ABSTRACT/SUMMARY/SPECIFIC AIM
Percutaneous balloon angioplasty or stenting are used to treat peripheral arterial disease. Unfortunately,
postprocedural patency rates are compromised due to the conundrum of restenosis, which remains one of the
most significant challenges following revascularization. The mechanism behind restenosis is intimal
hyperplasia, the vascular inflammatory response to injury leading to hypertrophic vascular remodeling and
excessive neointima formation through vascular smooth muscle cell (VSMC) migration and proliferation, as
well as extracellular matrix deposition. Statins, the most common drugs used to treat dyslipidemia, also exert
pleiotropic effects, including decreasing vascular inflammation, plaque stabilization, decreasing VSMC
migration and proliferation, as well as reducing intimal hyperplasia. Previously, we developed a micelle
containing statin that reduced intimal hyperplasia in a rat model of arterial injury, but this technology had
limitations that precluded further advancement. To expand upon these proof-of-concept findings and advance
our long-term goal of establishing a localized drug delivery system that maximizes the therapeutic effect of
statins while minimizing systemic side effects, we propose the use of chitosan coated polymeric nanoparticles
(NPs) to deliver statins to areas of vascular injury and reduce intimal hyperplasia. Our collaborator, Dr. Langert
previously demonstrated that poly (lactic-co-glycolic) acid (PLGA) NPs can deliver statins to rat peripheral
nerve microvascular endoneurial endothelial cells. The Langert lab subsequently created simvastatin-loaded
chitosan-PLGA NPs with improved mucoadhesion and cellular uptake secondary to chitosan’s positive charge.
The rationale of the proposed project is, through nanotechnology, we will effectively, and locally, deliver statins
with sustained effect to the site of vascular injury, thereby reducing incidence of intimal hyperplasia and
restenosis. Our central hypothesis is that simvastatin-loaded chitosan-containing PLGA NPs will provide a
more effective mechanism of statin delivery to reduce intimal hyperplasia after carotid balloon injury. This
hypothesis is based on previous work demonstrating that: 1) statins reduce intimal hyperplasia at least in part
by decreasing VSMC migration and proliferation, decreasing vascular inflammation, and increasing endothelial
cell function; 2) locally delivered statins inhibit vascular remodeling more efficiently than systemically delivered;
and 3) controlled, local release from chitosan-PLGA NPs allows therapeutic doses to be achieved in epithelial
cells. We will test our hypothesis with the following specific aims: 1) We will determine the in vitro efficacy and
cellular uptake of statin-loaded chitosan-PLGA NPs in vascular endothelial cells and VSMCs. We will assess
NP drug loading, release and cellular viability. 2) We will assess reduced intimal hyperplasia following
intraluminal statin-loaded chitosan-NPs administration in vivo. We will do this by comparing different modes of
delivery (oral, intraluminal simvastatin-loaded NPs, and combination oral statin and intraluminal simvastatinloaded NPs) in a rat carotid artery injury model. This approach is innovative because a novel nanoparticle to
target the site of injury is being utilized to reduce intimal hyperplasia. The proposed research is significant
because we expect to strengthen the hypothesis that chitosan-PLGA provides a mechanism to administer
statins with enhanced target-specific interaction.

PUBLIC HEALTH RELEVANCE SUMMARY
Peripheral arterial disease (PAD) is the atherosclerotic obstruction of the arteries of the lower extremity that
can lead to walking impairment, gangrene or limb loss. It is estimated that PAD affects > 200 million people
worldwide with prevalence sharply age related, rising > 10% in patients in their 60s and 70s. Further, with our
global population aging, PAD will become increasingly common. PAD is commonly managed through a
minimally invasive approach, which encompasses percutaneous balloon angioplasty or stenting. Unfortunately,
postprocedural patency rates remain compromised due to the prevalence of restenosis, secondary to intimal
hyperplasia. To combat this problem, research has been undertaken to elucidate the pathophysiology behind
the restenotic process. To date, the cornerstone appears to be vascular inflammation. Statins, the most
commonly used cholesterol lowering medications, also have known beneficial pleiotropic effects (cholesterol
independent) including improved patency rates from vascular reconstruction, decreased risk of stroke and
improved survival. While oral statin therapy has been shown to decrease intimal hyperplasia, the effects of
systemic statins are limited. To increase the efficacy of statins and to localize treatment to avoid potential side
effects, drug delivery systems have been in development. We will use an innovative strategy using intraluminal
delivery of simvastatin delivered in nanoparticles to directly target incorporation into vascular cells. These
experiments may lead to the next step in the development of drug delivery through a standard approach that is
effective and would reduce the incidence of restenosis after surgical management of PAD, thereby decreasing
disability related to PAD.

ENVIRONMENT: FACILITIES AND OTHER RESOURCES

Environment – Contribution to Success
The facilities and other resources available include everything necessary to execute the proposed project
successfully. The laboratories have been arranged and equipped with this project in mind. These resources
are complimented by shared laboratory resources and shared equipment in the research wing. We have a
dedicated animal surgical laboratory as well as a dedicated cell culture facility. The research team has 24/7
access to a pathogen-free animal care facility with filter top cages. The intellectual environment has other
extramurally funded investigators pursuing complimentary work. These facilities provide a scientific
environment that strongly supports the proposed project and its success.
Facilities:
Laboratory: The PIs have laboratory research space at the Edward J. Hines Jr. Veterans Affairs Hospital,
Hines, IL and Loyola University of Chicago Health Sciences Campus, Maywood, IL. The laboratory research
space at Loyola University of Chicago will be carried out in the Center for Translational Research and
Education (CTRE), which opened in 2016 on the university’s Health Sciences Campus in Maywood. This fivestory, 227,000 square-foot, gold LEED (Leadership in Energy and Environmental Design) building is a
collaboration among Loyola University Chicago, Loyola University Health System and Trinity Health. The
center accommodates principal investigators, postdoctoral trainees, physicians, nurses, fellows, graduate
students, and students from Loyola University Chicago’s Stritch School of Medicine, the Marcella Niehoff
School of Nursing and the Parkinson School of Health Sciences and Public. The CTRE includes laboratory
and support space for 72 principal investigators spanning the fields of basic, translational & clinical
biomedical research, public health, health services, nursing, bioinformatics, and epidemiology. A 250seat auditorium provides a link with the local community, serving as a showcase for research and healthrelated programming. Here, the PI, Dr. Gahtan, has dedicated laboratory and office spaces with bench space,
and a dedicated cell culture facility located on the 3rd floor. Our dedicated microscopy room is on the 4th floor.
Equipment in the laboratory space includes: Quantstudio 3 Real Time PCR Machine, thermocycler, -80
freezer, refrigerator/-20 freezer, UV plate reader, fluorescent plate reader, plate washer, biological safety
cabinet, two cell culture incubators, countess cell viability and fluorescent reader, qubit RNA/DNA/Protein
measurement system, cell culture centrifuge and microplate roto, microcentrifuge, microscope, microscope
camera, autoclave, pipettors, and surgical instruments.
At the Edward J. Hines Jr. Veterans Affairs Hospital, the PI Dr. Gahtan and our collaborator Dr. Langert
each have dedicated space. Dr. Gahtan has a dedicated animal surgery lab that encompasses a surgical room
and room for a perfusion pump (540 sq ft). The dedicated surgical room contains an anesthesia machine,
surgical board, surgical instruments, biological safety cabinet, refrigerator/-20 freezer, and one cell culture
incubator located in Building 1, 4th floor. The room with the perfusion pump contains a biological safety cabinet,
anesthesia machine, surgical board, and surgical instruments, located in Building 1, 3rd floor. Our collaborator,
Dr. Langert, has a dedicated laboratory space (250 sq ft). Dr. Langert’s laboratory space is equipped with both
wet and dry work areas and includes available high-speed centrifuges, probe and bath sonicators, Malvern
Zetasizer ZS Nano, lyophilizer, Agilent Reversed-Phase HPLC with C18 column and UV detection. Equipment for
q-RT-PCR, including three Bio-Rad RT-PCR machines, are located in departmental space. These laboratory
spaces have been specifically equipped to support the continuation of our research for which the next step is
the proposed project.
Animal: Pathogen free rats (Sprague-Dawley) will be purchased from Envigo (Indianapolis, IN). These
animals will be housed in the VA Medical Center’s AAALAC-accredited Veterinary Medical Unit which is on a
dedicated floor in the wing which houses the PI’s dedicated animal surgery lab. Filter cages will be located in a
room dedicated to the PI’s animals. This facility is overseen by a board certified laboratory animal veterinarian.
Further, all animal technicians are rigorously trained.
Clinical: Not applicable.

Computational Resources: The CTRE contains a primary physical computing facility that is 2,200 sq ft
with more than 180 physical and 60 virtual servers that provide more than 2.5 petabytes of on-site storage for
more than 1,400 desktop computers. Each principal investigator is provided with a secured, centralized file
server storage to support approved research projects. A backup disaster recovery and business continuity
facility is provided in a second diverse computing center localized in the CTRE building. Furthermore, the
CTRE provides a High-Performance Computing Cluster which features 65 Dell server compute nodes with 528
Intel processing cores and 1PD of storage configured with redundant data volumes shared as a GPFS
clustered file system. Telecommunication equipment is also available to everyone in the CTRE. The availability
of these information technologies and the IT support of Loyola University of Chicago contributes to the
potential for success assuring efficient communication among the research team members and optimal data
handling.
Office: Dr. Gahtan’s lab members have a dedicated office space located on the 3rd floor of the CTRE with
Dr. Maier’s being adjacent to the laboratories. The work space is comprised of cubicles with dedicated desks
and task chairs, hardwired high-speed internet access, connection to Loyola University’s network, telephone
access, and a filing cabinet. Administrative support, printers, copy machines and scanners are available as
well. Additionally, the laboratory space within the CTRE contains work spaces and computers for all lab
personal. Dr. Langert’s lab has a dedicated office space at the Edward J. Hines Jr. Veterans Affairs Hospital
(100 sq feet). This space has a dedicated work station with computers that have high-speed internet access.
These facilities allow the PI and their immediate research team to have the environment to formulate
experiments, analyze results and prepare manuscripts and presentations.
Core facilities: The LUC Health Science Division makes available to all faculty, the following Core
research facilities:
Histology: The Histology laboratory provides tissue processing and embedding, staining, technical
assistance or training for histological preparation, cryostat usage or sectioning, paraffin sectioning, and
immunohistochemistry. This laboratory is located in the main hospital, Loyola University Medical Center.
Flow Cytometry: FACS Core Facility, a multidisciplinary resource occupying a 500 square foot
laboratory in the Cardinal Bernardin Cancer Center. The Facility contains four pieces of equipment which
are collaboratively operated by the investigator and two full-time technical support members, including a
FACSAria, a FACS Canto II, an LSRFortessa and an Amnis ImageStreamX Mark II. The FACSAria IIIu
is equipped with 5 lasers – 405, 488, 561, 633, and near UV and is capable of detecting 15 simultaneous
fluorochromes; the FACSCanto II bench-top flow cytometer equipped with 3 lasers – 405, 488, and 633
and is 8 color capable; and an LSRFortessa flow cytometer equipped with 4 lasers – 405,488, 561, and
633 and is 15 color capable. The Amnis ImageStreamX Mark II is equipped with 3 lasers – 405, 488, and
633 and is 6 color capable.

