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A. Personal Statement 
The objective of the proposed project is to develop a nanomedical formulation that offers a 
treatment option to docetaxel (DTX)-resistant prostate cancer (PCa) using the combination of 
siRNA and DTX therapeutics through a multifunctional system capable of simultaneous targeting 
and sequential drug delivery. This formulation is based on the use on biomimetic reconstituted 
high-density lipoproteins (rHDL) nanoparticles, which consist of a poly(lactic-co-glycolic acid) 
hydrophobic core with dispersed DTX, and a shell of cholesterol-conjugated siRNAs, amphiphilic 
phospholipids and apolipoproteins. Selective targeting will be achieved through the interaction 
between the apolipoprotein on the rHDL and the SR-B1 receptor on the PCa. This method of time-
staggered siRNA/DTX delivery combines the RNAi technique to inhibit the drug-resistance genes, 
which then allows normal chemotherapy using DTX. The silencing of the genes opens a window 
of time, in which the resistant cells become sensitized to the anti-cancer drug, which is slowly 
released from the erodible core of the rHDL. 
Targeting and treatment efficacy will be assessed using a 3D in vitro model consisting of human 
DTX-resistant PCa spheroids, normal prostate epithelial cells and fibroblasts, embedded in a self-
assembled peptide hydrogel with tumor-equivalent stiffness. I have considerable experience in 
the three key areas of this project: 1) synthesis and characterization of nanostructures including, 
lipid nanoparticles and its derivatives, 2) the development of conjugation chemistries to immobilize 
biomolecules, 3) the analysis of nanostructure cytotoxicity towards cancer cells, and 4) analysis 
of gene expression data as it pertains to cytotoxic response. To provide support in the siRNA 
knockdown experiments we will consult with Dr. Kate Excoffon who is my collaborator and the 
resident expert in RNAi technologies at Wright State. All the necessary methods required for the 
proposed project are working and at hand. I am confident that my previously acquired expertise 
will enable me to effectively lead and manage the proposed project ultimately resulting in the 
emergence of insights for the development of novel nanomedicine formulations for cancer 
treatment.  
As my past research and educational accomplishments demonstrate, I am highly motivated to 
continue developing an academic career Wright State, an institution with an emerging capacity in 
biomedical research. Under my supervision I have always had a good-sized interdisciplinary 
group of graduate and undergraduate students from many of the engineering and life sciences 
departments. For instance, I have graduated 9 graduate students, have advised 17 



 

undergraduate research project and 6 post-MS practical training projects. I currently supervise 8 
graduate and 5 undergraduate students from Biology, Physics, Biomedical and Mechanical 
Engineering. All undergraduate and graduate student names are underlined in all citations.  
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1998-1999        Postdoctoral Fellow, Cancer Center, University of California, San Francisco, CA 
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C. Contributions to Science 
1. Nanoscaffolds to Enhance Osteogenic Stem Cell Functions 
The lack of suitable high-throughput assays is particularly problematic in the field of biomaterials 
research where a wide range of specialized tests are required. Examples of key biomaterial 
properties include surface protein adsorption, rate and mechanism of degradation, specific 
biological responses of cells contacting the material surface, cytotoxicity, and degree of 
biocompatibility in vivo. Each of the above-mentioned properties must be explored through rather 



 

tedious experiments. This is a critical bottleneck in the implementation of a combinatorial 
biomaterial discovery process. We developed high-throughput methods for selecting metal oxide 
combinations for yielding optimal osseointegration when used in bone prosthetics. In this process 
we found that all these combinations had unique nanostructured topographic features and that 
these promoted osseointegration by allowing to adsorb more serum proteins, which then unfold 
exposing their cell-binding motifs.  
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2. Electrochemical Biosensors for Cancer Biomarkers 
Biomarkers are described as characteristics that provide information about biological conditions 
whether normal or pathological. Detection of biomarkers at the earliest stage of the cancer is of 
utmost importance for clinical diagnosis. Electrochemical biosensors allow detecting low levels of 
specific analytes in blood, urine or saliva and providing a sensitive approach for direct 
measurement of cancer biomarker detection. Moreover, the integration of electrochemical 
devices with nanomaterials, such as carbon nanotubes, gold and magnetic particles offer 
amplification and multiplexing capabilities for simultaneous measurements of cancer biomarkers 
very sensitively. Our main goal was to improve sensitivity and signal to noise ratio without using 
mediators. We combine materials, first to detect analytes and improve enzymatic reactions. 
Finally, we developed highly-sensitive electrodes using nanostructured materials and used for the 
first time double stranded DNA for the detection of transcription factors.  
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3. Nanostructured Therapeutics for Cancer 
Cancer continues to be one of the most difficult global healthcare problems. Although there is a 
large library of drugs that can be used in cancer treatment, the problem is selectively killing all the 
cancer cells while reducing collateral toxicity to healthy cells. Our initial focus had been on the 
creation of multifunctional drug delivery formulations that considering the drug mechanism of 
action. We then included specific targeting molecules to these formulations, starting with 
antibodies and ligands, and eventually moving towards highly-specific aptamers. Additional 
considerations for the formulation included the nanoparticle uptake mechanisms to optimize drug 
delivery and targeting. We have varied our formulations from metals and semiconductors to 



