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A Partnership Training Program — Studying Targeted Drug Delivery Nanoparticles in Breast Cancer
Diagnosis and Therapy

I. INTRODUCTION

In this program, we proposed to establish a Nanomedicine Core to train faculty and students at
Howard University to pursue molecular imaging of breast cancer using nanoparticles as targeted drug
delivery vehicles. This is a partnership with the Johns Hopkins University In Vivo Cellular Molecular
Imaging Center and the Nanotechnology Characterization Lab at NCI-Frederick. At Howard University,
this partnership involves a multidisciplinary consortium of four departments: Radiology, Radiation
Oncology, Molecular Biology and Biochemistry, and Electrical Engineering. The program has two
components, a research component and a broad training component. The Howard University trainees
will obtain training through collaborative research and by participation in a broad based training
program. Renowned experts in nanomedicine and molecular imaging will participate in the training
through mentoring research, seminars, workshops, and by offering laboratory internships. This transfer
of nanomedicine techniques will support ongoing, long-term breast cancer research at Howard
University. The major goal is to provide faculty trainees and their students at Howard with updated
nanomedicine techniques to apply to independent breast cancer research, thus enhancing their ability
to educate the next generation of scientists. The program objectives are:

1. Train new researchers in breast cancer using modern nanomedicine techniques.
2. Offer lectures, seminars, workshops, and laboratory internships in nanotechnology and
molecular imaging.
Conduct two proposed research projects.
Establish a Nanomedicine Core to support long-term sustainable research.
5. Research concept development and submission of competitive grants in breast cancer imaging.

Pw

Il. BODY

Molecular imaging and functional MRI continue to provide new insights into the etiology,
diagnosis, and treatment of breast cancer. In clinic, these methods have made a significant impact in
breast cancer diagnosis and in monitoring response to therapy. As our understanding of breast cancer
advances, we further recognize the complexities of this disease and the urgent need for individualized
characterization and treatment. Recent exciting advances in the application of MR methods for breast
cancer research have resulted from the development of contrast agents (CAs) that generate receptor-
targeted or molecular-targeted contrast. Targeted CAs can be directed to cell surface receptors using
antibodies [1, 2] or ‘smart’ agents activated by specific enzymes, or based on the expression of
detectable reporters [3, 4]. These molecular imaging capabilities, in combination with the strong
functional imaging capabilities of MR methods, allow molecular-functional characterization of cancer
and the physiological microenvironment of tumors [5]. Non-invasive MR can play an important role in
the molecular-functional characterization of breast cancer for detection, drug delivery, development of
therapeutics, and monitoring of treatment response. Lately, the development of nanotechnology has
also had a dramatic impact on diagnosis and treatment [6-8]. Among many possible applications of
nanotechnology in medicine, the use of various nanomaterials as pharmaceutical delivery systems for
drugs, DNA, and imaging agents has gained increasing attention. Many nanoparticle-based drug delivery
and drug targeting systems have been approved by FDA or are under development [9-11]. Their use
aims to minimize drug degradation, prevent undesirable side effects, and increase drug bioavailability
and the fraction of drug dosage delivered to the pathological area.
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In order to achieve the goals of this training program, we have proposed conducting two
research projects and a broad-based training program to train researchers at Howard University in the
field of the application of nanotechnology in targeted drug delivery. In conjunction with these activities,
we also proposed establishing a University Nanomedicine Core to promote and facilitate campus-wide
research and training. The following progress report is a summary of the accomplishments for the third
year in the areas: (i) research, (ii) training, (iii) establishment of Nanomedicine Core, and (iv) alighment
with the Statement of Work.

11.1. Research Projects

Project 1: Study the physicochemical characteristics of nanoparticles as MR contrast agent delivery
system with the dynamic contrast enhancement pattern for clinical applications

In the first three years of this grant, we have made liposome (Lip) with transferrin (Tf) as ligand
on the surface. This transferrin labeled liposome (Tf-Lip) has demonstrated to be preferentially targeted
to MD-MB-231 breast cancer cells both in vitro and in vivo. We have used these liposomes loaded with
gadolinium (Gd) based MRI contrast agent (CA) in a dynamic contrast enhancement (DCE) study of solid
tumor. The MRI image of tumors using transferrin targeted liposome (Tf-Lip-CA) versus liposome
without transferrin (Lip-CA) showed very distinct image enhancement patterns. The MRl image
enhancement by Tf-Lip-CA is much faster than by Lip-CA. The enhancement pattern is heterogeneous
throughout the solid tumor and correlates well with the level of transferrin receptor expression in the
cancer cells, shown by histological findings. Cancer cells with high levels of transferrin receptors, such as
the fast proliferating cancer cells usually located at the outer regions of tumor showed faster and
stronger enhancement. The enhancement pattern and liposome endocytosis process varies depending
on liposome size. In order to study the endocytosis process of the liposome, we have implemented a
pharmacokinetic model to analyze the MRI image enhancement pattern.

Pharmacokinetic parameters often used in DCE-MRI pharmacokinetic analysis include
extracellular extravascular space (EES), volume transfer constant between EES and blood plasma, EES
volume, blood plasma volume, rate constant from EES to blood plasma, rate constant from blood
plasma to EES, rate constant from EES to cancer cells, and rate constant from cancer cells to EES.
However, the methodological implementation in pharmacokinetics analysis has been highly variable,
leading to multiple challenges in data quality. One of the challenges is the size distribution of liposome
used in the study. This year, we have made great efforts to perfecting the liposome fabrication method
in order to construct well characterized liposomes with a narrow size distribution for targeted drug
delivery. Utilizing the well-defined liposomes of different sizes, we will study the differences in cell
uptake of Tf-Lip-CA in solid tumor.

Liposome Preparation and Reduction of Size Distribution

Liposome Preparation

We have used a thin-film hydration method for liposome preparation [12]. Various lipid
components (DPPC, DSPE-PEG, and cholesterol) were first mixed in chloroform. The chloroform was
then removed by nitrogen gas using a rotary evaporator resulting in a thin lipid film. The lipid film was
hydrated with buffer under agitation to form liposomes. The liposomes at this stage were large and had
a wide distribution of sizes. The heterogeneous liposomes were repeatedly extruded through a series of
200, 100, 80, 50, and 30 nm polycarbonate membrane filters to create smaller liposomes, with the size
of the resulting liposome depending on the combination of filters used. Sonification was applied to



further break down liposomes to smaller sizes before 50 and 30 nm extrusion. The liposomes were then
conjugated with PEG to prolong blood circulation [13].

The size of the liposomes was determined by dynamic light scattering (DLS). For an example, five
different groups of liposomes, varying in size from 50 to 170 nm, were produced using the extrusion
method (Figure 1). The relative standard deviation (RSD) of liposome size was in the range of 20-30%,
suggesting a relatively large size distribution in each group, which may lead to poor quality DCE data and
mask the subtle differences in image enhancement patterns of different size liposomes. A narrow size
distribution will be critical for studying the size dependence of targeted liposome uptake in solid tumors.

Size Distribution By Intensity
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Figure 1. Liposome size measurement. Liposomes were made using the extrusion method. Each group of
liposomes is labeled with membrane filter size. The size measurement is intensity weighted.

DLS is a commonly used technique for measuring particle size in colloidal suspensions [14]. The
DLS-measured particle size, known as z-average size, is a scattered light intensity weighted mean size of
the particle ensemble. The measured size is biased toward the larger-size particles in the distribution. In
order to confirm the size distribution measurement of our liposomes, we are planning to use cryo-
transmission electron microscopy (cryo-TEM) at the University of Maryland College Park to confirm the
liposome size distribution and to check the accuracy of DLS measurement.