RESEARCH BUDGET
Sprague Dawley Rats with housing:
75 Rats: $ 5866
Housing: 4 weeks per animal at $1.60 daily: $ 120
Drugs:
Oral Simvastatin 10mg/kg/day: $40/g; total $200
Chocolate Rat Treats (for loading oral statin): $ 510
Nanoparticle supplies, optimization, preparation, and characterization: $5,000
Surgical supplies:
Balloon catheters, suture, antiseptic, analgesia, anesthesia: $3,346
Perfusion Pump (Formalin, PBS): $670
Lab supplies:
Cells, media, primers, supplies: $3,870
Flow cytometry reagents (antibodies, consumables, time on instruments in facility): $2000
Tissue Processing:
Slides: $2,750
Staining: $668
Total: $ 25,000

RESEARCH PLAN (SIGNIFICANCE, INNOVATION, AND RESEARCH STRATEGY)
Restenosis secondary to intimal hyperplasia (IH) after surgical intervention for peripheral arterial
disease (PAD) remains a significant challenge [1-3]. To help mitigate this problem, research has been done to
understand the pathophysiology of this disease so that we may improve the patency rates of PAD treatment.
IH appears to be secondary to a variety of injuries that involve some endothelial damage [4]. In regards to
percutaneous angioplasty or stenting for peripheral arterial disease (PAD), IH is triggered by the shear stress
during balloon inflation or stent implantation [3, 5]. The endothelial damage that ensues, then stimulates the
production of proinflammatory molecules and activation of circulatory monocytes that bind and penetrate the
vascular wall, perpetuating a local inflammatory response. With endothelial damage, there is also a reduction
of vascular smooth muscle cell (VSMC) inhibitory factors, such as heparan sulphate, nitric oxide and natriuretic
peptides. Simultaneously, there is production of plasminogen activators that contribute to the degradation of
the extracellular matrix (ECM) and activation of metalloproteases (MMPs) [4]. These factors together stimulate
migration and proliferation of VSMCs from the medial layer of the arterial wall into the intimal or subendothelial
space. Intimal expansion then occurs, secondary to VSMC accumulation and exuberant ECM synthesis
through growth factors, such as TGF-beta and PDGF [6].
Statins are competitive inhibitors of HMG CoA reductase, blocking the rate-limiting step in cholesterol
biosynthesis [7]. Besides reducing cholesterol levels, inhibition of the mevalonate pathway also prevents the
synthesis of other important isoprenoid intermediates, giving statins their beneficial pleiotropic effect, including
reducing IH[8-10]. For example, by inhibiting the production of
isoprenoids that are essential for post-translational modification and
normal functioning of small G proteins, Ras and Rho, statins are
implicated in reducing VSMC migration and proliferation (Figure 1) [11].
For example, by statins limiting the availability of isoprenoid
metabolites, a compensatory increase occurs in constitutive RhoA and
RhoB mRNA expression [12]. Furthermore, statins have been shown to
inhibit expression of MMPs and tissue factor by cholesterol-dependent
and independent mechanisms [13, 14], thereby stabilizing plaque. In
addition, statins have also been implicated in reducing vascular and
systemic inflammation given their ability to lower high-sensitivity Creactive protein [15]. Because of these effects, statins appear
Figure 1. Mevalonate/Cholesterol Synthesis Pathway
to hinder multiple pathways critical to intimal hyperplasia. In
vivo, the systemic statin effect on reducing IH has been
demonstrated in a mouse carotid ligation model, which documents reduced intimal thickness in mice treated
with oral fluvastatin [16]. Since then, research has focused on improving in vivo drug delivery through
nanoparticles. Most recently, we showed simvastatin-loaded micelles have been shown to attenuate IH after
arterial injury in a rat model [17]. The significance of the proposed research is that by administering statins via
a drug delivery carrier, we can maximize the therapeutic effect of statins while minimizing systemic toxicity.
Here, we propose using an innovative chitosan-encapsulated poly lactic-co-glycolic acid (PLGA)
nanoparticles (NPs) to deliver statin to the area of vascular injury. PLGA NPs are a family of FDA-approved
biodegradable polymers that are physically strong and highly biocompatible [18]. Additionally, this technology
allows us to customize the overall physical properties of the polymer-drug matrix to achieve a desired dosage
and drug release interval [12, 18-20]. For example, previous studies have used statin loaded PLGA NPs to
successfully administer local statin to a site of critical limb ischemia and demonstrated increased angiogenesis
and arteriogenesis in comparison to systemic statin, in vivo [21, 22]. These studies, however, injected statin
loaded PLGA into the intramuscular tissue by the site of injury. Here, we propose delivering chitosanencapsulated PLGA NPs loaded with statin to the luminal side of the artery. Chitosan, a biodegradable inert
polymer, imparts a positive surface charge to a particular delivery system, facilitating interactions with
negatively charged cells and thereby increasing a drug’s bioavailability [20]. Because endothelial cells have a
negative electrostatic charge, we believe chitosan-encapsulated PLGA NPs loaded with statin will provide the
optimal mechanism of delivering therapeutic doses that reduce IH while mitigating systemic adverse effects.
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simvastatin and it’s effect on IH using the same rat carotid
balloon injury model, as above. By measuring intimal to medial
ratios, micelle treatment reduced IH by 58%, whereas
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oral simvastatin reduced the IH by 32% (Figure 3, [17]).
Local micelle statin therapy is more effective against IH
than systemic therapy.
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3. Chitosan-PLGA NPs can be successfully loaded with
simvastatin:
In a previous study by the Langert Lab, simvastatin was
loaded into PLGA NPs with and without chitosan surface
functionalization [20]. Four size groups were prepared
and encapsulation efficiencies (EE) were measured, as
well as drug release. While the inclusion of chitosan
resulted in lower EE, release of drug was not
Figure 3. Intraluminal Simvastatin Reduced IH
significantly different in the burst or delay release kinetics
(96.97 +/ 0.87% with chitosan, 93.87% +/ 1.76% without
chitosan by hour 96) (Figure 4). Inclusion of chitosan also promoted significantly increased adhesion to human
mucosal epithelial cells as compared to negatively charged counterparts beginning at 30 minutes of exposure
(Figure 5). Chitosan-PLGA NPs can be successfully loaded with simvastatin and exhibit increased cellular
adhesion.

Figure 4. Simvastatin Encapsulation and Release

Figure 5. Adhesion of eight unique nanoformulations to mucosal epithelial cells
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EXPERIMENTAL DESIGN:
Specific Aim 1: In vitro assessment of statin-loaded chitosan-PLGA NPs on vascular cells
Hypothesis: HMG-CoA reductase inhibitors, statins, loaded in chitosan-functionalized PLGA NPs will be nontoxic and readily taken up by endothelial cells and VSMCs, in vitro.
Polymeric NPs can sustain drug release over time, guaranteeing drug accumulation and distribution to
a targeted tissue, thus maximizing the therapeutic effect of the drug while minimizing systemic adverse effects
[12, 18, 19, 21]. Because of this, PLGA NPs have been chosen as a drug delivery mechanism, utilized in a
variety of fields such as cancer research and cardiovascular disease. Here, we will be using chitosanfunctionalized PLGA NPs to deliver simvastatin to an area of carotid injury to reduce IH. Chitosan and PLGA
are biodegradable, biocompatible and non-toxic. PLGA efficiently encapsulates hydrophobic compounds for
controlled and sustained release. Chitosan, a naturally occurring biopolymer derived from crustacean shells,
imparts a positive surface charge to PLGA NPs, facilitating interactions with negatively-charged cells [20]. Our
collaborator, Dr. Kelly Langert, has established protocols for synthesis of simvastatin-loaded chitosan-PLGA
NPs. In their previous study, they developed four unique size groups that demonstrated size and surfacedependent differences in drug loading and mucoadhesion. Across the size groups, chitosan effectively
increased cellular adhesion and uptake compared to PLGA alone. Furthermore, each NPs demonstrated nearcomplete drug release of 97% by hour 96. To our knowledge, no studies have used chitosan-PLGA NPs to
deliver statins to target reducing IH.
The objective of Specific Aim 1 is to assess the effects of simvastatin-loaded chitosan-PLGA NPs, free
simvastatin, and empty NPs (sham NPs) on endothelial cells and VSMCs in vitro. We will: 1) characterize NP
formulations, including drug loading and in vitro release; 2) determine cellular viability after drug treatment or
NP exposure, and 3) quantify uptake by endothelial cells and VSMCs. Our collaborator, Dr. Langert, will
formulate chitosan-PLGA NP at a size that is safe intravascularly and with the maximal dose of simvastatin for
that given size. Given previous experience, a size of 215nm will be most suitable for our study. We will
quantitatively assess uptake by endothelial cells and VSMCs using available flow cytometry. We will also
ensure cellular viability for maximal simvastatin dose is >92%.
Anticipated Findings and Alternatives: We hypothesize that simvastatin-loaded chitosan-PLGA NPs will be
readily taken up by endothelial cells and VSMCs secondary to chitosan’s positive charge. We have chosen
simvastatin as our statin of choice as this is a drug previously used by our lab, and one that has been loaded
into chitosan-PLGA NPs by the Langert Lab. For our NPs, we will use the maximal dose of simvastatin for NP
size, however, other concentrations and NP sizes may need to be formulated if the concentration affects
cellular viability or if there is no cellular uptake. The Langert Lab has created multiple NP sizes with differing
doses of simvastatin, so we do not anticipate difficulty changing concentration or size. Furthermore, checking
the cells for viability will be done to ensure physiologic effect is not compounded by toxic effects on cells.
Specific Aim 2: Determine the efficacy of simvastatin-loaded chitosan-PLGA therapy on intimal
hyperplasia in a carotid artery balloon injury model
Hypothesis: Simvastatin-loaded chitosan-PLGA NPs will effectively reduce intimal hyperplasia, in vivo.
Statins are established to have beneficial pleiotropic effects and reduce IH in animal models. The
overall systemic effects of statins however leave undesirable outcomes (mainly myopathy, liver damage,
digestive system problems or low blood platelet count) [7,20]. To date, there have been studies utilizing statins
loaded in PLGA NPs to reduce the systemic side effects of statins while improving their therapeutic efficacy in
novel applications [20]. For example, in a critical limb ischemia model, statin-loaded PLGA NPs showed
significantly increased blood flow recovery on days 7 and 14 after induction of hindlimb ischemia in rabbits,
secondary to statins ability to increase angiogenesis and arteriogenesis [22]. We previously demonstrated that
simvastatin-loaded micelles effectively attenuated IH in a rat carotid injury model [17]. Here, we propose that
simvastatin-loaded chitosan-PLGA NPs will more effectively attenuate IH secondary to the delivery
mechanism. We believe the chitosan-PLGA NPs will effectively adhere to the endothelial cells given the
negative electrostatic charge on the cell surface [24], thereby increasing drug delivery and maximizing
localized effect.