 

biomimetic HDL nanoparticles. In addition, we have developed formulations for the co-delivery of 
therapeutics that can be delivered in a time-staggered manner.  
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4. Dimensionality in Growth and Differentiation of Mesenchymal Stem Cells 
Human mesenchymal stem cells (MSCs) are considered a promising cell source for regenerative 
medicine because they have the potential to differentiate into a variety of lineages among which 
are the mesoderm-derived lineages such chondrocytes (cartilage), adipocytes (fat) and 
osteoblasts (bone). We hypothesize that a supportive three-dimensional (3D) structure provides 
MSCs an environment that more closely mimics the in vivo environment. We studied the 
chondrogenic, lipogenic and osteogenic differentiation capability of MSCs in 3D cultures and 
compared it the chondrogenic, lipogenic and osteogenic potential of MSCs in conventional 
monolayer (2D) cultures. In addition to proliferative and morphological changes, we measured 
temporal gene expression, focusing of the principal transcription factors involved in bonde 
development. This analysis allowed us to monitor cartilage and bone-relevant markers to compare 
the monolayer and 3D environment in their induction capacity of the chondrocytic, lipocytic or 
osteocytic phenotype.  
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5. Biophysical Stimulation to Induce Mesenchymal Stem Cell Differentiation 
The past decade has seen an unprecedented progress in the study and use of stem cells in cell 
replacement therapies and regenerative medicine. The advantage of these over pharmacological 
approaches for treating diseases can be seen by what they provide, with the former offering 
curative solutions while the latter merely providing palliative alternatives. For stem cell-based 
therapies to be able to be transferred from the bench to the bedside, a major challenge that needs 
to be overcome includes control over the stem cell differentiation towards specific lineages or 
tissues. Current differentiation induction involves the use of a variable set of biochemicals, which 
are not able to provide the necessary spatio-temporal dosage required by cGMP regulations.  
There is mounting evidence showing that changes in membrane potential (VMEM) and intracellular 
Ca2+ can exert significant control over stem cell differentiation. Ideally the induction of stem cell 



 

differentiation should be non-invasive and have spatio-temporal dosage control. The use of 
extremely-low frequency pulsed electromagnetic fields (pEMFs) as an adjuvant therapy for the 
treatment of bone and soft tissue wounds has been widely used since it was approved by the 
FDA almost four decades ago. This type of biophysical stimulation has been shown to induce 
these therapeutic outcomes by inducing stem cell differentiation through changes in ion fluxes 
and VMEM, while providing the necessary dosage control in a non-invasive manner.   Our approach 
has been to systematically study pEMF parameters as they promote human mesenchymal stem 
cell differentiation towards bone, cartilage and adipose tissue and to have a better understanding 
on the mechanisms involved in their development and regeneration. 
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D. Research Support  
Ongoing Research Support 
11234618 Ramirez-Vick (PI) 06/19-06/20 
DoD DURIP 
Title: Low vacuum field emission scanning electron microscope (LVFESEM+ EBSD + STEM) and 
a low-angle X-ray diffraction instrument for core microstructural characterization. 
Role: PI 
Completed Research Support (Last 3 years) 
1726095 Sizemore (PI) 09/17 – 08/19  
NSF MRI 
Title: MRI: Acquisition of a CytoViva system for highly interdisciplinary research and education in 
nanoscience and nanotechnology. 
Role: Co-PI 
NRC-HQ-84-15-G-0032 Ramirez-Vick (PI) 09/15 – 08/18 
DoD NRC 
Title: The University of Puerto Rico at Mayaguez Faculty Development Program: Structural 
Engineering for Nuclear Facilities – Experimental Research Initiative 
Role: PI 
1460704 Cordova (PI)  04/15 – 03/18 
NSF REU 
Title: REU: Research Experiences for Undergraduates in Reconfigurable and Multifunctional Soft 
Materials at UPRM 
Role: Co-PI 
NRC-HQ-84-14-G-0057  Ramirez-Vick (PI) 08/14 – 07/17  
DoD NRC 
Title: The University of Puerto Rico at Mayaguez Faculty Development Program in Structural 
Engineering for Nuclear Facilities 
Role: PI 