Reduction of Size Distribution

In order to narrow down the size distribution of liposomes created with the extrusion method,
we are developing a size exclusion chromatography (SEC) method to separate liposome of different
sizes. This method has been shown effectively producing liposomes with well-defined size [15]. In the
meantime, we are also implementing a relatively new microfluidic flow-focusing method to produce
liposomes with a very narrow size distribution [16]. This method consists of a fast central flow
containing lipid in an alcohol solution, which intersects from both sides by aqueous buffer solutions
(Figure 2). When these three flows merge into a central microchannel, the alcohol and lipids diffuse into
the aqueous buffer solution. As the alcohol solution is diluted to a critical concentration, the lipids
assemble spontaneously to form liposomes. This microfluidic method enables a controlled formation of
liposomes size ranging from about 50 to 150 nm in diameter, with RSDs from ~10% for smaller liposome
to ~20% for larger liposome [17]. These liposome size distribution will be much narrower than the size
distribution currently acquired using the extrusion method.



Figure 2. Schematic of liposome formation in a
Vesice Famaiichiarinteriocs microfluidic channel. Andreas Jahn. 2008. Controlled
"m liposome formation and solute encapsulation with
continuous-flow microfluidic hydrodynamic focusing.
(Doctoral dissertation)
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NMR Study of Tf Binding Process in Solid Tumor

Nuclear magnetic resonance (NMR) has long been used in drug discovery to study ligand-target
binding process. The methods of detection of ligand binding fall into two main categories: probing the
NMR chemical shift signals of protein, and probing the relaxation rates of ligand in the free or bound
states. These NMR methods are capable of probing the dynamic properties of ligand-target binding in
solution on a defined timescale. However, these methods are not applicable to study ligand-target
binding in solid tumor due to the lack of notable differences in NMR chemical shift between the bound
and free states, resulting in overlapping peaks caused by broad line widths.

We proposed a new NMR method that utilizes a distinguished compartmental model to
measure chemical exchange kinetics in a complex in vivo solid tumor environment. This method involves
acquiring a series of Carr-Purcell-Meiboom-Gill (CPMG) measurements and processing the data using
two different analyses (nonnegative least squares (NNLS), and transverse relaxation dispersion). The
combined strategy allows investigating dynamic ligand binding processes that are inaccessible to
conventional NMR methods. To test the validity of this approach, we have used a simple tryptophan
binding to serum albumin model to detect the interconversion in a two-site exchange system.
6-fluoro-DL-tryptophan (6F-TRP) was dissolved in 0.05M HCIl at room temperature to make a 45-mM
stock solution. Bovine serum albumin (BSA) was then dissolved in the 6F-TRP stock to prepare a 1.13-
mM BSA/ 45-mM 6F-TRP mixed solution for characterization of chemical exchange process between the
free and BSA-bound states of 6F-TRP. To mimic a condition in which macromolecules cannot penetrate
cellular barriers, such as cytoplasmic membranes, semi-permeable dialysis membranes (8-10 kD MWCO)
were implemented to separate the BSA/6F-TRP mixed solution from the 6F-TRP solution. All the
samples were separately placed in 5-mm NMR tubes for 1°F transverse relaxation experiments. °F NMR
data were measured with a 9.4T Bruker NMR. T, relaxation data were collected using a spectroscopic
CPMG pulse sequence. The °F T, relaxation decays were acquired with a sufficient number of
transients, repetition time of 10s, and echo-spacing 2tcpme varying from 0.2 to 25 ms in 19 steps. The
acquired *F transverse relaxation decays were introduced into the multiexponential T, relaxation
analysis by using the NNLS algorithm equipped with the Tikhonov regularization (detailed in the
submited manuscript):

ZTI\{=1|Z%=1 ApnmSm — }’n|2 + HlZ%ﬂ Sml2 (1]
The NNLS approach makes no a priori assumptions about the number of relaxation components present.
A minimum energy constraint, i.e. a Tikhonov regularization of second kind in our study, is imposed into



the function to lessen the impact of noise on the curve fitting and to permit generation of a continuous
T, distribution. Given the x? misfit defined as

X2 = 01— 1 A S — Y)? /07, [2]
, Which is the sum of variances of the prediction errors divided by the standard deviation of y,,, a
nonnegative set of §,,, was obtained by performing regularization of NNLS fits, in which an appropriate
value of the regularizer p was selected for an optimal condition that the x? misfit value from the
regularized fit was 100.5% of the non-regularized x>
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Figure 3. T, distributions obtained from NNLS analysis of '°F transverse relaxation curves measured in
the (A) 6F-Trp, (B) BSA/ 6F-Trp mixed, and (C) 6F-Trp and BSA/ 6F-Trp mixed bilayer solutions.

The typical T, distribution result shown in Fig. 3 demonstrated that the NNLS analysis is capable
of detecting signals from the intracellular and extracellular compartments, which was mimicked by using
the dialysis membrane to separate the protein-ligand mixture from the ligand-only solution in this study
(Fig. 3C). The Ta distributions containing two distinct peaks in Fig. 3C were identified and verified through
examining the T, distributions of 6F-TRP solution (Fig. 3A) and BSA/6F-TRP mixed solution (Fig. 3B),
respectively. Figure 4 shows the transverse relaxation dispersions collected in the free 6F-Trp, the
free/bound exchanging 6F-Trp and their associated fitted curves. The curves fitted to the relaxation
dispersion data using the slow exchange model (Eq. 1) are displayed in dashed lines, while those using
the skewed population approximation model (Eq. 2) are solid lines. The slow exchange model depicting
the blue, dashed curve estimated 6w = 1231 + 155 Hz (or 3.27 + 0.41 ppm) in the BSA/6F-Trp mixed
solution, compared with the BSA-bound 6F-Trp resonance of a 3.45-ppm drift from the free peak
observed in the 1°F spectra. In addition, the skewed population approximation depicting the blue, solid
curve provided the estimates of kex = 249.8 s, spin populations = 97.54% (free 6F-Trp) and 2.46% (BSA-
bound 6F-Trp), respectively, for the BSA/6F-Trp mixed solution, referring to the dissociation constant Kp
=912 uM, compared with spin population = 97.49 to 97.65% (free 6F-Trp) and 2.51 to 2.35% (BSA-bound
6F-Trp) calculated from the dissociation constants Kp = ~10 to 3000 uM reported in literature. Here we
have demonstrated that the fitting of the multiexponential-T,-analysis-derived CPMG relaxation
dispersions were sensibly comparable to the results in previous studies using other different methods.
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Project 2: Development of Multifunctional Nanoparticles for Breast Cancer Diagnosis and
Treatment — Using Anti-VEGFR-2 Immunotoxin as Dual Purpose Ligand and
Chemotherapeutics as Encapsulated payload

Angiogenesis is a vital process for tumor development, growth and metastasis and this process
involves various proangiogenic factors, forming a complex interacting network. Among these factors
are vascular endothelial growth factor receptor (VEGFR), epidermal growth factor receptor (EGFR), and
prostate-specific membrane antigen (PSMA). Studies have shown that EGFR is overexpressed and
mutated (EGFR variant Il or EGFRvIII) in almost all types of cancer, especially in those arising from the
brain, breast, head and neck, lung and prostate. EGFR signaling promotes not only cancer cell growth,
but also angiogenesis by inducing other proangiogenic factors such as VEGF and interleukin-8. PSMA
has also been shown to be universally expressed in the neovasculature of most types of nonprostate
cancers including breast cancer. PSMA regulates angiogenesis by modulating integrin signal
transduction. High expression of EGFR, EGFRvIII, and PSMA and their critical roles in tumor growth and
angiogenesis make them extremely attractive targets to develop targeted imaging and therapy against
tumor angiogenesis and tumor growth.