The objective of Specific Aim 2 is to assess the effects of oral statins, intraluminal statin-NPs,
intraluminal statin-NPs plus oral statin, intraluminal sham-NPs or no statin on IH in a rat model of carotid artery
injury. We have chosen the Sprague Dawley rats as our animal model because they have been used in
previously published studies on effects of statins by methods of oral, intramuscular and intraluminal
administration [16, 17, 21]. We have chosen the carotid artery injury model as it is commonly used in rats, and
the procedure is easily completed under inhaled anesthetics, with recovery within minutes. Therefore, we
believe this animal model is an appropriate platform to study the effect of our treatment on IH.
Animals will undergo unilateral common carotid injury using a 2F Fogarty Catheter, as previously
described [17]. Pre-operatively, animals receiving oral statin will receive 7 days of daily treatment, while those
in the other treatment groups will receive rat-chow. Immediately after surgery, animals will receive either oral
statin, intraluminal statin-NPs, combination intraluminal statin-NPs and oral statin or intraluminal sham-NP. The
surgical and treatment groups will be:
Group
Animals
Surgery
Treatment
1
15 ♂
Carotid balloon injury
No drug
2
15 ♂
Carotid balloon injury
Oral statin
3
15 ♂
Carotid balloon injury
Intraluminal Statin-NPs
4
15 ♂
Carotid balloon injury
Intraluminal Statin-NPs + Oral statin
5

15 ♂

Carotid balloon injury

Intraluminal Sham-NPs

Dosing for oral simvastatin will be as previously used, 10mg/kg/day. Dosing of simvastatin in NPs will be
determined in vitro. After 14 days, the animals will be sacrificed and right and left common carotid arteries will
be harvested. To assess IH (10 rats/group), arteries will be preserved in formalin, sectioned, and stained with
Giemsa. Morphometric analysis will be performed using the intimal-medial area ratio defined as intima / (intima
+ media). To evaluate functional activity of locally delivered statins (5 rats/group), RNA will be extracted from
arteries with Trizol reagent. We will assess relative levels of RhoA and RhoB mRNA in carotid arteries using
RT-PCR as we have previously described [13].
Anticipated Findings and Alternatives: We hypothesize that intraluminal statin-loaded chitosan-PLGA NPs
will attenuate IH more effectively than oral statin. We believe this will be secondary to chitosan-PLGA NPs
targeted administration, size and charge, facilitating effective take up by vascular cells. To evaluate the statinNPs localization in vivo, we are evaluating RhoA and RhoB mRNA content. As previously demonstrated by Dr.
Langert, in the presence of active statin there is a compensatory increase in RhoA and RhoB mRNA
expression due to statin-mediated inhibition of the GTPase activation [12]. Therefore, we hypothesize that
RhoA/RhoB mRNA expression will be increased at the site of our carotid injury in our intraluminal statin-NPs
groups given the localizing effect and adherence to endothelial cells/VSMCs. If we find that RhoA/RhoB mRNA
is not increased in vivo, there may be another pathophysiological mechanism causing reduced IH. If we find
that intimal hyperplasia is not reduced as anticipated, we would alter size of NPs for purposes of manipulating
the concentration of drug. We have no concerns with performing surgery for our animal model.
METHODS:
Nanoparticle Development: Chitosan-PLGA NPs will be prepared by oil-in-water single emulsion using probe
sonication, as previously described [21]. NP size will be tuned by adjusting the ratio of the acetonitrile
cosolvent, the concentration of PLGA in the organic solvent, the composition of the aqueous phase, and the
sonication amplitude. Simvastatin or the fluorescent lipophilic tracer DiD will be encapsulated into the NPs by
addition to the organic phase. Identical batches (size, charge) of chitosan-PLGA NPs loaded with simvastatin
and with DiD will be prepared. Simvastatin NPs will be utilized to assess drug loading, release and cell viability,
and DiD-loaded NPs will be used to assess cellular uptake, as described below.
Nanoparticle characterization, drug loading, release: The size, polydispersity (PDI), and zeta potential of
NPs will be assessed using Zetasizer Nano ZS90, as described previously [21]. We will confirm that size and
surface charge properties of simvastatin and of DiD loaded formulations are identical before proceeding. Drug
loading will be quantified with Hitachi Elite LaChrom high-performance liquid chromatography (HPLC).
Simvastatin will be detected spectrophotometrically with a UV detector at 240nm, as previously described [21].

Release of simvastatin will be determined using a slide-a-lyzer MINI dialysis microtubes and quantified with
HPLC. Viability of VSMCs will be checked by trypan blue statin and determined by >92% for all samples used
in each experiment.
Flow Cytometry: Nanoparticle uptake by human aortic endothelial and/or VSMCs will be quantified with flow
cytometry. Cells will be cultured in 6 well plates and DiD-loaded NPs will be added to culture media for a
predetermined interval of time. Cells will be washed with PBS and collected using Nonenzymatic Dissociation
Reagent. Fluorescence, representing NPs that have been taken up by cells, will be quantified with an available
LSRFortessa Flow Cytometer (664 nm excitation wavelength).
Animals: Sprague Dawley rats (12-14 weeks old) will be fed a standard chow diet with free access to water.
Rats will be housed in an AAALAC accredited animal care facility at the Edward Hines Jr, VA. Based on a
power analysis, 12 male animals will be used per group to determine a difference of 30% with significance set
at p<0.05. Three animals will be added per group for unexpected loss.
Medication: Oral simvastatin will be dosed at 10mg/kg/d as previously used [18]. The medication will be
administered by customizing chocolate-flavored treats developed by BioServ, Flemington, New Jersey. These
treats will be given daily 7 days prior to carotid injury and for 14 days post-operatively.
Surgical Procedure: The carotid artery balloon injury will be done as previously described [25]. The animals
will be anesthetized with inhaled isoflurane. A midline incision below the chin of the animal to just the top of the
sternum will be made. We isolate the left common carotid artery proximally and distally. We use a 3-0 silk
suture to tie off the external carotid artery distally. The occipital and superior thyroid arteries are then tied off
using 6-0 prolene suture. We then clamp the internal carotid artery and proximal common carotid artery. A
small arteriotomy is made on the external carotid artery and a 2Fr Fogarty catheter is then inserted and inflated
to ~5 atm for 5 minutes in the common carotid artery. The catheter is deflated and removed. Then, we would
instill our nanoparticles intraluminally. Afterwards, the external carotid artery is tied off below the arteriotomy
site using 3-0 silk. The internal carotid and common carotid arteries are then unclamped and the tissues
closed. Animals will be sacrificed at 14 days. The abdominal aorta will be cannulated and the animal perfusion
fixed. The bilateral carotid arteries will be harvested and fixed in 10% buffered formaldehyde and imbedded
and cut by Loyola Histology Research Core Facility, Maywood, IL. Staining will be done in the lab.
RNA extraction: Unilateral carotid arteries that were injured will be isolated and harvested. RNA will be
extracted from carotid artery with TRIzol reagent, and RT-PCR analysis of RhoA and RhoB mRNA will be
performed as we have previously described. [13]
Intimal Hyperplasia: The harvested common carotid arteries will be sectioned and stained with Giemsa.
Morphometric analysis will be performed using Adobe Photoshop using the intimal-medial area ratio, defined
as intima/ (intima + media).
Statistical Analysis: Data will be analyzed with Students t-test, ANOVA, or Mann Whitney- u test, followed by
Post-Hoc testing. A p value less than 0.05 will be considered significant.
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A. Personal Statement
At the end of my first year of general surgery training, I was determined to pursue the field of vascular
surgery. In that year, I recognized that many vascular surgery patients offer complex vascular problems that
can be managed using various modalities. It is the multi-faceted approach to patient care and the variety of
treatment modalities that drew me to the field. Furthermore, it’s rapidly advancing technology challenges
clinicians to investigate and research different management options. As a physician that has envisioned my
future to include dedicated research in an academic setting, this field aligns with my interest. To become
proficient at clinical and basic science research, I have committed to dedicating two years in a vascular
research laboratory under the tutelage of Dr. Vivian Gahtan at Loyola University of Chicago. In Dr. Gahtan’s
laboratory, I will be researching the effect thrombospondins have on intimal hyperplasia, angiogenesis and
arteriogenesis, as well as the pleiotropic effects of statins on intimal hyperplasia. To help facilitate our
research, I will be receiving support from an excellent Ph.D. mentor that is on site, Dr. Maier, as well as an
experienced laboratory technician. In regards to this specific grant, I am very interested in the incorporation of
biomedical engineering to our basic science research, and believe this study will be a great starting point to
propel my interest in developing drug delivery/technology that can advance vascular surgery treatment options.
Furthermore, I look forward to working with collaborator Dr. Langert, Ph.D, an Assistant Professor in the
Department of Molecular Pharmacology and Neuroscience at Loyola University of Chicago. Her guidance and
assistance will be instrumental to our success in this project.
B. Positions, Scientific Appointments and Honors
Scientific Appointments
July 2022 – July 2024 Research Associate, Burn and Shock Trauma Research Institute T32 Grant
Loyola University of Chicago – Chicago, IL
Co-PI: Mashkoor Choudhry, PhD; Richard Gonzalez, MD
Mentor: Vivian Gahtan

