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Characterization of ARHGAP12 function in invadopodia and focal adhesions. 

 

Kinza Sheikh. 

 

Advisor: Dr. Rafael Garcia-Mata,  

Department of Biological Sciences. 

 

 

Abstract 

The lethality of cancer is arguably due to a primary tumor metastasizing to establish itself in a 

new location within the body. To metastasize, cancer cells utilize structures called invadopodia 

to degrade extracellular matrix and focal adhesions to detach and attach to tissue. These 

structures form in response to cellular signals, which are carried out by specific pathways. 

RhoGTPases are active participants in these signal pathways, and are regulated by GAPs and 

GEFs. In this experiment, we are observing the role of ARHGAP12, a RhoGAP, in invadopodia 

and focal adhesion assembly in breast cancer cells. Our results confirmed that a knockdown of 

ARHGAP12 will increase the levels of invadopodia in control cancer cells. We also determined 

that an overexpression of ARHGAP12 resulted in a decrease of invadopodia in control cancer 

cells. This trend needs to be confirmed with statistical significance, but would suggest that 

ARHGAP12 plays a prominent role in regulating invadopodia. In regards to focal adhesions, we 

did not determine a relationship between ARHGAP12 and focal adhesion assembly. The next 

step would involve confirming the ARHGAP12 overexpression trend in control cells. 

Additionally, an ARHGAP12 overexpression should be conducted in ARHGAP12 knock 

  



Exogenous application of endocannabinoids inhibits C. elegans pumping and feeding. 

 

Brittany Thompson 

 

Advisor: Dr. Richard Komuniecki 

Department of Biological Sciences 

 

Cannabis contains an array of compounds of potential medicinal importance, in addition to its 

psychoactive properties. For example, cannabis has been used to treat nausea and epilepsy. 

Cannabinoids and their endogenous cousins, the endocannabinoids, 2-arachidonoylglycerol (2-

AG) and N-arachidonoylethanolamine (AEA), activate cannabinoid receptors and repress 

neurotransmitter release in the brain and CNS. In the present study, we have used the 

genetically-tractable, whole-animal Caenorahaditis elegans model to examine the effects of 

cannabinoid signaling on pharyngeal pumping and feeding. In contrast to previous reports 

suggesting the C. elegans did not contain a cannabinoid signaling system, the exogenous 

application of either 2-AG or AEA inhibited both pumping and feeding and these effects were 

dependent on a putative cannabinoid receptor, NPR-19. Interestingly, NPR-19 exhibits only 23% 

sequence identity to human cannabinoid receptors and was previously identified as a 

neuropeptide receptor. These studies suggest that cannabis might inhibit feeding, in contrast to 

the well-known “munchies” after cannabis use. Interestingly, the “munchies” appear to occur 

after cannabis smoking or ingestion, and it will be important to determine if this increased 

feeding occurs as a rebound to a cannabis induced suppression of feeding. These studies are 

continuing with the rescue of the NPR-19 null animals and the heterologous expression of NPR-

19 in Xenopus oocytes to confirm the direct binding of 2-AG and AEA. 

  



Exenatide Reverses Non-Alcoholic Hepatosteatosis by Inducing CEACAM-1 Expression 

Julie Hanna 

 

Advisor: Dr. Sonia Najjar 

Department of Physiology and Pharmacology  

 

 

Nonalcoholic Steatohepatitis (NASH) is the leading cause of chronic hepatic failure and has 

become more prevalent in public health. The pathogenesis of NASH and diabetes is correlated to 

decreased insulin clearance. The beneficial effect of exenatide in promoting insulin secretion 

from beta cells has been documented; however, its involvement in hepatic insulin clearance has 

not been sufficiently tested. Proper hepatic insulin clearance to maintain insulin sensitivity is 

regulated by carcinoembryonic antigen-related cell adhesion molecule 1 (CEACAM1).  The 

current study investigates the effect of exenatide on CEACAM1- induced insulin clearance and 

NASH development in mice. C57BL/6J wildtype and CEACAM1 knockout mice were fed a 

high-fat diet for seventy days and during the final thirty days, intraperitoneal injections of either 

saline or exenatide (20 ng/g body weight) were administered. The diet-induced metabolic 

abnormalities in C57BL/6J wildtype mice were reversed after being treated with exenatide due to 

the induction of CEACAM1 in the liver and protection of hepatic insulin clearance. These 

combined effects of exenatide mediated a therapeutic response on steatosis in wildtype mice. The 

data suggests that exenatide promotes insulin clearance through a CEACAM-1 induced 

mechanism, consequently curbing insulin resistance and hepatosteatosis. 

  



Localization of Intermediate Filament Protein IFC-1 in Caenorhabditis elegans. 