Generation of a Bispecific Bivalent Recombinant Immunotoxin (RIT) against Tumors with EGFR and
EGFRvIII Expression

Anti-EGFR monoclonal antibodies (mAbs) and tyrosine kinase inhibitors (TKIs) have been
developed and investigated intensively in an attempt to develop EGFR-targeted therapy of various types
of cancer. However, only mAbs have to date demonstrated a certain degree of survival improvement for
a small subset of patients. Results with reversible and irreversible TKls are generally disappointing.
Continued development of mAbs is facing formidable challenges, especially with the dose-limiting side
effects induced by their binding with the EGFR expressed in normal tissues, and with the innate and
acquired resistance associated with up-regulation of ligands to compete with mAbs for receptor binding,
persistent activation of downstream signaling through multiple interacting pathways, and EGFR
mutations.



Table 1. ICs, of DT390-BiscFv806 By capitalizing on the unlq'ue specificity to the
overexpressed EGFR and EGFRvIII in cancer, and

humanization-derived benefits of the mAb806, we
us7 GMB 1.5x 10° generated a bivalent RIT, designated as DT390-BiscFv806,
by fusing an engineered diphtheria toxin (DT) fragment

Cell lines Tumor type ICsy (M)

u87-ED4 GMB 46x 101

(DT390) with the humanized mAb806-derived bivalent
JHU-29 HNSCC 1.2x 104 single-chain variable fragment (biscFv) via amino acid
JHU-13 HNSCC 3.8x 10" |inkers. DT390-BiscFv806 was produced with a DT-
JHU-11 HNSCC 1.9x 108 resistant Pichia expression system. They were purified
JHU-19 HNSCC 1.0x 10° following a four-step scheme: diafiltration, capture by
JHU-22 HNSCC 1.3%107 hydrophobic chromatogr.aphy, borate anion exchange
JHUSE HNSCC 5 1%108 chroma'Fography, :.;md anion exchange chromatography.

' The purity of the final product was >95%. NUPAGE 4-12%

GMB: glioblastoma multiforme; HNSCC: head gel electrophoresis and Superdex 200 size-exclusion
and neck squamous cell carcinoma chromatography revealed a single band and a major

peak, respectively, with a size of ~97 kDa.

We then tested the cytotoxicity of DT390-BiscFv806 against a group of cancer cell lines (Table 1).
Cytotoxicity studies showed that DT390-BiscFv806 was highly cytotoxic although the half maximal
inhibitory concentration (ICsp) was different against different cancer cell lines (Table 1). The ICs of
DT390-BiscFv806 was measured to be 1.5 x 10°M and 4.6 x 10"** M for U87 and EGFRuvllI-transfected
U87-EGFRVIII cells, respectively. Notably, DT390-BiscFv806 had four orders of magnitude more potency
against the U87-EGFRvIII cells than against the parental U87 cells.

The 1Cso of DT390-BiscFv806 varied among the six HNSCC cell lines and there was a good
correlation between the ICsp and the EGFR expression levels. The HuBiscFv-DT390 exhibited the highest
cytotoxicity against the JHU-13 cells with an ICso of 3.8 x 107%° M (Table 1). The JHU-6 cells that had the
least EGFR expression showed the least sensitivity to the HuBiscFv-DT390 with an ICso of 2.4 x 107 M.

We further evaluated the antitumor efficacy of DT390-BiscFv806 in established U87-EGFRuvIII
and U87 animal xenograft tumor models (Fig. 5). The tumor growth was inhibited significantly by
systemic administration of DT390-BiscFv806 with a mean percentage tumor growth inhibition (%TGI) of
76.3% (ranging from 59.8%-96.2%) and 59.4% (ranging from 31.5%-76.0%), respectively.

A manuscript regarding the generation of DT390-BiscFv806 and studies on its anti-tumor
efficacy has been prepared and submitted to the journal, Clin Cancer Res, for publication.
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Engineered Antibody Fragments for PSMA-targeted Imaging

The high specificity of antibodies, along with the potential of imparting molecular specificity into
existing imaging modalities, makes them extremely attractive for molecular imaging. Because of their
dependence on a specific antigen target, antibodies are more suitable for imaging cancers with slow
growth rate and low metabolic activity such as prostate cancer. However, two major issues form a
critical barrier for their use in tumor imaging. One is the long circulation time (few days to weeks in
blood), which requires at least 1-2 days after administration to reach a clear and specific
tumor/background tissue contrast. Another is the poor tumor tissue penetration, imposed by the large
molecular size of antibodies, binding-site barrier, and high tumor interstitial pressure. As a result, the
contrast enhancement is suboptimal, same-day imaging is unachievable, and to date, only a small group
of antibodies have been approved for clinical imaging.

Because of the common issues of antibodies, great efforts have been made to generate
antibody fragments. The most critical aspect in antibody engineering is generating antibody fragments
with high functional activity in high quantity and purity. This project is designed to develop a novel
PSMA-specific platform of engineered antibody fragments for molecular imaging of prostate cancer. The
project is formulated on the hypotheses: 1) engineered fragments could serve as a platform to develop
imaging agents, such as PET and optical imaging agents, with high sensitivity and specificity to cancers
that overexpress PSMA; and 2) engineered fragments will enable imaging on the same day as
administration, in contrast to antibodies.

In the initial studies, we engineered three formats of PSMA-targeted antibody fragments: a
single-chain variable fragment (scFv, 27 kDa), a bivalent tandem scFv (biscFv, 54.6 kDa), and a bivalent
scFv fold-back diabody (scfbDb, 54.6 kDa), capitalizing on the high specificity of 1591 antibody against
the extracellular domain of PSMA. The scFv contained one V|, and one Vy joined by a 15 amino acid linker
((G4S)3), while the biscFv had two identical scFvs. The long linker allows for proper folding and
dimerization of the V./Vy within the same scFv to form the binding sites. Different from the scFv and
biscFv, the scfbDb consisted of two scFvs bridged by optimized lengths of GS linkers. The fold-back
structure of scfbDb was formed by preventing dimer formation between the V,/Vy within the same scFv
by reducing the Vi /Vy linker to five residues (G4S), while permitting interactions between the distal and
proximal Vi/Vy domains from different scFv by placing a longer linker ((G4S)s) between the two scFv.

6 7 8 9

== Figure 6 shows the non-reducing SDS-PAGE electrophoresis of the
fold-back diabody as a representative of the fragments. Each lane
e = represents the eluted scfbDb with different concentrations of NaCl
from an anion exchange column. The scfbDb in lane 9 is the product
used for studies.

2 3 4.5

Competition assay showed that the binding affinity of scfbDb was 7-fold and 2.5-fold higher
than that of biscFv and scFv, respectively. The scfbDb was confirmed for its ability to efficiently mediate
the entry of the toxin moiety, DT390, to the cytosol of PSMA-expressing LNCaP cells, but not to PSMA-
absent PC-3 cells under confocal microscopy. Optical imaging studies with the fluorescently labeled
scfbDb are ongoing in animal models of cancer.

1.2. Broad Based Training Components

The Molecular Imaging Laboratory has regular bi-weekly group meetings, journal clubs, and
11



seminars. Some seminars have been arranged through webinars sponsored by imaging vendors, giving
the Howard University community the opportunity to attend seminars given by experts from around the
world, followed by very productive and fruitful local discussions. The group meetings engage
participants in discussing the current status of research projects, analyzing any experimental issues of
the current research, reviewing progress, and exchanging ideas, and have been the primary mode of
interaction between Howard researchers and collaborating experts. The faculty trainees have also
attended seminars at JHU ICMIC. The HU and JHU partnership leaders have been coordinating the
training efforts through meetings and emails. Through participation in the Imaging Core-sponsored
seminars and workshops, and interaction with Imaging Core staff, a multidisciplinary nanomedicine
research community has been established and many fruitful exchanges of research ideas generated.
Significant common synergies of interests have been identified, and much multidisciplinary research
collaboration has developed. This year, the Molecular Imaging Lab has continued to provide didactic
training for Howard researchers. The Molecular Imaging Lab has offered a series of NMR/MRI Lectures
and Hands-on Training, and also has supported staff to attend a NIH FAES graduate nanomedicine
course and a NIST workshop on standards for the advancement of optical medical imaging.