Professional Memberships
Women in Surgery Executive Board, Loyola University Medical Center
Vascular and Endovascular Surgery Society
Midwestern Vascular Surgical Society
Society for Vascular Surgery
Eastern Vascular Society – application submitted
Diversity, Equity and Inclusion Committee, Loyola University Medical Center, Department of Surgery
Program Evaluation Committee (PEC), Loyola University Medical Center, Department of Surgery
Honors
2017 Scholarship for Medical Student Summer Research Program, Boston University School of Medicine
2018 Certificate of Recognition at the 4th Annual Carlos S. Kase Neurology Research Symposium, Boston
University School of Medicine
2019 Gold Humanism Honor Society
2021 Intern of the Year, Loyola University Medical Center
2022 William H. Baker Vascular Surgery Achievement Award, Loyola University Medical Center

C. Contributions to Science
Undergraduate Research
My interest in becoming a surgeon and researcher started during my undergraduate studies at UCLA.
Here, most of my experience came from a cardiovascular lab generating vascular networks from
dedifferentiated adipocytes. In this lab, under the tutelage of Dr. Bostrom, I spent 3 years learning the
fundamental techniques of basic research. This included: cell culture, RNA extraction with RT-PCR analysis,
western blot, fluorescent microscopy, and flow cytometry. During this time, I contributed to our laboratory’s
paper evaluating Matrix G1a protein in pulmonary arteriovenous malformations.
• Bostrom K, Guihard P, Blazquez A, Yao J, Moon J, Penton A, and Yao Y. “Matrix Gla protein limits
pulmonary arteriovenous malformations in ALK1 deficiency.” European Respiratory Journal. 2015;
45(3)849-852.
Graduate Research
After completing my undergraduate studies, I elected to obtain my Master’s of Science to continue my
research experience. During this period, I continued to work with the Bostrom lab and formulated my own
hypothesis which was derived from my exposure to the neurosciences. Rather than research the vascular
networks derived from dedifferentiated brown and white adipose tissue, I elected to determine whether these
cells had propensity for neurogenesis. To do this, I looked at the expression of different neuronal and glial cell
markers and discovered brown adipose-derived multipotent stem cells appear to be a better heterogenous
source of glia and neurons. Not only was I focused on my basic science research, but during my graduate
studies I learned the fundamentals of research and scientific writing, grant proposals and statistical coding
through R studio.
• Penton A, “Brown vs White Adipose Tissue: Brown Adipose Tissue is a Source of Multipotent Stem
Cells with Greater Propensity for Neurogenesis.” University of California, Los Angeles. ProQuest
Dissertations Publishing. 2016
• Blázquez AM, Penton A, Bostrom K, Saparov A and Jumabay M, "Generation of Vascular Networks
from Adipocytes in Vitro." International Journal of Cell Science and Molecular Biology. 2019; 6(2):
555684
In Medical School, my initial interest in the neurosciences led me to continue research with the Boston
University Medical Center, Department of Neurology. This is when I became exposed to databases and
retrospective studies. Here, I received a scholarship in the medical school’s summer research program. I spent
8 weeks between my first and second year going through a large database to stratify individuals with mild,
moderate or severe enlarged perivascular spaces (subclinical small vessel disease) in the basal ganglia and
centrum semiovale. The purpose was to determine whether chronic kidney disease was related to enlarged
perivascular disease and whether there was a racial difference. We found CKD was associated with enlarged
perivascular spaces, with white individuals having a strong association with CKD and severe enlarged

perivascular spaces. From my work, I was able to publish two abstracts, one of which went on to a manuscript
in Stroke. After this work, I continued to assist in other retrospective studies through database collection. In my
final year of medical school, I was able to submit an abstract to SAGES 2020 Conference. This abstract
described a retrospective study at a single institution reviewing the feasibility of laparoscopic treatment of early
complications following laparotomy.
• Penton A, Lau H, Babikian V, Sherman J, Cervantes-Arslanian A, Gangadhara S, Greer D, Aparicio H,
Romero JR. “Chronic Kidney Disease as a Risk Factor for Enlarged Perivascular Spaces, and relation
to Racial Group.” Stroke. 6 Oct 2020.
In residency, I continued to pursue research opportunities. In my first year, I contributed to a manuscript
on a retrospective analysis of variation in hospital costs in diaphragmatic hernia repairs. I also worked on two
case reports, one of which was in colorectal surgery reviewing the incidence of rectal prolapse secondary to
sigmoid adenocarcinoma. This was presented at the 3rd Annual Illinois Surgical Conference. The second, was
in vascular surgery, reviewing the incidence of angioinvasive aspergillosis causing thromboembolism. This
case report will be presented at the 46th Annual Midwestern Vascular Surgical Society. In my second year of
residency, I worked more closely with one of our vascular faculty members, Dr. Matthew Blecha. With Dr.
Blecha, I have been working on multiple clinical outcome projects based on the Vascular Quality Initiative
database. From working with him, I have presented a poster on the effect of smoking status on perioperative
morbidity and mortality after open and endovascular abdominal aortic aneurysm repair at Loyola University
Medical Center’s 13th Annual William H. Baker, MD Lectureship. This manuscript was accepted to the Annals
of Vascular Surgery. I will also be presenting on the impact of physician dependent perioperative variables in
long term survival following endovascular abdominal aortic aneurysm repair at the 46 th Annual Midwestern
Vascular Surgical Society Conference. This manuscript is in submission. Since then, I have committed to
dedicating two years in the laboratory working closely with vascular surgeon and Chair of Loyola Department
of Surgery, Dr. Vivian Gahtan. I made this commitment in order to refine my research skills and better poise
myself for a career improving patient outcomes, in the clinical and basic science realm.
• Kulshrestha S, Penton A, Luchette F, Baker M, Abdelsattar Z, “Variation in Hospital Costs and One
Year Episodes of Care following Diaphragmatic Hernia Repair.” Journal of the American College of
Surgeons. Feburary 2022.
• Peterson L, Schweitzer G, Simone A, Zielke T, DeJong M, Penton A, Blecha M, “The Effect of
Smoking Status on Periopertive Morbidity and Mortality after Open and Endovascular Abdominal Aortic
Aneurysm Repair.” Accepted in Annals of Vascular Surgery. July 2022.
D. Scholastic Performance
MEDICAL EDUCATION
STEP 1:
238
STEP 2 CK: 250
STEP 2 CS: Passed
STEP 3:
221, Passed
GENERAL SURGERY ABSITE PGY-2: 495, 50th Percentile
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A. Personal Statement
I am a clinical vascular surgeon and surgeon scientist who is an expert in the effect of the thrombospondins on
arterial disease. I have been actively involved in basic science as well as translational research. I also have
maintained a research interest in the pleiotropic effects of statins on arterial disease (intimal hyperplasia,
arteriogenesis, angiogenesis) and have also studied how statins affect thrombospondin signaling and
thrombospondin's biologic effects. I have previously worked with collaborators at The Syracuse Biomaterials
Institute and SUNY Upstate for the development of micelles and resins containing statins for drug delivery to the
vasculature. There were desired biologic effects, but limitations as to their optimization. As a relatively new
department chair and active researcher at Loyola, I have begun my collaboration with Kelly Langert, PhD to use
nanotechnology to directly deliver statin drugs to areas of inflammation. Dr. Langert has experience with the
proposed formulation and the ability to manipulate the characteristics of the nanoparticles. The key contribution
of the proposed research will provide early work towards a major advance that is expected to lead to development
of a new treatment strategy to prevent restenosis after angioplasty for PAD lesions. The current project is a
mentored grant to support Ashley Penton, MD to pursue nanoparticles containing statins to minimize the
development of intimal hyperplasia in an animal model. Dr. Penton is in a rich research environment for the
proposed study. She will be exposed to nanotechnology and creation of the nanoparticles and then be able to
apply them to the animal model of intimal hyperplasia for which she will be performing the surgery. Also available
to her is a senior technologist, Sharon Wang, MD and my PhD partner, Kristopher Maier, PhD. The proposed
studies will expand our knowledge using an innovative approach to targeted drug delivery of a commonly used
drug that is not standardly used for the treatment of intimal hyperplasia. The proposed techniques are currently

being performed in the lab and this grant application has an ambitious, but realistic plan and timeline. This
proposal does not overlap significantly with the current work.
1. Helkin A, Desai P, Bailey I, Bruch D, Maier KG, Gahtan V. Rat strain determines statin effect on intimal
hyperplasia after carotid balloon injury. Journal of Vascular Surgery 2016 Feb;63(2):566-7. PMID:
26804224
2. Desai P, Helkin A, Odugbesi A, Stein J, Bruch D, Lawler J, Maier KG, Gahtan V. Fluvastatin inhibits intimal
hyperplasia in wild-type but not Thbs1-null mice. Journal of Surgical Research 2017 Apr;210:1-7. doi:
10.1016/j.jss.2016.10.007. Epub 2016 Oct 14. PMID: 28457315
3. Helkin A, Bruch D, Wilson DR, Gruessner AC, Bader RR, Maier KG, Gahtan V. Intraluminal Delivery of
Simvastatin Attenuates Intimal Hyperplasia after Arterial Injury. Journal of Vascular and Endovascular
Surgery 2019 Jul;53(5):379-386. PMID: 30982448.
4. Eastern Vascular Society Seed Grant, Statin and VEGF Delivery Using Nanotechnology to Stimulate
Angiogenesis after Acute Ischemia, Manuscript in Preparation (Gahtan, Mentor)

