 
in Figure 2; this was joint work with BioFluidica), it is now 
clear that physicians require information regarding the 
molecular composition of the patient’s disease. This is 
necessary in order to make decisions regarding 

appropriate therapies for that patient to enable 
precision medicine. For example, in the case of 
multiple myeloma, KRAS mutations may/may not be 
present. The mutational status of the KRAS gene from 
CTCs can be used to prognosticate the nature of the 
patient’s disease and assign proper treatment. Thus, 
our efforts have been relegated to develop new tools 
for the molecular analysis of rare cells, such as CTCs, 
to enable precision decisions on patient treatment. In 
addition, we have expanded our portfolio of liquid 
biopsy markers we can analyze, such as extracellular 
vesicles (EVs) and cell free DNA (the isolation tools we 
are using were jointly developed with BioFluidica). 
Thus, Mikayla and Renee were engaged in assisting in 
the development of new microfluidic-based molecular 
analysis tools that can be used with liquid biopsy 
markers, such as CTCs and EVs. 

Mikayla collaborated with a senior graduate student 
Zhao Zheng (Bioengineering) on the enumeration of 
EVs isolated from cancer patients. The EVs were 
enumerated using a nano-Coulter Counter (see Figure 
3) made via injection molding from a plastic. EVs are 
nanometer size lipid-encapsulated particles released 
by cells, including tumor cells. EVs are of interest to our research group as they contain tumor-
specific molecular signatures that can aid in early patient diagnosis and provide clinical utility as 

Figure 1. Summer 2019: honors
undergraduate senior students: Renee (left) 
and Mikayla (right). Pictured in the middle is
an undergraduate Bioengineering student,
Ms. Yeonzu Son, from South Korea. 

Figure 2. Cover of Integrative Biology
highlighting our work in developing a diagnostic 
test for multiple myeloma. 



next-generation biomarkers for liquid biopsy in cancer 
management.  Mikayla isolated EVs from plasma of 
mouse models with growing tumors in ovaries and also 
ovarian cancer patients. She enumerated these 
markers using the nano-Coulter counter. We are writing 
a peer-reviewed publication based on this work and 
Mikayla will be a co-author. At the end of the summer, 
Mikayla made a poster presentation highlighting her 
work. We are now working with researchers at the KU 
Cancer Center on using EVs as diagnostic and 
prognostic markers for ovarian cancer. 

During the course of the summer, Renee Kryk, an 
honors major in Mechanical Engineering at KU worked 

on a project entitled “Nanosensor Array: 
Detection and Identification of Single 
DNAs for Comprehensive Molecular 
Profiling.” She worked in conjunction with 
a senior level graduate student in 
Bioengineering, Ms. Swarnagowri 
Vaidyanathan. The nanosensor device 
(see Figure 4) is very unique and can 
determine the mutational status of any 
gene even when in low copy number as 
would be anticipated when securing DNA 
from CTCs. The device uses both 
hydrodynamic and electrokinetic flows. 
Reagents are inserted into the device 
hydrodynamically through a disperser 
region and DNA fragments are 
immobilized to a solid pillar array and then, 
subjected to a solid-phase molecular 
biology reaction to generate products 

Figure 3. nano-Coulter counter for enumerating
EVs. (a) Layout of nano-Coulter counter with an
SEM picture of the nanopore used to count EVs.
(b) Trace data for enumerating EVs from an
ovarian cancer patient along with the amplitude
of the peaks (top) shown in the bottom trace.
These results were secured by Mikayla with the
help of Mr. Zheng. 

(a) 

(b) 

Figure 4. Top – Nanosensor used to detect mutations in DNA
even in low copy numbers. The device consists of three 
elements, disperser, pillar array and flight tube. The mutations
are identified by reading the time it takes a DNA product to travel
between two detector elements. Bottom – COMSOL simulation 
results secured by Renee with help from Ms. Vaidyanathan. The 
simulation shows current density of the nanosensor when the 
fluid motion is driven electrically. The red arrows show the motion
direction for the DNA products, which carry a mutation. 

Disperser Pillar Array Nanometer 
Flight Tube 



formed if a mutation is present. The products are readout using a nanometer flight tube.  

Renee predominantly worked on performing simulations of the device for this project using a Finite 
Element Analysis method, COMSOL. She helped with the design of the model in AUTOCAD and 
ran simulations for the design for various operational aspects of this unique device. She was 
involved in testing the influence of different pressures on hydrodynamic flow, the electrical 
potential drop across the nanofluidic channels for different voltages and performing 
electroosmotic flow across the nanofluidic channels (Figure 4; bottom panel). Further, she 
assisted with the design of nanofluidic channels with nanopores (label-free readout of mutations), 
and ran the simulations again for hydrodynamic, electrokinetic, and electroosmotic flow 
conditions. Subsequently, she worked on particle tracing in the device, which was quite a 
challenging study. Apart from working on COMSOL, she also learned about the process used to 
make the thermoplastic nanofluidic devices, which is called nanoimprint lithography (NIL) and 
joined a senior level graduate student in the class100 clean room space to assist in the process 
of making nanofluidic chips. Overall, she was very proactive, intelligent, and was quick to learn 
things. We are currently writing a paper on this work for peer-reviewed publication and Renee will 
be a co-author on this manuscript. Renee also did a poster presentation at the end of the summer. 

As a part of the training in our lab at the end of the summer, Mikayla and Renee participated in 
the microfluidic workshop “How to Make It” where they heard about microfluidic and nanofluidic 
technology contributions to precision medicine. They partook in lectures, round table discussions, 
invited lectures, networking, and hands on experimentation in the cleanroom as well as in the 
laboratory.   
 