This year, there were two new faculty members using the facility to conduct research in the
nanomedicine field due to the establishment of the Nanomedicine Core through this funding support. In
total, there were 11 faculty members from 7 departments and 11 scientists from the other institutions,
including Children’s National Medical Center, Johns Hopkins, Fu Jen University, and Angimmune, who
used the core facility to conduct 16 research projects. Six postdoctoral fellows, 9 graduate students and
1 undergraduate student worked with principle investigators on various research projects. Two graduate
students graduated this year and received PhD degrees. The faculty trainees and postdocs of the
program have submitted grants to NIH, COMRP, and NSF together with partnership leaders. We believe
that trainees engaged in this training program gain the interdisciplinary knowledge and skills they need
to lead multidisciplinary research in the area of nanomedicine. The seminars and workshops organized
at Howard University, as well as at other institutions, are listed as following:

Seminars and workshops

1. RTRN Research Resources Spotlight Webinar Series - Howard University Imaging Core Facility:
Molecular Imaging Laboratory. Paul Wang, September 26, 2013

2. Molecular Fluorescent Imaging Guided Cancer Resection — From Bench to Bedside. Sammuel
Achlefu, Johns Hopkins/Radiology, October 9, 2014

3. Measuring Renal Oxygenation in a Mouse Model of Volume-Dependent Hypertension using BOLD
MRI. Darah Wright, November 20, 2013

4. Utilizing Multispectral Optoacoustic Tomography (MOST) for Imaging and Assessment of Tumor
Growth, Angiogenesis and Therapeutic Intervention (webinar). Neal Burton, January 28, 2014

5. Understanding Underlying Mechanism of ICP-OES and ICP-MS (Thermo Scientific webinar).
Anneorie Bogerts, January 29, 2014

6. Maglib Quantification by MRI. Zhenjiang Zhang, February 28, 2014

7. Gliobastoma Multiform — Building the Gap Diagnosis and Treatment (Bruker Biospin Corp webinar),
March 18, 2014

8. Nanomedicine. NIH FAES Graduate course, weekly classes, March 24 — May 25, 2014

9. Targeting Vasculature in Inflammatory Bowel Disease (VisualSonics webinar), March 27, 2014

10. Multifunctional Nanoparticles: Applications in Cancer Therapy and Diagnostics. Mohanmmed
Shukoor, May 19, 2014

11. PMSA-Based Imaging and Therapy. Ying Chen, Johns Hopkins/Radiology, May 28, 2014

12. Water Exchange — Key Parameter for MRI Contrast Agent Design. Yunkou Wu, June 23, 2014

12



13. ICP-MS Techniques in Nanoparticle Analysis: Fundatmentals, Challenges, and Prospectives
(Spectroscopy Magazine webinar), Jorg Bettmer, June 25, 2014

14. Basic NMR Theory, PC Lin, July 23, 2014

15. Chemical Shifts and Coupling Constants, PC Lin, July 25, 2014

16. NMR Instrumentation, PC Lin, July 28, 2014

17. NMR Data Acquisition and Processing, PC Lin, July 31, 2014

18. NMR Dynamics, PC Lin, August 4, 2014

19. NMR Lab — Practice, Stephen Lin, August 7, 2014

20. Fourier Transform and MR Imaging Principles, PC Lin, August 11

21. Post-Imaging Processing Practice, PC Lin, August 14, 2014

22. MRI Imaging Lab Practice (), P Wang, August 21, 2014

23. Advanced Imaging Techniques, P Wang, August 25, 2014

24. MRI Imaging Practice (ll), P Wang, August 28, 2014

25. NIST Workshop on Standards for the Advancement of Optical Medical Imaging. NIST, Gaithersburg,
August 26-26, 2014

11.3. Nanomedicine Core

It is essential for Howard University to establish a basic infrastructure that is capable of
supporting a sustainable long-term research program in the field of molecular imaging of breast cancer
and nanomedicine. In continuing to improve its infrastructure, the University Imaging Core has obtained
a NIH Supplement grant, which will be used to pay for installation and moving costs associated with
replacing an aging 4.7T MRI machine with a newer 7T MRI machine. In order to seek support beyond the
current grant, the University Imaging Core, together with Computational Biology and Bioinformatics
Core, and Proteomics Core, has applied for and received new funding from the NIH/RCMI (Research
Centers for Minority Institutions) program. The Nanomedicine Core is part of the University Imaging
Core facility. This funding will support a major portion of the operation costs and staff salary for the
Imaging Core for the next 5 years. This year, a presentation on the Nanomedicine Core and University
Imaging Core facility was given at the National Academies’ Review of Army Research Laboratory (ARL)
Programs that Support Historically Black Colleges and Universities and Minority Institutions (HBCU/MI),
sponsored by the ARL. The Core’s equipment and research activities were presented to provide the
committee feedback on how HBCU/MI have used ARL funds to enhance science, technology,
engineering and mathematics (STEM) programs in their institutions.

Howard University Health Sciences has implemented a Research Strategy Plan that sets the
direction of the university biomedical research with emphasis on health disparities research. This plan
embraces new research disciplines such as proteomics, computational biology, nanomedicine and
genomics. To execute the University Research Strategy Plan and its commitment to nanomedicine
research, the University is constructing a new Interdisciplinary Research Building, to be completed in
late 2014, in which there will be a designated space for Nano biomedical imaging research. The
designated lab space is for nanomaterial fabrication with ultrastructure imaging and analytical
instrument for physicochemical characterization of nanoparticles, molecular biology labs with
incubators and hoods for cell culture and flow cytometry, and imaging suites for confocal microscope.
The University has also budgeted funds for purchasing a PET/SPECT/CT machine for small animal
imaging research. These new lab space and facilities will further enhance nanomedicine and breast
cancer research capabilities at Howard University.
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While maintaining state-of-the-art infrastructure is critical to providing researchers with tools to
perform the proposed researched projects, it is equally important to provide a broader research training
experience for faculty and students. The Nanomedicine Core continues to offer training opportunities
through seminar series, instrumentation workshops, and didactic lectures. The Nanomedicine Core staff
has helped researchers in experimental design, conducting imaging experiments, and analyzing data. In
the 4" year of this training program, we continued to expand the user base of the Nanomedicine Core to
pursue multidisciplinary biomedical research. There are 16 research projects that have been supported
by the Nanomedicine Core, including projects in the initial phase of research. This year, we added one
new project, liposome as drug delivery vehicle for head and neck cancer. We have recruited Dr.
Zhenjiang Zhang, a chemist, from Chinese National Center for Nanosciences and Nanotechnolgy as a
postdoc trainee. Dr. Zhang has a strong background in biochemistry and medicinal chemistry. He has
developed mesoporous silica nanorods coated with gold (Au@SiO2) as a multifunctional platform for
cancer diagnosis and treatment. He is working on perfecting the liposome fabrication and liposome-
ligand conjugation processes.