B. Positions, Scientific Appointments, and Honors
Positions and Employment
1.Loyola University Chicago SSOM and Loyola University Medical Center, Maywood, IL, John P. Igini MD
Professor of Surgery, Chair Department of Surgery (2019-)
2. Hines VA Medical Center, Maywood, IL, Staff Physician and Researcher (2019-)
3. Faculty, Syracuse Biomaterials Institute (2013-19)
4. Department of Veterans Affairs VA Healthcare Network Upstate New York at Syracuse, Syracuse, NY, Lead
Physician, Vascular Surgery (2003-19), Chair Research and Development (2012-19)
5. SUNY Upstate Medical University College of Medicine, Syracuse, NY - Professor and Chief, Division of
Vascular Surgery and Endovascular Services (2003-); Professor of Surgery with Tenure (2005-); Lloyd S. Rogers
Endowed Professor (2008-); Interim Executive Vice Chair of Surgery (2009); Vice Chair of Surgery for Academic
Development (2010-19)
6. The VA Connecticut Health Care System, West Haven, CT, Staff Surgeon, Chief of Peripheral Vascular
Surgery (1997-2003), Director of the Physiologic Vascular Lab (1997-98)
7. Yale University School of Medicine, New Haven, CT - Assistant Professor of Surgery (1997-2000); Associate
Professor of Surgery (2000-2003); Director, Physiologic Vascular Lab (1998-2003)
8. Veterans Affairs Medical Center, Philadelphia, PA - Staff Surgeon, Co-Director Noninvasive Vascular Lab
(1994-97); Co-Director SICU (1995-97); Chief, Vascular Surgery for Allegheny University of the Health Sciences
Section (1996-97)
9. MCP•Hahnemann School of Medicine, Philadelphia, PA - Assistant Professor of Surgery (1994-97)
Other Experience and Professional Memberships (Selected)
Syracuse VA R&D Committee Member (2005-2019), Chair (2012-19)
American Board of Surgery–Surgery Associate Examiner (1999); Vascular Surgery Board of the American Board
of Surgery Associate Examiner (2003, 2005), Senior Examiner (2006, 2007, 2009-Present), VSB Director (200919), Vice Chair Vascular Surgery Board (2013-16), Chair Vascular Surgery Board (2016-19), Co-Editor VSCORE
(2013-16), American Board of Surgery Director (2013-19), Senior Examiner General Surgery 2013-Present
Society for Vascular Surgery–Young Surgeons Committee (2001-03), Membership Committee (2002-06),
Membership Committee Chair (2006), Committee on Women’s Issues (2004-07), Program Committee (200710); Document Oversight Committee (2008-10),Clinical Practice Council (2010-12), Distinguished Fellow (2002Present); SVS Strategic Board (2018-19); SVS Representative to the Geriatrics Specialties Initiative Council of
the American Geriatrics Society (2012-)
Eastern Vascular Society–Program Committee (2004-06), Program Committee Chair (2006), Councilor (2006),
Recorder (2007-10), President-Elect (2010), President (2011); Nominating Committee (2012-15);
Representative to the SVS Executive Board of Directors (2013-2016); Publications Committee (2022-Present)
Association of Women Surgeons –Council (2000-06), President (2004)
Association for Academic Surgery–Program Committee (2000-01), Ad Hoc Member Executive Council (200204), Ad Hoc Committee on Leadership (2003)

Society for University Surgeons–Membership Committee (2005-08), Institutional Representative;
NAVBO (1999-Present); American Heart Association Council on Arteriosclerosis, Thrombosis and Vascular
Biology, Fellow (1998-Present)
Honors
Magna Cum Laude (1981); Psi Chi Chapter Member (1980-81); Woman's Club of Englewood Scholarship (198487); William F. Grupe Foundation Scholarship (1984-85); Edith Seville Coale, M.D. Scholarship (1984-87);
Columbian Women of George Washington University Scholarship (1986-87); Memorial Sloan-Kettering
Fellowship (1986); Florida Vascular Society Resident Presentation Award (1994); American Surgical Association
Foundation’s Fellowship Award (1998-2001); Department of VA Special Contribution Award - VHA/IHI (1999);
Department of VA Certificate of Appreciation for Advanced Clinical Access (2005); Peripheral Vascular Surgical
Society Traveling Fellowship (2005-06); Lloyd Rogers Endowed Professorship (2008-19); Presidential Award for
Excellence in Faculty Service (2018) SUNY Upstate; Chancellor’s Award for Excellence in Faculty Service
(2019); Alpha Omega Alpha Honor Medical Society (2022-Present); John P. Igini MD Professor of Surgery
(2019-Present)
C. Contributions to Science
Thrombospondin-1 Intracellular Signaling in Vascular Smooth Muscle
I first became interested in the study of thrombospondin-1 (TSP-1) when noting its potential as an acute phase
reactant after arterial injury. While TSP-1 had been extensively studied in other cell types (e.g., tumor,
endothelial), TSP-1 was not studied in arterial disease. I quickly moved my initial focus to the characterization
of cell signaling pathways related to TSP-1 stimulated VSMCs and TSP-1-induced VSMC migration. VSMC
migration was selected as the main cell process for study as migration is an important step in the development
of intimal hyperplasia. I contributed to what is known about the signaling pathways induced by TSP-1 in
VSMCs, which is a necessary step in the identification of therapeutic targets.
1.
Gahtan V, Wang X, Ikeda M, Willis AI, Tuszynski GP, Sumpio BE. Thrombospondin-1 induces activation
of FAK in vascular smooth muscle cells. Journal of Vascular Surgery 1999;29:1031-1036. PMID:
10479655
2.
Lee TS, Esemuede N, Sumpio BE, Gahtan V. Thrombospondin-1 induces matrix metalloproteinase 2
activation in vascular smooth muscle cells. Journal of Vascular Surgery 2003;38(1):147-54 PMID:
12844104
3.
Stein JJ, Iwuchukwu C, Maier KG, Gahtan V. Thrombospondin-1-induced Smooth Muscle Cell
Chemotaxis and Proliferation Are Dependent on Transforming Growth Factor-β2 and Hyaluronic Acid
Synthase. Molecular and Cellular Biochemistry 2013;384(1-2):181-6. PMID: 24104451
4.
Maier KG, Ruhle B, Stein JJ, Gentile KL, Middleton FA, Gahtan V. Thrombospondin-1 differentially
regulates microRNAs in vascular smooth muscle cells. Molecular and Cellular Biochemistry Epub 2016
Jan 4 2016; Jan;412(1-2):111-7. PMID: 26728995
The Role of Dyslipidemia, Hyperglycemia and Nicotine on TSP-1 Inducible IH and VSMC Migration
In an effort to understand the influence of common pathologies associated with atherosclerosis on TSP-1
signaling, VSMC migration and intimal hyperplasia, we studied the role of hyperglycemia, dyslipidemia and
nicotine in these processes. Both hyperglycemic and dyslipidemic conditions augment VSMC chemotaxis and
alter gene regulation by TSP-1.
1.
Roth JJ, Gahtan V, Brown JL, Gerhard C, Swami VK, Rothman VL, Tulenko TN, Tuszynski GP.
Thrombospondin-1 is elevated with both intimal hyperplasia and hypercholesterolemia. Journal of
Surgical Research 1998;74:11-16; PMID: 9536966
2.
Maier KG, Han X, Sadowitz B, Gentile KL, Middleton FA, Gahtan V. Thrombospondin-1—a proatherosclerotic protein augmented by hyperglycemia. Journal of Vascular Surgery 2010; 51(5):1238-47;
PMID: 20299182
3.
Stein JJ, Seymour K, Maier KG, Gahtan V. The Effects of Nicotine on Vascular Smooth Muscle Cell
Chemotaxis Induced by Thrombospondin-1 and Fibronectin. American Journal of Surgery 2011
Nov;202(5):545-8. Epub Sept 22, 2011: PMID: 2194492
4.
Desai P, Maier KG, Gahtan V. Dyslipidemia regulates thrombospondin-1-induced vascular smooth
muscle cell chemotaxis. Molecular and Cellular Biochemistry Epub 2015 Sep 8 2015;Dec 410(1-2):8591. PMID: 26350564
Thrombospondin-1 Is Functionally Different than Structural ECM Proteins and Growth Factors

A separate effort has been to distinguish TSP-1 from other extracellular matrix proteins (i.e., fibronectin and
vitronectin) and growth factors (i.e., PDGF) in cell signaling and VSMC chemotaxis. All the other extracellular
matrix proteins studied are associated with intimal hyperplasia. However, TSP-1 functions more as an acute
phase reactant not present in the normal vessel architecture. We demonstrated signaling differences between
TSP-1 and PDGF, fibronectin and vitronectin in our system. Thus TSP-1 has a unique niche in the development
of vascular disease.
1.
Willis AI, Fuse S, Wang XJ, Chen E, Tuszynski GP, Sumpio BE, Gahtan V. Inhibition of
phosphatidylinositol 3-kinase and protein kinase C attenuates extracellular matrix protein-induced
vascular smooth muscle cell chemotaxis. Journal of Vascular Surgery 2000;31:1160-1167; PMID:
10842153
2.
Seymour K, Han X, Sadowitz B, Maier KG, Gahtan V. Differential Effect of Nitric Oxide on
Thrombospondin-1-, PDGF- and Fibronectin-Induced Migration of Vascular Smooth Muscle Cells.
American Journal of Surgery 2010; 200(5): 615-619. PMID 21056151
3.
Stein JJ, Seymour K, Maier KG, Gahtan V. The Effects of Nicotine on Vascular Smooth Muscle Cell
Chemotaxis Induced by Thrombospondin-1 and Fibronectin. American Journal of Surgery 2011
Nov;202(5):545-8. Epub Sept 22, 2011: PMID: 2194492
4.
Willis AI, Sadowitz B, Fuse S, Maier KG, Lee TS, Wang XJ, Tuszynski GP, Sumpio BE, Gahtan V.
Thrombospondin-1, fibronectin, and vitronectin are differentially dependent upon Ras, ERK1/2, and p38
for induction of vascular smooth muscle cell chemotaxis. Vascular and Endovascular Surgery 2011
Jan;45(1):55-62; PMID: 21193465
Pleiotropic effects of statins on noncoronary vascular disease
We developed an interest in the role of statin drugs in beneficial pleotropic effects in patients with peripheral
arterial disease. Through our studies, we discovered that statin drugs affected thrombospondin signaling and
physiologic effects such as smooth muscle cell chemotaxis and angiogenesis.
1.
Esemuede N, Lee T, Spada M, Maier KG, Sumpio BE, GahtanV. Lovastatin inhibits thrombospondin-1induced smooth muscle cell chemotaxis. Journal of Surgical Research 2011; 168(1):149-154: EPub 2009
Dec 18. PMID 20338582
2.
Seymour K, Stein JJ, Maier KG, Gahtan V. Statins and nitric oxide donors affect thrombospondin-1Induced chemotaxis. Vascular and Endovascular Surgery Epub 30 October 2014. 48(7-8):470-5.
PMID:25361959
3.
Gonzalez L, Helkin A, Gahtan V. Dyslipidemia Part 2 – Review of Dyslipidemia Treatment in Patients
with Non-Coronary Vascular Disease. Vascular and Endovascular Surgery 2016 Feb;50(2):119-35.
PMID:26983668
4.
Muqri F, Helkin A, Maier KG, Gahtan V. Thrombospondin-5 and Fluvastatin Promote Angiogenesis and
Are Protective Against Endothelial Cell Apoptosis. Journal of Cellular Biochemistry 2020 Apr 29. Online
ahead of print. 2020. PMID: 32348623.