 

Heather Fronk 

 

Advisor: Dr. John Plenefisch 

Department of Biological Sciences 

 

Located between the muscle and cuticle of C. elegans lies the epidermis. Within the epidermis 

are fibrous organelles (FOs). These FOs are composed of apical and basal hemidesmosomes 

which are linked by cytoplasmic intermediate filament proteins which function to transmit force 

from the muscle to the cuticle. Cytoplasmic intermediate filament proteins IFA-2, IFA-3, and 

IFB-1 have been shown to localize to these hemidesmosomes. Mutations arising in IFA-2, IFA-

3, and IFB-1 have demonstrated a lethal phenotype causing epidermal fragility and resulting in 

C. elegans death before adulthood. Similarly, RNAi knockout of IFC-1 has also demonstrated a 

lethal phenotype suggesting it localizes to the same hemidesmosome structures as IFA-2, IFA-3, 

and IFB-1. Previous studies utilizing antibodies and an ifc-1 cDNA::GFP construct have shown 

IFC-1 expressed in the pharynx, intestines, and epidermis although the precise localization in 

these tissues is presently unknown.  To determine if IFC-1 localizes to the same hemidesmosome 

structures as IFA-2, IFA-3, and IFB-1, an IFC-1::GFP transgene was constructed. This was 

accomplished by polymerase chain reaction of the C. elegans genomic sequence and ligation into 

the GFP expression vector pPD95.75. The construct, in addition with rol-6 marker DNA, was 

germline microinjected into wildtype C. elegans. Progeny expressing the rol-6 phenotype were 

examined using fluorescent microscopy. Results with the present two lines show IFC-1::GFP 

expressed in the intestine and pharynx of C. elegans. Future research includes generating 

additional lines which demonstrate epidermal expression to investigate the precise localization of 

IFC-1. 

 

  



Does MUA-1 regulate intermediate filament IFB-1 expression? 

 

Marissa Zyndorf 

 

Advisor: Dr. John Plenefisch 

Department of Biological Sciences 

 

In C. elegans, cytoplasmic intermediate filaments (IF) are found at sites of mechanical stress, and 

are conspicuously associated with the force transduction pathway that mechanically links 

skeletal muscle to the cuticle. Intermediate filament B1 (ifb-1) is essential for C. elegans 

embryonic development and epidermal morphogenesis. ifb-1 promoter-driven IFB-1::GFP 

reporter is strongly expressed in the embryonic and early larval hypodermis, and cells associated 

with the uterus. Depletion of ifb-1 causes a late embryonic lethal phenotype due to muscle 

detachment from the body wall. Mua-1 is defined by abnormal muscle attachment or muscle 

positioning in mutants resulting in detachment of the uterus and muscle from the body wall, a 

similar phenotype to ifb-1.  Notably, both mua-1 and ifb-1 are expressed in the hypodermis and 

uterus. Mua-1 is a transcription factor; however, it is unknown which genes mua-1 regulates. We 

hypothesize that if mua-1 regulates ifb-1, then IFB-1 expression will be disrupted in a mua-1 

mutant expressing IFB-1::GFP. We performed genetic crosses to produce a mua-1 mutant 

expressing IFB-1 tagged with green fluorescent protein (GFP). We expect IFB-1::GFP 

expression to be disrupted in the uterus and hypodermis compared to wild type IFB-1::GFP. This 

will suggest that mua-1 regulates the expression of ifb-1. From here, we can then establish how 

mua-1 regulates ifb-1.  

 

  



Role of vitamin D deficiency in the pathogenesis of systemic sclerosis (SSc) 

 

Ahmad Assaly 

 

Advisor: Dr. Nezam Altorok 

University of Toledo Department of Medicine – Rheumatology 

 

Not only is vitamin D important for calcium homeostasis, it is known to have many 

immunosuppressant properties through the expression of the vitamin D receptor in T cells and 

antigen-presenting cells such as dendritic cells and B lymphocytes. Vitamin D deficiency is an 

epidemic that affects more than half the world’s population. Deficiency of this vitamin has been 

correlated with numerous connective tissue disorders, one of which is systemic sclerosis (SSc). 

This disease is known to lead to fibrosis of various connective tissues in the body; however, the 

development of this disorder is not completely understood. Multiple studies have examined 

vitamin D deficiency as a possible link to the disease. Based on these studies, we hypothesized a 

role of vitamin D deficiency in pathogenesis of SSc. In a retrospective case study, we examined a 

cohort of SSc patients and collected data including their vitamin D level, demographics, and 

clinical manifestations. The results showed significantly lower levels of vitamin D in SSc 

patients compared to average vitamin D levels. Vitamin D deficiency in SSc may be linked to 

several different factors: the class or severity of the disease, associated GI diseases, and disorders 

such as pulmonary hypertension (PH) and digital ulcers. No correlations could be found with 

these factors, and as such further studies are required for SSc.  