11.4. Statement of Work Summary

The accomplishments aligned with the Statement-of-Work occurred in this reporting period is listed as
following:

Research Component

Task 1. To conduct Research Project 1 “Study the physicochemical characteristics of nanoparticles as
MR contrast agent delivery system with the dynamic contrast enhancement pattern for
clinical applications” (months 1-48).

a. Purchase supplies for cell culture and materials for nanoparticles (months 1-2) (completed).

b. Construct liposome (Lip) nanoparticles with transferrin (Tf) as the ligand and encapsulated
Gd-based MRI contrast agent (CA) inside as payload (months 3-9) (completed).

C. Characterize the physicochemical properties of nanoparticles, including size distribution,
surface charge, encapsulation efficiency, and Tf linkage on the surface. Some of the
measurements will be done at NCL, NCI-Frederick (months 6-12) (in progress).

d. Study targeting efficiency of the liposome nanoparticle using MDA-MB-231 cells. Study the
interactions of nanoparticles with breast cancer cells (months 13-24) (completed).

e. Study the correlation of the dynamic contrast enhancement (DCE) pattern with the
distribution of Tf-liposome nanoparticles in tumor xenografts. Both MR and optical imaging
will be used (30 mice) (months 25-36) (in progress).

f. Evaluate the potential clinical applications of the DCE pattern, focusing on the relationship
between the DCE pattern and the tumor features of TfR expression level, permeability of
neovasculatures, vascular density, tumor growth and necrosis (months 25-40) (in progress).

g. Data analysis and preparation of manuscripts for publication (months 40-48) (in progress).

Task 2.  To conduct Research Project 2 “Develop multifunctional nanoparticles for breast cancer
diagnosis and treatment — using anti-VEGFR-2 immunotoxin as dual purpose ligand and
chemotherapeutics as encapsulated payload” (months 1-48).

a. Purchase supplies and prepare for the study (months 1-2) (completed).
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Task 3.

Define the efficacy of the anti-murine anti-VEGFR-2 immunotoxin in endothelial cell killing
and vascular permeability increase in animal models (months 3-18) (completed).

Construct and characterize the targeted anti-VEGFR-2 immunotoxin multifunctional
nanoparticles. Some of the work will be done at NCL (months 13-18) (completed).
Determine the biodistribution, pharmacokinetics and toxicity of the nanoparticles in healthy
mice (8) and mice bearing with tumor xenografts (22). Optical imaging will be used.
Measurements of biodistribution will be done at NCL and HNF (months 19-40) (completed).
Define the synergistic effects of the targeted delivery, anti-angiogenics and
chemotherapeutics in breast cancer animal models. Histological staining will be used to study
the tumor vasculature (months 25-40) (in progress).

Data analysis and preparation of manuscripts for publication (months 40-48) (in progress).

Research concept development and submission of competitive grants in breast cancer
targeted imaging and therapy (months 37-48) (in progress).

Broad Training Component

Task 4.

Task 6.

oo oo

Provide opportunities to the faculty trainees in Howard University to update knowledge of
nanomedicine (months 1-48) (in progress for all tasks).

Biweekly group meetings at the Molecular Imaging Lab (months 1-48)

Monthly Seminar series at Howard University Cancer Center to be presented by the mentors
and invited speakers (months 1-48).

Johns Hopkins University ICMIC Seminar Series organized by Dr. Bhujwalla (months

1-48).

To attend the biweekly Nanobiology Program Seminar Series at NCI-Frederick organized by
Dr. Blumenthal (months 1-48).

Annual scientific meetings with mentors and trainees.

Train Howard faculty in advanced nanomedicine lab techniques (in progress for all tasks).

Laboratory internships at the Johns Hopkins University and NCL, topics include molecular
imaging and nano characterization techniques, 2-4 days each (months 1-36).

Workshop series. Topics include MR and optical imaging, SEM/TEM/AFM, optical
instrumentation, drug design and liposome (months 1-48).

Administrative and communication affairs (coordinated by Drs. Wang and Bhujwalla)
(Months 1-48) (in progress for all tasks).

Status reports (quarterly and annual reports)

Research progress review (quarterly)

Administrative meetings (biannually meetings)

Coordination of seminars, workshops, and laboratory internships
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11l. KEY RESEARCH ACCOMPLISHEMENTS

e Constructed liposomes ranging in size from 50 to 170 nm using thin film hydration with
polycarbonate membrane filters. The liposome size relative standard deviation was 20-30%.

e Implemented a new NMR method that utilizes a distinguished compartmental model to
measure chemical exchange kinetics in a complex in vivo solid tumor environment.

e Generated a humanized bivalent scFv-derived, DT390-based recombinant immunotoxin, DT390-
BiscFv806, capitalizing the unique specificity of antibody mAb806 against EGFR and EGFRuvlII
overexpressed in cancer but not the EGFR in normal tissue.

e Demonstrated that our novel recombinant immunotoxin DT390-BiscFv806 exhibited high
cytotoxicity and anti-tumor efficacy against the cancer cells either with EGFR expression alone
or with EGFR and EGFRVvIII co-expression, indicating that DT390-BiscFv806 is highly promising for
treatment of cancers arising from the brain, head and neck, lung, breast, and prostate.

e Construct three formats of 591 antibody fragments: single-chain variable fragment (scFv),
bivalent tandem scFv (biscFv), and bivalent scFv diabody (scfbDb) in fold-back structure for
cancer imaging.

e Demonstrated that the fold-back structure of scfbDb has an increased efficiency of target
binding and toxin delivery to target cells, compared with other formats.

e Designed a simple and highly sensitive sensing nanosystem for the detection of Hg2+ and Cu2+
based on fluorescence quenching of ultrasmall DNA-Ag NCs.

e Constructed small gold nanoparticles to study size-dependent penetration ability and the
potential applications of for intranucleus delivery.

e Found that gold nanoparticles smaller than 10 nm can enter the nucleus, whereas larger ones
(10 - 16 nm) can only be found in the cytoplasm.

e Reviewed the evolution of immunotoxin development, the challenges of immunotoxin therapy
for human solid tumors, and the potential strategies to overcome these challenges in literature.

e Reviewed literature pertaining to the development, characterization and applications of
nanoparticles in cancer imaging and therapy.

e Reviewed literature pertaining to mechanisms of membrane trafficking in drug-resistant cancer
cells and the development of nanoparticles as drug delivery platforms to overcome drug
resistance. Published a review article.
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IV. REPORTABLE OUTCOMES
Publications

1. Xue X, Hall HD, Zhang Q, Wang PC, Gottesman MM, Liang XJ. Nanoscale Drug Delivery Platforms
Overcome Platinum-Based Resistance in Cancer Cells Due to Abnormal Membrane Protein
Trafficking. ACS Nano vol.7 (12)10452-10464, 2013.

2. Shan L, LiuY, Wang PC. Recombinant Immunotoxin Therapy of Solid Tumors: Challenges and
Strategies. J. Basic Clin Med 2(2):1-6, 2013.

3. LinPC, LinS, Wang PC, Sridhar R. Techniques for Physicochemical Characterization of Nanomaterials.
Biotechnol Adv. (4):711-726, 2014.

4. LiSL, Cao WP, Kumar A, Jin SB, Zhao YY, Zhang CQ, Zou GZ, Wang PC, Li F, Liang XJ. Highly Sensitive
Simultaneous Detection of Mercury and Copper lons by Ultrasmall Fluorescent DNA—-Ag
Nanoclusters New J. Chem 38(4):1546-1550, 2014

5. Jin SB, Li SL, Wang CX, Liu J, Yang XL, Wang PC, Zhang X, Liang XJ. Biosafe Nanoscale Pharmaceutical
Adjuvant Materials. J Biomed Nanotechnology (10)1-27, 2014

6. HuoS§S, JinS, Ma X, Xue X, Yang K, Kumar A, Wang PC, Zhang J, Hu Z, Liang XJ. Ultrasmall Gold
Nanoparticles as Carriers for Nucleus-Based Gene Therapy Due to Size-Dependent Nuclear Entry.
ACS Nano 8(6):5852-5862, 2014.