Complete List of Published Work in MyBibliography:
http://www.ncbi.nlm.nih.gov/sites/myncbi/1VYSb63rNOM5t/bibliograpahy/47549290/public/?sort=date&directio
n=ascending

OMB No. 0925-0001 and 0925-0002 (Rev. 10/15 Approved Through 10/31/2018)
BIOGRAPHICAL SKETCH
Provide the following information for the Senior/key personnel and other significant contributors.
Follow this format for each person. DO NOT EXCEED FIVE PAGES.
NAME: Kristopher G. Maier, Ph.D.
eRA COMMONS USER NAME (credential, e.g., agency login): maierk
POSITION TITLE: Assistant Professor/Health Research Scientist/Submitting Officer

EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as
nursing, include postdoctoral training and residency training if applicable. Add/delete rows as
necessary.)
INSTITUTION AND LOCATION
Bellarmine College
University of Louisville

DEGREE
(if
applicable)

Completion
Date
MM/YYYY

BA

1984

PhD

1998

FIELD OF STUDY
Biology
Physiology and
Biophysics

Medical College of Wisconsin
Post-Doc
1998-2003
Physiology
A. Personal Statement
My role in the proposed research grant is as Principal Investigator. I have a broad background in
animal and cell physiology along with specific expertise in intracellular signal transduction. I have
previously been funded to study the role of HSP90 in the regulation of microRNAs and intimal
hyperplasia. Related to the current proposal, I have conceived, designed and will supervise all
experiments.
In addition, I have successfully administered projects, collaborated with other researchers and was
the interim Associate Chief of Staff for Research at the Syracuse VA. My most productive
collaboration to date has been with Dr. Gahtan. I have had a collaboration with Dr. Vivian Gahtan
since 2007. This collaboration has been fruitful and has allowed for our research labs to obtain NIH,
institutional, foundation and Veterans Affairs Merit funding. We have assembled a team that puts in a
strong position to successfully complete these studies. The current application builds on our previous
work and is a logical extension into examining the pathophysiology of vascular disease.
Significant Life Event
In 2020 I became quite ill and the diagnosis was elusive. In early 2021 I underwent emergency
surgery which had multiple complications leaving in a comatose state for a time. I spent over 5
months in the hospital and over 10 months on disability. Finally, I was able to restart the lab in late
2021 and am now ready to move forward.
Ongoing and recently completed projects that I would like to highlight include:
R01HL133577
Maier (PI)

12/01/2016 – 11/30/2022
The role of the Thrombospondins in Intimal Hyperplasia
Citations
1. Kassem MM, Muqri F, Dacosta M, Bruch D, Gahtan V, Maier KG. Inhibition of heat shock
protein 90 attenuates post-angioplasty intimal hyperplasia. Mol Med Rep. 2020
Apr;21(4):1959-1964. Epub 2020 Feb 20. PMID: 32319637.
2. Sadowitz B, Seymour K, Gahtan V, Maier KG. The role of hyaluronic acid in atherosclerosis
and intimal hyperplasia. Journal of Surgical Research. 2012 Apr;173(2):e63-72. Epub 2011
Oct 11. Review. PMID: 22104612.
3. Maier KG, Ruhle B, Stein JJ, Gentile KL, Middleton FA, Gahtan V. Thrombospondin-1
differentially regulates microRNAs in vascular smooth muscle cells. Mol Cell Biochem. 2016
Jan;412(1-2):111-7. Epub 2016 Jan 4. PMID: 26728995.
4. Helkin A, Maier KG*, Gahtan V*. Thrombospondin-1, -2 and -5 have differential effects on
vascular smooth muscle cell physiology. Biochem Biophys Res Commun 2015 Jul 11
2015;464(4):1022-27. PMID: 26168731. (* = Equal contribution as Senior Author)
B. Positions and Honors
Positions and Employment
9/2019—Present Assistant Professor, Loyola Stritch School of Medicine, Maywood, IL
9/2019—Present Investigator, Burn, Shock, Trauma Research Institute
8/2013—8/2019
Grant Submitting Officer, Syracuse VA
8/2013—8/2019
Health Research Scientist, Syracuse VA
8/2011—4/2012
Member, Veterans Affairs VISN2 Research Advisory Committee
8/2011—4/2012
Interim President of the Central New York Research Corporation
8/2011—4/2012
Interim Associate Chief of Staff for Research and Development, Syracuse VA
2010—2019
Member Surgery Research Committee
2010—2019
Member Upstate Medical University Cancer Research Institute
2009—2012
Member of the Research and Development Committee, Syracuse VA
2009—2011
Chair, Subcommittee on Animal Studies, Syracuse VA
2007—2013
WOC Syracuse VA Medical Center
2004—2019
Assistant Professor, Upstate Medical University, Syracuse, NY
1998—2003
Post-Doctoral Research Associate, Medical College of Wisconsin, Milwaukee, WI
1993—1998
Teaching Assistant, University of Louisville, Louisville, KY
Other Experience and Professional Memberships
2008— Present
2007— Present
2005— Present
2001— Present
2004— Present
2000— Present

North American Vascular Biology Association
Ad Hoc Reviewer, Journal of Surgical Research
Ad Hoc Reviewer, Microcirculation
Ad Hoc Reviewer, American Journal of Physiology
American Heart Association, Arteriosclerosis, Thrombosis and Vascular Biology
American Physiological Society (Cardiovascular Section)

Provisional Patent (Co-Investigator: CYP4A metabolites of arachidonic acid and VEGF are mediators
of skeletal muscle angiogenesis)
Provisional Patent (Co-Investigator: A novel use of the aromatase inhibitor letrozole in estrogen
receptor-α negative breast cancers)
Provisional Patent (Principal-Investigator: A novel estrogen receptor GPR30 is expressed in
aggressive prostate cancer (DU-145 and PC-3) and aggressive lung cancer (A549) cells)

Honors and Awards
2002 FASEB Young Investigator Travel Award (2001)
1998 Graduate Dean’s Citation for Excellent in Research, University of Louisville
C. Contribution to Science
Novel Assay to Quantitatively Measure Eicosanoids
Arachidonic acid (AA) is primarily metabolized in the brain, kidney, lung, and vasculature by
cytochrome P-450 enzymes to epoxyeicosatrienoic acids (EETs), dihydroxyeicosatrienoic acids
(diHETEs), and 19- and 20-hydroxyeicosatetraenoic acids (19- and 20-HETE). 20-HETE and EETs
are biologically active and have been implicated as paracrine factors and/or second messengers in
the regulation of vascular tone, sodium and water excretion in the kidney, and airway resistance.
Despite the importance of P-450 metabolites of AA in the control of vascular tone and renal function,
little is known about the regulation of the concentrations of these mediators in tissue and biological
fluids. Part of the problem has been the lack of a sensitive, inexpensive, and high-throughput assay to
measure the endogenous concentration of these compounds. Over a period of 1.5 years my
postdoctoral mentor and I developed an HPLC/MS/MS assay that is sensitive enough to detect a one
carbon position change of a hydroxyl group. This technique has opened up many opportunities to
study these systems. This method has found use within the field, as demonstrated by the more than
60 citations of the publication as noted in SCOPUS.
1.
2.

Maier KG, Henderson L, Narayanan J, Alonso-Galicia M, Falck JR, and Roman RJ. Fluorescent
HPLC assay for 20-HETE and other P450 metabolite of arachidonic acid. American Journal of
Physiology Heart and Circulatory Physiology 279: H863-H871, 2000. PMID: 10924088
Patent (Co-Investigator: A rapid and sensitive fluorescent HPLC assay for HETEs and EETs,
US 6,764,855 B2)

Thrombospondin-1 is Augmented by Hyperglycemia and Dyslipidemia
Vascular disease is often accelerated in the metabolic syndrome and type 2 diabetes. As a Principal
Investigator, I was interested in the effect of hyperglycemia and dyslipidemia on vascular smooth
muscle response to agonists. I found that both dyslipidemia and hyperglycemia vascular smooth
muscle cell chemotaxis. Of greater note, I found that while thrombosponin-1 treatment of vascular
smooth muscle cells altered the expression of a few hundred genes, when thrombospondin-1 was
augmented with hyperglycemia the expression of over two thousand genes was changed. I am still
harvesting potential therapeutic targets from these data sets.
1.
2.

3.

4.

Maier KG, Han X, Sadowitz B, Gentile KL, Middleton FA, Gahtan V. Thrombospondin-1—a proatherosclerotic protein augmented by hyperglycemia. Journal of Vascular Surgery 2010;
51(5):1238-47; PMID: 20299182.
Maier KG, Siddiqui S, Dhimukangara M, Snyder T, Seymour KA, Saeed Y, Stein JJ, Gahtan V.
Dyslipidemia Regulates Thrombospondin-1-Induced Vascular Smooth Muscle Cell Chemotaxis.
25th Annual Meeting of the Eastern Vascular Society, Washington, DC, September 2011, Journal
of Vascular Surgery 2011; 54:924.
Desai P, Maier K*, Gahtan V*. Thrombospondin-1-Induced VSMC Chemotaxis Is Dependent on
the Sphingosine-1-Phosphate Receptor. 2014 New England Society for Vascular
Surgery/Eastern Vascular Society Joint Annual Meeting. Journal of Vascular Surgery
2014;60:819 (* = Equal contribution as Senior Author)
Desai P, Maier KG*, Gahtan V*. Dyslipidemia regulates thrombospondin-1-induced vascular
smooth muscle cell chemotaxis. Molecular and Cellular Biochemistry Sep 8 2015;Dec 410(12):85-91. PMID: 26350564 . (* = Equal contribution as Senior Author)

Thrombospondin-1 and Pro-Atherosclerotic Signaling
Another area of interest has been that of understanding how thrombospondin-1 signaling integrates
into other pro-atherosclerotic signal transduction pathways. In my role as a Co-Principal Investigator
we found that thrombospondin-1 upregulates hyaluronic acid synthase. Subsequent work identified a
common receptor between thrombospondin-1 and hyaluronic acid induction of smooth muscle cell
migration. Thus a link was shown between disparate signaling pathways providing a common
therapeutic target. Other extracellular proteins were also studied, fibronectin and vitronectin as well as
the growth factor PDGF, nitric oxide and nicotine. Our studies demonstrate how complex these
interactions really are and the care that must be taken in drawing conclusions form these interactions.
1.
2.