 

  



Viral Hemorrhagic Septicemia Virus Phosphoproten (P) Indirectly Suppresses Interferon 

Regulatory Factor-3 (IRF3) Activity to Inhibit Interferon Induction 

 

Emily Scott 

 

Advisor: Dr. Douglas Leaman 

Department of Biological Sciences 

 

 

Viral Hemorrhagic Septicemia Virus (VHSv) is a negative sense, single-stranded RNA fish 

rhabdovirus.  Although VHSv is found around the globe, a particularly virulent variant (substrain 

IVb) emerged in the Great Lakes and surrounding regions about 10 years ago, where it caused 

massive die-offs that affected a variety of fish species. Like other eukaryotic viruses, VHSv must 

suppress the host innate immune response in order to replicate and spread between hosts.  In 

particular, viruses such as VHSv must suppress host antiviral responses that are mediated by 

interferons (IFNs), which are Type II cytokines activated upon viral infection. Once expressed, 

IFNs induce expression of interferon stimulated genes (ISGs), which encode proteins that 

suppress viral replication. Data from our laboratory implicated several VHSv-encoded proteins 

in the viral-mediated suppression of IFN induction and response in fish cells. For example, 

luciferase-based approaches had suggested that VHSv phosphoprotein (P) co-transfection could 

suppress the transcriptional induction of IFN genes by the interferon regulatory factor-3 (IRF3) 

transcription factor. In this study, we sought to determine if VHSv P protein functioned by 

directly binding to IRF3 to block IFN transcriptional activation upon viral infection.  We used 

co-immunoprecipitation and affinity capture approaches in human embryonic kidney 293 cells to 

see if P interacted directly with IRF3.  Despite its impact on IRF-directed transcription, P failed 

to co-precipitate with IRF3, suggesting that its effects might be indirect. Future approaches will 

focus on whether P functions upstream or downstream of IRF in the IFN activation pathway to 

suppress IFN expression. 

 

 

  



Effects of Erythropoietin, Forskolin, and Paclitaxel Combinations on Axon Outgrowth of 

Primary Cortical Neurons 

 
Karlyn Waldeck 

 

Advisor: Dr. Guofa Liu  

Department of Biological Sciences. 

 

 

The brain is susceptible to injury and is typically unresponsive to treatment because axon 

outgrowth is dramatically inhibited in adults.   We studied the effects of Erythropoietin (EPO), 

Forskolin, and Paclitaxel (Taxol) on primary cortical neurons (PCNs) from embryonic day 14.5 

mice (E 14.5).  Previous studies show that these drugs increase axon outgrowth individually so 

we predicted combinations might yield additive or synergetic effects.    E 14.5 mouse cortices 

were dissected and dissociated and PCNs were cultured with EPO, Forskolin, Paclitaxel and 

combinations of EPO with Forskolin, Taxol with EPO, Taxol with Forskolin, or all three 

together. Axon length was quantified and results indicated that Forskolin (0.2 µM) and Taxol (2 

nM) individually increased axon length.  However, significantly reduced Forskolin 

concentrations– nearly a one hundred fold decrease – were sufficient to promote axon outgrowth.  

Surprisingly, 10 ng/mL EPO significantly reduced axon length, which contradicts previous 

studies.  Furthermore, our results indicated that combinations of 0.2 µM Forskolin with 2 nM 

Taxol, especially those added over sequential days, showed a significant additive effect on axon 

length when compared to corresponding control groups.  With repeated trials, we may be able to 

move toward clinical trials of these lower concentrations and combinations to test their 

effectiveness in vivo.  Results from our research could be used to help victims of stroke, 

paralysis, or traumatic brain injury. 

  



The Role of Primary Cilia in Polycystic Kidney Disease and Hypertension 

  

Ajay Lingireddy 

 

Advisor: Dr. Wissam AbouAlaiwi 

Department of Pharmacology and Pharmaceutical Sciences 

 

Autosomal Dominant Polycystic Kidney Disease (ADPKD) is caused by a mutation in Pkd1 or 

Pkd2, the encoding genes for Polycystin-1 and Polycystin-2, respectively. Although the main 

clinical manifestation in ADPKD is the development of fluid-filled cysts in the kidneys, patients 

with ADPKD suffer from cardiovascular complications such as hypertension and cardiac 

abnormalities. Primary cilia are mechanosensory organelles responsible for sensing fluid shear 

stress in the vascular and renal systems through ciliary polycystins. It has been demonstrated that 

primary endothelial cilia can transmit extracellular stimuli into intracellular biochemical signals 

such as the biosynthesis of nitric oxide (NO). Activation of the muscarinic acetylcholine 

receptors (mAChR) can regulate blood pressure through vasodilation or vasoconstriction. We 

thus hypothesized that vascular endothelial cilia inactivation is associated with decreased NO 

production due to mAChR dysregulation. To test our hypothesis, we used our endothelial cilia 

mutant cell lines to study the localization of mAChR to primary cilia and to test the effect of 

mAChR modulation on cilia function and structure. In this study, we found that acetylcholine 

treatments of vascular endothelial cells increased cilia length in both wild-type and cilia mutant 

cells. To examine if this effect is due to AChR3 modulation, we performed immunostaining 

localization of mAChR3 and discovered that mAChr3 is localized to primary cilia of endothelial 

cells for the first time. We then employed oxotremorine, a selective AChM3R agonist treatment 

on our endothelial cells. Our preliminary data strongly points towards an increase in cilia length 

due to AChR3 activation. An increase in cilia length has been previously shown to be correlated 

with enhanced cilia function. This research is important to understand the biological basis of 

blood pressure dysregulation in ADPKD and it will allow us to identify a therapeutic target for a 

class of novel antihypertensive drugs.  

 

 

 

 

 

 

 

 

 
 