7. Yang KN, Zhang CQ, Wang W, Wang PC, Zhou JP, Liang XJ. pH-Responsive Mesoporous Silica
Nanoparticles Applied in Controlled Drug Delivery Systems for Cancer Treatment. Cancer Biol Med.
11(1):34-43, 2014.

Presentations

1. Wright D, Lin S, Lin PC, Wu CS, Zhang D, Duerinckx A, Wang PC, Lee DL. Measuring Renal
Oxygenation in a Mouse Model of Volume-Dependent Hypertension using BOLD MRI. Radiological
Society of Northern America, Chicago, IL, Dec 1-6, 2013.

2. Wang PC. Molecular Imaging and Nanoparticles as Drug Delivery Vehicles. Industrial Technology
Research Institute, HsiChu, Taiwan, Dec.10. 2013.

3. Wang PC, Magnetic Resonance Imaging: Principles and Instrumentation. Fu Jen University
Department of Electrical Engineering, Taipei, Taiwan, Dec. 11, 2013

4. Wang PC. Introduction of Howard University Molecular Imaging laboratory. Fu Jen University
Medical School, Taipei, Taiwan, Dec 13, 2013.

5. Wang PC. Howard University Imaging Core Facility. The National Academies Committee on Review of
Army Research Laboratory (ARL) Programs Support Historically Black Colleges and Universities and
Minority Institutions (HBCUs/Mls), Washington, DC, Feb 24, 2014.

6. ZhangZ, WangJ, Nie X, Chen C, Wang PC. Near Infrared Laser Mediated Targeted Tumor Thermo-
chemotherapy Using Thermosensitive Polymer Coated Gold Nanoparticles. Howard University
Research Day 2014. Washington DC. April 4, 2014.

7. Shanl, Lin§S, Lin PC, Zhang Z, Liu Y, Wang PC. Engineered Antibody Fragments and Immunotoxin for
Targeted Imaging and Therapy of Prostate Cancer. Howard University Research Day 2014.
Washington DC. April 4, 2014.

8. LinS, Shan L, Lin PC, Zhang Z, Gu X, Wang PC. Construction of Transferrin Receptor—targeted Multi-
modality Agents for Cancer Imaging. Howard University Research Day 2014. Washington DC. April 4,
2014.

9. Wang PC. Howard University Biomedical Core Facility. Howard University Research Day 2014.
Washington DC. April 4, 2014
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10. Zhang Z, Wang J, Nie X, Chen C, Wang PC. Near Infrared Laser Mediated Targeted Tumor Thermo-
chemotherapy Using Thermosensitive Polymer Coated Gold Nanoparticles. Howard University
Radiology Imaging Symposium. Washington DC. May 6, 2014.

11. Shan L, Lin S, Lin PC, Zhang Z, Liu Y, Wang PC. Engineered Antibody Fragments and Immunotoxin for
Targeted Imaging and Therapy of Prostate Cancer. Howard University Radiology Imaging
Symposium. Washington DC. May 6, 2014.

12. Lin S, Shan L, Lin PC, Zhang Z, Gu X, Wang PC. Construction of Transferrin Receptor—targeted Multi-
modality Agents for Cancer Imaging. Howard University Radiology Imaging Symposium. Washington
DC. May 6, 2014.

13. Wang PC. Molecular Imaging Laboratory. Howard University Radiology Imaging Symposium.
Washington DC. May 6, 2014.

Grants

1. NIH/NCRR/RCMI/2 G12RR003048 03/01/14-05/31/19
Biomedical Infrastructure for Health Disparities Research ~ Southerland (Pl); Wang (co-Pl)
Biomedical Imaging Care Facility (Role: Core Facility Pl) $ 2,009,920

2. NIH/NCRR/RCMI — Administrative Supplement 04/01/14-03/31/15
Biomedical Infrastructure for Health Disparities Research ~ Southerland (Pl); Wang (co-Pl)
Request Support of Moving and Reinstallation Charges for a 7 T MRI Machine $ 193,826

3. NIH/NIBIB Mentored Clinical Scientist Development Award (K08)
Prussian blue nanoconstructs for imaging and therapy of aggressive pediatric brain tumors
Rohan Fernandas (Children’s Nat Med Centr, PI) Paul Wang (mentor) (10/01/13 submitted, not
funded)
4. DoD University Research Instrumentation Program (DURIP)
Enhancement of STEM research and training through multiphoton confocal imaging
Eva Polston (Pl, Howard/Physiology and Biophysics); Wang (co-PI) (10/20/13 submitted, not funded)
5. NSF
pH-Sensitive Nanoparticulate MRI Agent with Enhanced Contrast and Reduced Side Effects
Tongxin Wang (PI, Howard/School of Engineering), Paul Wang (co-Pl) (10/21/13 submitted; not
funded)
6. NIH
Novel Nanotechnology Platform for Breast Cancer Treatment
Emmanuel Akala (PI, Howard/Pharmaceutical Science). Paul Wang (co-Pl) (1/14/14 submitted; not
funded)
7. NIH
Engineered Antibody Fragments for PSMA-targeted Imaging and Therapy
Liang Shan (Pl, Howard/Radiology), Paul Wang (co-Pl) (02/15/14 submitted; not funded)
8. NIH
Howard University Blueprint Program for Enhancing Neuroscience Diversity through Undergraduate
Research Education Experiences (HU BP-ENDURE)
Evaristus Nwulia (Howard/Psychiatry, Pl), Paul Wang (co-Pl) (05/23/14 submitted, not funded)
9. NSF
pH-Sensitive Nanoparticulate MRI Agent with Enhanced Contrast and Reduced Side Effects
Tongxin Wang (PI, Howard/ Engineering), Paul Wang (co-Pl) (10/21/13 submitted; not funded)
10. DoD W81XWH-14-L
A humanized bivalent fold-back recombinant immunotoxin for prostate cancer therapy
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Liang Shan (Pl, Howard/Radiology), (09/15/21014 submitted, pending)

Degrees

1. Belinda Hauser (Nanomedicine Core predoctoral trainee) received a Ph.D. degree in Genetics. Thesis
title: Epidermal Growth Factor Receptor (EGFR) Associated Head and Neck Squamous Cell
Carcinoma (HNSCC) Tumorigenesis.

2. Whitney Barfield (Nanomedicine Core predoctoral trainee) received a Ph.D. degree in Microbiology.
Thesis title: Osteopontin Genotype as a Determinant of Skeletal Muscle Remodeling — In vivo and in
vitro studies show complex transcriptional regulation influencing muscle inflammation.

V. CONCLUSIONS

This year, we have made liposomes ranging in size from 50 to 170 nm using a thin film hydration
combined with membrane filter method. The relative standard deviation of liposome size was in the 20-
30% range. In the coming year, we will use a microfluidic channel device to improve the liposome size
distribution. A narrow size distribution will be critical for studying the size dependence of targeted
liposome uptake in solid tumors. For studying pharmacokinetics and targeting efficiency of liposome in
solid tumor using DCE imaging data, we have implemented a distinguished compartmental model to
measure ligand-target chemical exchange kinetics in a complex in vivo environment.