3.
4.

Maier KG, Sadowitz B, Cullen S, Han X, Gahtan V. Thrombospondin-1-induced VSMC migration
is dependent upon the hyaluronic acid receptor CD44. American Journal of Surgery
2009;198(5):664-9. PMID: 19887196.
Seymour K, Han X, Sadowitz B, Maier KG*, Gahtan V*. Differential Effect of Nitric Oxide on
Thrombospondin-1-, PDGF- and Fibronectin-Induced Migration of Vascular Smooth Muscle
Cells. American Journal of Surgery 2010; 200(5): 615-619. PMID 21056151. (* = Equal
contribution as Senior Author)
Stein JJ, Seymour K, Maier KG*, Gahtan V*. The Effects of Nicotine on Vascular Smooth Muscle
Cell Chemotaxis Induced by Thrombospondin-1 and Fibronectin. American Journal of Surgery
2011 Nov;202(5):545-8. PMID: 2194492. (* = Equal contribution as Senior Author)
Stein JJ, Iwuchukwu C, Maier KG*, GahtanV*. Thrombospondin-1-Induced Vascular Smooth
Muscle Cell Migration and Proliferation Are Functionally Dependent on MicroRNA-21. Epub
Surgery 2013 Dec 4 2014;155(2):228-233. PMID: 24314882. (* = Equal contribution as Senior
Author)

Statins as an Anti-Thrombospondin Therapy
We have also been investigating statins interaction with vascular smooth muscle cells and their ability
to inhibit vascular smooth muscle migration. Of particular interest was the interaction of statins with
nitric oxide to determine if these two compounds could be used in conjunction with greater efficacy.
Surprisingly we found that statins and nitric oxide do not work synergistically in vitro, but rather have
confounding effects on each other. Further studies are needed; however, these data suggest that the
interaction of nitric oxide donors and statins should be examined in vivo and in the clinical setting.
Role: Principal Investigator
1. Kassem MM, Muqri F, Dacosta M, Bruch D, Gahtan V, Maier KG. Inhibition of heat shock
protein 90 attenuates post-angioplasty intimal hyperplasia. Mol Med Rep. 2020
Apr;21(4):1959-1964. Epub 2020 Feb 20. PMID: 32319637.
2. Maier KG, Ruhle B, Stein JJ, Gentile KL, Middleton FA, Gahtan V. Thrombospondin-1
differentially regulates microRNAs in vascular smooth muscle cells. Mol Cell Biochem. 2016
Jan;412(1-2):111-7. Epub 2016 Jan 4. PMID: 26728995.
3. Seymour K, Han X, Sadowitz B, Maier KG*, Gahtan V*. The Effect of Nitric Oxide and Statins
on Thrombospondin-1-Induced Chemotaxis in Smooth Muscle Cells. 24th Annual Meeting of
the Eastern Vascular Society, New York, NY, October 2010, Journal of Vascular Surgery 2010;
52:817. (* = Equal contribution as Senior Author)
4. Sadowitz B, Maier KG, Gahtan V. Basic science review: Statin therapy--Part I:
The pleiotropic effects of statins in cardiovascular disease. Vascular and Endovascular
Surgery. 2010 May;44(4):241-51. doi: 10.1177/1538574410362922. Review. PMID: 20403949.
Complete List of Published Work in MyBibliography:
http://www.ncbi.nlm.nih.gov/sites/myncbi/kristopher.maier.1/bibliography/46436402/public/?sort=date
&direction=ascending
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A. Personal Statement
The focus of my independent laboratory is advancing treatments for acquired and inherited
peripheral neuropathies. We aim to leverage utility of novel or existing therapeutic compounds and targets by
using different drug delivery strategies- in essence, bridging the gap between drug discovery and drug delivery.
My specific qualifications to serve as significant contributor of this seed grant entitled, “Targeted Statin
Delivery Using Chitosan-Poly (lactic-co-glycolic) Acid Nanoparticles to Reduce Intimal Hyperplasia,” is
experience with pleiotropic effects of statins on inflamed vasculature as well as engineering of nanoformulations
for local and targeted systemic delivery of statins. As such, I will lend to this proposal my expertise with synthesis
and characterization of statin-loaded polymeric nanoparticles. In addition to recently securing a tenure-track
faculty position at Loyola University Chicago’s Stritch School of Medicine (October 2019), I have maintained
funding from the Department of Veterans’ Affairs Rehabilitation Research Development Program consistently for
8 years (PI of Predoctoral Fellowship, CDA-1, and CDA-2 currently), and I qualify as an NIH Early-Stage
Investigator through August 2025.* I have authored 13 manuscripts (175 external citations, h-index: 8). This
includes 10 first author manuscripts and two recently published senior author manuscripts. As such, I will lend
to this proposal my expertise with synthesis and characterization of statin-loaded polymeric nanoparticles.
Current funded research programs:
7/1/17-12/31/22: VA RR&D- Career Development Award Level 2 (IK2RX002305)
PLGA Nanoparticles as a Localized Therapy for Experimental Autoimmune Neuritis
Role: PI. The goals of this research program are to significantly advance targeted, therapeutic administration of
lovastatin-encapsulating nanoparticles as a novel treatment option for Veterans suffering from AIDP/GBS while
providing a thorough and rigorous training environment for the PIs transition to independence.
12/1/21-11/30/22: Charcot Marie Tooth Research Foundation Grant
PLGA Nanoparticles as a Localized Therapy for Experimental Autoimmune Neuritis
Role: PI. The goal of this project is to investigate the potential of leukomimetic nanoparticles as a drug delivery
system for Charcot Marie Tooth Disease Type 1X.
*Career progress was briefly interrupted in 2013, 2014, and 2018 for childbirth and family care obligations.

B. Positions, Scientific Appointments, and Honors
Positions
2019-present
2016- 2019
2014- present
2012-2014
Honors
2022
2022
2017
2015
2014
2014
2012
2012
2011
2011
2011
2005

Assistant Professor, Loyola University Chicago, Chicago, IL
Visiting Researcher, Illinois Institute of Technology, Chicago, IL
Research Health Scientist, Edward Hines, Jr. VA Hospital, Hines, IL
Research Associate, Loyola University Medical Center, Chicago, IL
VA BLR&D Non-Clinician Merit Review Submission Eligibility (through 2025)
Early Career Reviewer, NIH Special Emphasis Panel on Blood Brain Barrier
RR&D Career Development Award- Level 2, Department of Veterans Affairs
First Place Award, Hines V.A. Hospital Research Day Poster Competition
ASN Neuro award, American Society of Neurochemisty annual meeting, Long Beach, CA
RR&D Career Development Award- Level 1, Department of Veterans Affairs
First Place, Graduate Student Symposium, Chicago SfN annual meeting, Chicago, IL
Charles Robert (Bob) Schuster Travel Award for SfN meeting, New Orleans, LA
Pre-Doctoral Associated Health Rehab Research Fellow, Hines V.A. Hospital, Hines, IL
Third Place, Graduate Student Oral Presentation Competition, Loyola University Chicago
Chicago Assn for Research and Education in Science Domestic Air Travel Award
Undergraduate Research Fellowship, UW HealthEmotions Research Institute

Other Experience and Professional Memberships
2022
Ad hoc member, VA BLR&D Review Panel, NURC
2021-present
Hines VA Institutional Animal Care and Use Committee (Associate Chair)
2020-present
American Chemical Society
2017-2021
Hines VA Institutional Animal Care and Use Committee (full voting member)
2017-2019
Member, Peripheral Nerve Society
2016-present
Member, Society for Biomaterials
2015-present
Hines VA Research Safety Subcommittee (full voting member)
2012-2015
Hines VA Institutional Animal Care and Use Committee (alternate)
2008-2020
Member, Society for Neuroscience (SfN)
2007-2014
Member, American Society of Neurochemistry (ASN)
C. Contributions to Science
1. Characterization of novel, SV40 transformed peripheral nerve microvascular endoneurial endothelial
cell line (Blood-Nerve Barrier).
Experimental autoimmune neuritis (EAN) is a well-characterized animal model of acute inflammatory
demyelinating polyneuropathy. The mechanisms that govern the aberrant trafficking of autoreactive leukocytes
into the endoneurial compartment remain poorly understood. In order to delineate key events that occur during
inflammation at the blood-nerve barrier, there stood a need for a species-specific in vitro complement to the
Lewis rat EAN model. As a graduate student and a VA RR&D Predoctoral Fellowship awardee, I employed large
T antigen transduction to produce a stably immortalized line of peripheral nerve microvascular endoneurial
endothelial cells (PNMECs) from purified primary cultures. Using this cell line, we established the working
hypothesis that statins attenuate EAN by inhibiting GTPase-dependent CCL2 secretion and subsequent
transendothelial migration across the blood-nerve barrier.
a) Langert KA, Von Zee CL, and Stubbs Jr. EB. (2013) Tumor necrosis factor-α enhances MCP-1 and ICAM-1
expression in peripheral nerve microvascular endothelial cells, ASN Neuro, 5: art:e00104. doi:10.
1042/AN20120048. PMID: 23293927.
b) Langert KA, Von Zee CL, and Stubbs Jr. EB. (2013) Cdc42 GTPases facilitate tumor Necrosis factor-α
mediated secretion of CCL2 from peripheral nerve microvascular endothelial cells. JPNS,18: 199-208. PMID:
24028188.
2. Identification of a novel role of Cdc42 and RalA GTPases in the secretion, but not production, of CCL2.
Monomeric GTPases are ubiquitous mediators of physiological and pathological intracellular signaling events.