By capitalizing on the unique specificity of antibody mAb806 against EGFR and EGFRvIII
overexpressed in cancer but not the EGFR in normal tissue, and by further taking the mAb806
humanization-derived benefits, we generated a humanized bivalent scFv-derived, DT390-based
recombinant immunotoxin, DT390-BiscFv806. This novel RIT exhibited high cytotoxicity and anti-tumor
efficacy against the cancer cells either with EGFR expression alone or with EGFR and EGFRvIII co-
expression. The results indicate that DT390-BiscFv806 is highly promising for treatment of cancers
arising from the brain, head and neck, lung, breast, prostate, and others. To develop a PSMA-targeted
platform of engineered antibody fragments for cancer imaging, we constructed three formats of
antibody fragments including single-chain variable fragment (scFv), bivalent tandem scFv (biscFv), and
bivalent scFv diabody (scfbDb) in fold-back structure, leveraging the high specificity of 1591 antibody
against the extracellular domain of PSMA. Initial studies showed that the fold-back structure of scfbDb
resulted in an increased efficiency of target binding and toxin delivery to target cells, compared with
other formats. The favorable properties of the fold-back diabody in pharmacology make it attractive as a
springboard to develop imaging agents for cancer and cancer angiogenesis imaging.

We have designed a simple and highly sensitive sensing nanosystem for the detection of Hg2+
and Cu2+ based on fluorescence quenching of ultrasmall DNA-Ag NCs. We have constructed small gold
nanoparticles to study size-dependent penetration ability and the potential applications of for
intranucleus delivery. We found gold nanoparticles smaller than 10 nm can enter the nucleus, whereas
larger ones (10 - 16 nm) can only be found in the cytoplasm. We have reviewed literature and written an
article on the development, characterization and applications of nanoparticles in cancer imaging and
therapy. We have also written a review on the challenges of immunotoxin therapy for human solid
tumors, and the potential strategies to overcome these challenges (Appendix 2).

For the broad training component, faculty members, and graduate and undergraduate students
from different departments at Howard University have been trained in the use of nanoparticles as
targeted drug delivery vehicles for cancer diagnosis and therapy. A total of 25 seminars and webinars,
workshops and symposia in cancer, molecular imaging and nanomedicine have been offered in addition
to the biweekly group meetings. The Imaging Core also has offered a series of NMR/MRI Lectures and
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hands-on training for the trainees. Training activities were coordinated by partnership leaders from
Howard and John Hopkins Universities to help participants gain useful interdisciplinary knowledge and
skills to conduct breast cancer research using nanotechnology. There are 11 faculty members from 7
departments and 11 scientists from the other institutions, including Children’s National Medical Center,
Johns Hopkins, Fu Jen University, and Angimmune, who use the core facility to conduct these research
projects. There is 1 undergraduate student, 9 graduate students and 6 postdoctoral fellows working with
principle investigators on various research projects. Two graduate students graduated this year and
received PhD degrees. We have recruited a new chemist postdoc trainee to work on perfecting liposome
fabrication and liposome-ligand conjugation processes. This year, we added one new project that uses
liposome as drug delivery vehicle for head and neck cancer.

The faculty trainees and postdocs of the program have submitted grants to NIH, COMRP, and
NSF together with the partnership leaders. We have received a new five years NIH/RCMI grant to
support the University Imaging Core. We also have received a NIH Supplement grant for installing a new
7T MRI machine. The university has designated a lab space in a new Interdisciplinary Research Building
for nanomedicine research. The university has budgeted fund to purchase a PET/SPECT/CT machine to
support small animal imaging research. These new lab space and facilities will further enhance
nanomedicine and breast cancer research capability at Howard University.

This is the 4th year of the grant. There are a few tasks that remain to be completed. We have
yet to construct liposomes with a sufficiently narrow size distribution to properly study size dependence
of targeted liposome uptake in solid tumors. The relative large size distribution currently generated
leads to poor DCE data quality, which masks subtle differences in MR image enhancement patterns
resulting from liposome size difference. We would also like to complete testing of a new NMR method
to study ligand binding process in vivo. The results from this NMR method will improve the
pharmacokinetic modeling analysis of DCE data. In order to finish these incomplete tasks, we have
submitted a one year extension from U.S. Army Medical Research Acquisition Activity. The request for
extension has been granted. During this extension, we will continue to refine our liposome fabrication
method to achieve a more narrow size distribution to improve the results from the DCE study in solid
tumor model. We will implement the NMR T2 relaxation rate measurement to improve pharmacokinetic
modeling to analyze the DCE image data. We will continue to support faculty and to train graduate
students working on this research project.
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Southerland, William, M

Principal Investigator/Program Director (Last, First, Middle):

BIOGRAPHICAL SKETCH

Provide the following information for the Senior/key personnel and other significant contributors in the order listed on Form Page 2.
Follow this format for each person. DO NOT EXCEED FOUR PAGES.

NAME POSITION TITLE
Zhenjiang Zhang Research Associate

eRA COMMONS USER NAME (credential, e.g., agency login)

EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, include postdoctoral training and
residency training if applicable.)

INSTITUTION AND LOCATION (ifzigi'zg;e) MM/YY FIELD OF STUDY
Shandong University, Jinan, China B.S. 07/99 Chemistry
University of Arizona, Tucson, AZ Visiting Student 09/09 Bio-macromolecular

NMR

Peking University, Beijing, China Ph.D. 07/11 Chemical Biology
National Center for Nanoscience and Post-doc 09/13 Nanomedicine
Technology, Beijing, China
Howard University, Washington, DC Post-doc now Nanomedicine

Please refer to the application instructions in order to complete sections A, B, C, and D of the Biographical
Sketch.

A. Personal Statement

As a postdoctoral research associate in the Department of Radiology, Howard University, | have the
knowledge, skills and motivation necessary to successfully conduct research based on my broad background
in nanomedicine, NMR/MRI, and organic/medicinal chemistry. At the Molecular Imaging Laboratory, | am
responsible for the preparation and characterization of nanoscale MRI contrast agents such as liposomes
loaded with gadopentetate dimeglumine or superparamagnetic iron oxide nanoparticles (SPION). In addition, |
am also responsible for protein-dye labeling for optical imaging studies.

Before pursuing my Ph.D., | worked as an organic synthesis chemist for pharmaceutical companies and
developed excellent skills in synthesis, purification and characterization of small organic compounds. During
my Ph.D. study at Peking University, Beijing, China, my research is about molecular recognition of G-
quadruplex DNA, a promising cancer-specific molecular target. | designed and successfully achieved two
peptide macrocycles as new G-quadruplex ligands. | also solved a novel intramolecular G-quadruplex structure
using high-field NMR during my visit to the University of Arizona, AZ. As a postdoctoral research associate at
the National Center for Nanoscience and Technology, Beijing, China, | started to explore nanomedicine for
cancer theranostics, and successfully developed two gold nanorods (AuNRs) based nanoplatforms,
mesoporous silica-coated AuNRs and thermo-responsive polymer encapsulated AuNRs. These research
experineces expanded my expertise to include nanoscale fabrication and characterizaion, and how to evaluate
the bioeffects and efficacies of multifunctional nanoconstructs using cancer cell lines and mouse tumor models.
Currently, my research is focused on development of multifunctional magnetoliposomes for cancer
theranostics. Specifically, it includes preparation of liposomes with narrow size distribution, tumor targeting
ligand conjugation, encapsulation of MRI contrast and therapeutic agents, and efficacies evaluation for tumor
targeting and MRI-guided tumor therapy.

B. Positions and Honors

Positions and Employment
2004-2005 Organic Synthesis Chemist, Beijing Orlytech Technology Limited Co./Pharmaron Beijing Limited
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Program Director/Principal Investigator (Last, First, Middle): Southerland, William, M

Co., Beijing, China

2011-2013 Res. Associate, National Center for Nanoscience and Technology, Beijing, China

2013- Res. Associate, Department of Radiology, College of Medicine, Howard University, DC

Honors

2012 Kuancheng Wang Postdoctoral Fellowship (Chinese Academy of Sciences, Beijing, China)

2008 Scholarship for Chinese Ph.D. Students to Study Overseas (China Scholarship Council, Beijing, China)
1999 Excellent Undergraduate Thesis of Shandong University (Shandong University, Jinan, China)
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Zhang, Z., Wang, J., Chen, C., “Gold nanorods based platforms for light-mediated theranostics”,
Theranostics 2013, 3(3), 223-38.
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gold nanorods as a light-mediated multifunctional theranostic platform for cancer treatment”, Adv Mater.
2012, 24(11), 1418-23.

Zhang, Z., He, X., Yuan, G., “Formation and recognition of G-quadruplex relevant for pilinantigenic
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Zhang, Z., Yuan, G., “A convenient method for synthesis of tetraoxazole peptide macrocycles”, ARKIVOC
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promoter of human c-myc oncogene by a pyrene derivative”, Int J Biol Macromol. 2011, 49(5), 1173-6.

Zhang, Z., Dai, J., Veliath, E., Jones, R. A., Yang, D., “Structure of a two-G-tetrad intramolecular G-
quadruplex formed by a variant human telomeric sequence in K+ solution: insights into the interconversion
of human telomeric G-quadruplex structures”, Nucleic Acids Res. 2010, 38(3), 1009-21.

He, X., Zhang, Z., Zhang, Q., Yuan, G., “Selective recognition of G-quadruplex in vascular endothelial
growth factor gene with small molecule natural products by ESI mass spectrometry and CD spectroscopy”,
Can J Chem. 2012, 90(1), 55-9.

Sidell, N., Mathad, R. I, Shu, F., Zhang, Z., Kallen, C. B., Yang, D., “Intercalation of XR5944 with the
estrogen response element is modulated by the tri-nucleotide spacer sequence between half-sites”, J
Steroid Biochem Mol Biol. 2011, 124(3-5), 121-7.
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Appendix 3 Research Projects Supported by the Nanomedicine Core

10.

11.

12.

13.

14.

15.
16.

Physicochemical Characteristics of Nanoparticles as MR Contrast Agent Delivery System with the
Dynamic Contrast Enhancement Pattern for Clinical Applications (Wang PC, Ping-Chang
Lin/Radiology; Sridhar R/ Radiation Oncology; Bhujwalla Z/Radiology/Johns Hopkins)

Develop multifunctional nanoparticles for breast cancer diagnosis and treatment — using anti-
VEGFR-2 immunotoxin as dual purpose ligand and chemotherapeutics as encapsulated payload
(Shan L/Radiology; Liu YY, Naville D/ NIH and Angimmune LLC).

Relativity simulation vs. 2D HSQC measurements of multiple fluorine compounds mixture (Ping-
Chang Lin/Radiology)

Design of Multifunctional Polymeric Nanoparticles for Breast Cancer Diagnosis and Treatment
(Akala E/Pharmacy)

Use of MRI/MRS to Assess for a Gamma-Glutamylcysteine Mediated in vivo Reduction in
Hypoxic Stress-Induced Oxidative White Matter Injury in Mice (Costello J, Nath D, Jonas
R/Children’s National Medical Center)

Use of MRI in Mouse brain tumor model and drug delivery (Nazarian J/Children’s National
Medical Center)

A Fluorescence Imaging Approach to Visualizing peripherally inserted central catheters (Shekhar,
Raj/Children’s National Medical Center)

SPIOs with modified polymer-pHLIP peptide surface as an effective MRI-contrast agent for
diagnosis of pancreatic tumor (Qibing Zhou/ Huazhong University of Science and Technology,
Shan L/Radiology)

Neural Mechanisms of Age-Related Decline in Olfaction and Associated Cognitive Abilities
(Nwulia E/Psychiatry, Obisesan T/Medicine/Howard, Casella N/Psychiatry/Johns Hopkins)
Efficiency of Brain Delivery of Novel Therapeutics Through the Olfactory Neuroepithelium
(Nwulia E/Psychiatry)

Parallel computing in bioinformatics (Yayin Fan/Biochemistry, Joseph Arul/Fu Jen University)
Renal Oxygenation levels are Decreased in Peroxisome Proliferator Activated Receptor — a
Knockout Mice during Angiotensin Il Hypertension (Darah Wright, Dexter Lee/Physiology,
Biophysics; Ping-Chang Lin, Stephen Lin/Radiology)

Anti-PSMA Diphtheria Immunotoxin for Prostate Cancer Imaging and Therapy (Shan L,
/Radiology; Liu YY/ Angimmune LLC)

Osteopontin Genotype as a Determinant of Muscle Remodeling: A Study of African-American
Young Adult Volunteers (Barfield W, Bond V/ Health and Human Performance, Wang PC,
Williams L/Radiology, Hoffman EP/Children's National Medical Center)

Liposomal Formulation of BTZQ for Head and Neck Cancer (YL Lin/Fu Jen University)

Using Permanent Magnet to Guide Diffusion of Magnetic Nanoparticles in Brain Tissue Samples
(Partam Manalai/Psychiatry and Behavioral Sciences)
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Appendix 4 Personnel Receiving Pay in This Research Effort

e Paul C. Wang, Ph.D (PI)
e Ping-Chang, Lin, Ph.D.
e Liang Shan, Ph.D.

e Zhenjiang Zhang, Ph.D.

31



Appendix 5 Students Who Participated in Nanomedicine Core Supported Research Projects

Postdoctoral Fellows:
- Rohan Fernandes (Children’s National Medical Center)
- Jie Meng (Chinese Academy of Medical Sciences)
- Shimelis Hailu (Chemistry)
- Javad Nazarian (Children’s National Medical Center)
- Shuang Shi (Dentistry)
- Zhenjiang Zhang (Chemistry/Radiology)

Predoctoral M.D./Ph.D./Dental Students:
- Philipe Auguste (Medicine)
- Whitney Barfield (Microbiology, received PhD degree)
- Kenisha Ford (Physics)
- Belinda Hauser (Genetics, received PhD degree)
- Eyob Hulu (Pharmaceutical Sciences)
- Ermias Tilahun (Pharmaceutical Sciences)
- Darah White (Physiology and Biophysics)
- Brian B Wu (Medicine)
- Jie Xia (Pharmaceutical Sciences)

Undergraduate students:
- Taylor Williams (Biology)
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Nanoscale Drug Delivery Platforms
Overcome Platinum-Based Resistance
in Cancer Cells Due to Abnormal
Membrane Protein Trafficking

Xue Xue,™* Matthew D. Hall,® Qiang Zhang,* Paul C. Wang,* Michael M. Gottesman,5* and Xing-Jie Liang™*

TCAS Key Laboratory for Biomedical Effects of Nanomaterials and Nanosafety, National Center for Nanoscience and Technology of China, Beijing 100190,
People's Republic of China, *Department of Pharmaceutics, School of Pharmaceutical Science, Peking University, Beijing 100191, People's Republic of China,
SLaboratory of Cell Biology, Center for Cancer Research, National Cancer Institute, National Institutes of Health, Bethesda, Maryland 20892, United States, and

“Molecular Imaging Laboratory, Department of Radiology, Howard University, Washington DC 20060, United States

ABSTRACT The development of cellular resistance to platinum-based chemotherapies

is often associated with reduced intracellular platinum concentrations. In some models, this

reduction is due to abnormal membrane protein trafficking, resulting in reduced uptake by

transporters at the cell surface. Given the central role of platinum drugs in the clinig, it is
critical to overcome cisplatin resistance by bypassing the plasma membrane barrier to
significantly increase the intracellular cisplatin concentration enough to inhibit the
proliferation of cisplatin-resistant cells. Therefore, rational design of appropriate nanoscale
drug delivery platforms (nDDPs) loaded with cisplatin or ot