Aberrant signaling by monomeric GTPases is now implicated in the pathogenesis of a spectrum of seemingly
disparate inflammatory disorders, including inflammatory peripheral neuropathy. Using direct pharmacologic
inhibitors along with targeted siRNA knockdown in vitro, I identified Cdc42 and RalA GTPases as key mediators
of TNF-α mediated CCL2 secretion from PNMECs. A different class of monomeric GTPases, Rab, has long been
established as the primary component of the cellular machinery controlling intracellular trafficking and vesicle
release. These novel findings suggest that the role of GTPases in vesicle trafficking and release is not completely
defined or understood.
a.) Langert KA, Pervan CL, and Stubbs Jr. EB. (2014) A novel role of Cdc42 and RalA GTPases in TNF-α
mediated secretion of CCL2. Small GTPases,9:1-6. PMID: 24911990.
b.) Langert KA, Von Zee CL, and Stubbs Jr. EB. (2013) Cdc42 GTPases facilitate tumor Necrosis factor-α
mediated secretion of CCL2 from peripheral nerve microvascular endothelial cells. JPNS,18:199-208. PMID:
24028188
3. Advancement of materials-based, targeted drug delivery to the inflamed peripheral nerve.
While my graduate and early postdoctoral work focused on identification of therapeutic targets at the blood-nerve
barrier, the focus of my independent laboratory employs bioengineering techniques to design drug delivery
systems that incorporate these targets into novel treatments. I have demonstrated that locally-administered
lovastatin encapsulating nanoparticles attenuate experimental autoimmune neuritis, and my lab is working on
functionalizing the surface of these nanoparticles to facilitate targeted, systemic delivery. I summarized the
current state of the field of targeted delivery across the blood nerve barrier in the recent review article, Strategies
for targeted delivery to the peripheral nerve (Langert & Brey, 2018).
a.) Langert KA, Goshu BA, Stubbs EB, Jr. (2017). Locally administered lovastatin-encapsulating nanoparticles
protect against experimental autoimmune neuritis. J Neurochem, 140: 334-346. PMID 27861905.
b.) Langert KA, Brey EM. (2018). Strategies for targeted delivery to the peripheral nerve. Front Neurosci, 12:
887doi.org/10.3389/fnins.2018.00887. PMID: 30542262
c.) Yang F., Cabe M., Nowak H., and Langert K.A. (2022) Chitosan/PLGA nanoparticles with finely tuned size
distributions for enhanced mucoadhesion. Pharmaceutics, 14(1):95. doi: 10.3390/pharmaceutics14010095.
PMID 35056991
d.) Yang F., Cabe M.H., Sanchez V., and Langert K.A. (2021) Optimization of critical parameters for coating of
polymeric nanoparticles with plasma membrane vesicles by sonication. Scientific Reports, 11: doi:
10.1038/s41598-021-03422-5. PMID 34907240.

Complete list of published works in My Bibliography
https://www.ncbi.nlm.nih.gov/myncbi/kelly.langert.1/bibliography/public/

Vivian Gahtan, MD, FACS
John P. Igini MD Professor of Surgery
Chair, Department of Surgery

Phone: 708-327-2702
Fax: 708-327-2852
Email:Vivian.Gahtan001@lumc.edu

July 19, 2022
EVS
333 South State Street, V324
Lake Oswego, Oregon 97034
RE:

Dr. Ashley Penton
EVS Research Seed Grant Application

Dear Colleagues:
I wholeheartedly support Dr. Ashley Penton’s application for the EVS Research Seed Grant Application.
I am writing this letter as Ashley’s Research Mentor and Program Director of this research program.
Ashley began her research time in the laboratory at the end of June 2022 and we expect her to be in
the lab through June 2024. Ashley came to her research time with previous basic science research
experience and is versed in a number of techniques and basic skills relevant to the current proposal.
This EVS Research Seed Grant would really provide Ashley with the strong opportunity to further
develop her own project. This proposal, if accepted, is distinct to the current lab research. She is
enthusiastic and actively engaged in planning of her research time. During her time in the lab, she is
expected to participate in experimental design, trouble shooting of technical problems, write abstracts,
present data, and first and coauthor manuscripts. In the past year as a clinical resident, she has had
several co-authorships of clinical vascular research.
Ashley’s salary is covered through a T32 NIH training grant during her research period. She is in a
supportive research environment. Between our lab and our collaborator, Dr. Langert's lab, Dr. Penton is
fully equipped to allow for performance of the assays and surgeries proposed in this application. We
have research laboratory space at Stritch School of Medicine and animal work done across the street
and the Edward Hines Jr. VA Hospital. There are wet labs, a tissue culture room, a microscopy room
and designated surgical space with a surgical microscope and workstation. The VA Medical Center has
a fully staffed animal care facility in the research wing. This facility includes a veterinary director and
veterinarian on staff and has everything necessary for the proposed animal surgery and post-operative
care. The VA is proximate and closely associated with SSOM. Additionally, shared core facilities are
available to us at the university.
This lab is currently supported by R01 (no cost extension) and University Funding and there are no
possible gaps in funding during Ashley’s time in the lab. The main area of study of the vascular research
laboratory is the effects of the thrombospondin matricellular proteins on intimal hyperplasia and
angiogenesis. We are also studying the pleiotropic effects of statins on intimal hyperplasia. The proposed
project is of interest to our lab, but does not overlap with current active projects. The aim of Ashley’s
proposal will be to examine: (1) the in vitro efficacy and cellular uptake of statin-loaded chitosan-PLGA
NPs in vascular endothelial cells and VSMCs and examine for cell viability; and (2) assess whether
intraluminal statin loaded chitosan-nanoparticles will reduce intimal hyperplasia in vivo. The nanoparticles
are being developed by my collaborator, Kelly Langert, PhD, whose research laboratory is at both SSOM
and the VA. She is an expert in nanotechnology for drug delivery. She is committed to supporting this
project. She is reliable and easily available to us for meetings as well as timely delivery of the work being
performed. She has already put statin containing nanoparticles in tissues with a physiologic response.
She has not previously used them for localized intraluminal treatment. We currently have a NIH grant

proposal in submission for which she is the PI and I co-investigator. Ashley will have exposure to the
development and synthesis of the nanoparticles, as well as performing the animal surgeries and analyses
to be used in the current proposal. I am enthusiastic about the work proposed and confident that we are
capable of carrying out the proposed application, which will contribute to a better understanding of
interventional strategies to prevent or minimizing restenosis after balloon angioplasty.
The research training plan that we formulated for Ashley is multifaceted and she receives close
guidance in the performance of her research. While she is already familiar with some of the techniques
outlined in this proposal, she is receiving specific training in our protocols. As part of the training plan,
she will interact with me (Mentor) and my research partner, Kristopher Maier, PhD at formal lab
meetings weekly. She will also participate in joint meetings with Dr. Langert. She also has assigned
reading and writing assignments related to this research project, and discussion of planned
experimental work. A separate meeting will occur with me at least weekly, as well as regular
communications by email regarding experimental work and writing assignments. She has access to Dr.
Maier on a daily basis as needed. Our lab technician, Sharon Wang, MD, is senior and experienced.
She will receive any needed individualized attention.
Ashley will be expected to present her work locally, regionally and nationally. Meetings include the
Academic Surgical Congress, AHA Atherosclerosis, Thrombosis and Vascular Biology Meeting,
Vascular Research Initiatives, Experimental Biology, the Association of VA Surgeons, and of course,
the Eastern Vascular Society. As part of the T32 training grant, Ashley also has lectures and courses
available to her for her professional development. We anticipate that she will be taking a statistics
course. She received requisite training in the ethical treatment of animals, lab safety, etc. Although she
does not have clinical responsibilities, she will be attending weekly vascular conferences and
selectively grand rounds, morbidity and mortality conference, and resident educational lectures.
In summary, Ashley is directed and dedicated to her chosen career in academic vascular surgery. She
is bright, enthusiastic, honest, dedicated, and is a pleasure to work with. She has already been doing
animal surgeries, working on experimental designs and analyzing current data. She has shown excellent
initiative in the lab in general, and especially in preparation of this grant application. If awarded this project
it will be the focus of her research time in the coming year. I am fully committed to mentoring her for this
project if selected. Further, if Ashley is provided this opportunity, I am confident she will be dedicated,
capable and productive in executing the project and in better developing her skills as a junior investigator.
Receipt of an award such as this one will increase her competitiveness later for a faculty position, and
contribute to our ongoing research program. Please contact me if there is a way that I can further support
her application.
Sincerely,

Vivian Gahtan, M.D., FACS
John P. Igini MD Professor of Surgery
Chair, Department of Surgery

Kristopher Maier, PhD
Department of Surgery
CTRE Room 322  Health Sciences Campus
2160 S. First Avenue  Maywood, IL 60153

07/30/2022

Ashley Penton
Dear Ashley,
Thank you for your kind invitation to collaborate on your research project entitled “Targeted
Statin Delivery Using Chitosan-Poly (lactic-co-glycolic) Acid Nanoparticles to Reduce Intimal
Hyperplasia”. These studies represent some innovative targeting techniques and I am excited
by the potential it represents.
I will be happy to collaborate with you on this project.
Thank you.
Sincerely,

Kristopher Maier, PhD

Loyola University Chicago
Health Sciences Division, Maywood Campus
Department of Molecular Pharmacology
& Neuroscience
CTRE 4th Floor
2160 S. 1st Avenue
Maywood, IL 60153
Phone:
(708) 216-3261
Fax:
(708) 216-8318
https://ssom.luc.edu/pharmacology/

July 27, 2022
Kelly Langert, Ph.D.
Assistant Professor
Department of Molecular Pharmacology and Neuroscience
Loyola University Chicago
2160 South First Avenue
Maywood, IL 60153

Dear Dr. Penton,
It is my pleasure to confirm my support for your EVS Research Seed Grant, “Targeted Statin
Delivery Using Chitosan-Poly (lactic-co-glycolic) Acid Nanoparticles to Reduce Intimal
Hyperplasia.” I acknowledge Dr. Penton has 2-year protected time to dedicate to this research
and my willingness to serve as a Significant Contributor. I am an Assistant Professor in the
Department of Molecular Pharmacology and Neuroscience at Loyola, as well as a Research
Health Scientist and Career Development Awardee at Hines VA Hospital, and my group maintains
laboratory space on both campuses. My background includes experience with pleiotropic effects
of statins on inflamed vasculature as well as engineering of nanoformulations for local and
targeted systemic delivery of statins, making me ideally suited to serve as a collaborator on this
study.
As such, I will lend to this proposal my expertise with synthesis and characterization of statinloaded polymeric nanoparticles. Specifically, my lab will produce chitosan-coated PLGA
nanoparticles loaded with simvastatin and perform in vitro characterization. This will include
quantitative analysis of uptake by vascular smooth muscle cells with flow cytometry as we have
previously performed with peripheral nerve endothelial cells. In addition, we will assist with
analysis of GTPase mRNA in vessels from animals receiving each treatment. We have
previously published this technique as an indirect means of assessing in vivo drug release.
I am looking forward to assisting with this project and to embarking on the first of our many
possible collaborations. Please reach out if there is anything further you need.

Sincerely,

Kelly A. Langert, Ph.D.

