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NOVEL HSP90 BETA INHIBITOR KUNB-105 IS EFFECTIVE IN TARGETING 

WILD TYPE P53 EXPRESSING BREAST AND COLON CANCER CELLS  

 

Kaitlin Budd1, Jaquelyn Sanchez2, Brian SJ Blagg4,  

Chitra Subramanian2,3, Mark Cohen2,3 

 
1Department of Biology, Oakland University  

2Department of Pharmacology, University of Michigan Medical School 
3Department of Surgery, University of Michigan Medical School 
4Department of Medicinal Chemistry, University of Notre Dame 

 

Heat shock protein 90 (Hsp90) is an ATP-dependent protein chaperone critical in 

maintaining proteostasis under both normal physiological and stress conditions in 

eukaryotic cells. Interestingly, multiple regulators and clients of Hsp90 are also found to 

be integral in contributing to and maintaining several hallmarks of cancer. Due to the 

dysregulation of these client proteins which are commonly associated with cancer cell 

maintenance, proliferation, and progression, Hsp90 expression has been found to be 

increased 10-fold in malignancies, making it an ideal therapeutic target to suppress 

multiple oncogenic pathways in cancer cells. Traditionally, pan-inhibition of all four 

forms of Hsp90, Hsp90 alpha, beta, GRP94, and TRAP1, was achieved through inhibitors 

which target the N-terminus of the protein, such as geldanamycin. However, these drugs 

failed in clinical trials due to induction of the heat shock response leading to the 

upregulation of Hsp70 and its pro-survival effects causing patients to require increasing 

doses of the Hsp90 inhibitor treatment to maintain the anticancer effect. This ultimately 

led to dose-limiting toxicity. Therefore, our lab has focused on the development of novel 

C-terminal Hsp90 inhibitors as a possible treatment strategy for multiple cancer models, 

both in vitro and in vivo, due to their potency in cancer cells and their lack of inducing 

the heat shock response. In the present study, we used a novel Hsp90 beta isoform 

selective inhibitor, KUNB105. During the initial screens with this compound it was noted 

that some cancer cell lines were more sensitive to the drug than others and, upon further 

analysis, this was noted to vary based on the presence or absence of mutation in p53. My 

hypothesis is that p53 wild-type cancer cells are more sensitive to KUNB105 than mutant 

p53 cell lines and that this effect could be due in part to changes in cell cycle inhibition 

related to treatment. To test this, we first evaluated the IC50 concentrations of KUNB105 

in two mutant p53 cancer cell lines and two that were wild-type. Next, cell lines were 

tested to look for p53 pathway and cell cycle modulation using Western blot analysis for 

cell cycle-specific proteins, such as cyclin B1 and cyclin D1. Finally, we evaluated the 

effect of treatment on cell apoptosis by PARP cleavage on Western Blot analysis. Results 

from these studies demonstrated as lower IC50 values in p53 wild-type cells compared to 

mutant p53 cell lines. Also, wild-type cells showed increased and earlier PARP cleavage 

along with decreased cyclin B1 expression compared to mutant p53 which had lower 

rates of apoptosis and increased cyclin B1 expression indicating unique mechanistic 

differences with treatment. Based on these results, further studies related to this unique 

targeting effect will be needed to better understand the mechanism of action of 

KUNB105 treatment in p53 wild-type and mutant tumors. 
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UNDERSTANDING THE ROLE OF GABARAP AND CLATHRIN IN THE 

REGULATION OF THE GABAA RECEPTOR 

 

Zachary Bernstein1, Andrew Nelson2, René N. Caballero-Florán2, and Paul Jenkins 2 

 
1Undergraduate Program in Neuroscience, University of Michigan and 

2Department of Pharmacology, University of Michigan Medical School 

 

Bipolar disorder is a common, chronic mental illness characterized by 

pathological swings in mood ranging from mania to depression. Abnormalities in 

GABAergic inhibitory circuits have been linked to bipolar disorder; however, the cellular 

and molecular mechanisms that contribute to altered GABAergic synapses remain poorly 

understood. The ANK3 gene, encoding the protein Ankyrin-G, has been identified as one 

of the most significant genes associated with bipolar disorder. Ankyrin-G is critical for 

the stabilization of GABAergic inhibitory synapses on the soma and axon initial segment 

of excitatory pyramidal neurons. Ankyrin-G directly binds to the GABAA-receptor-

associated-protein (GABARAP) to inhibit GABAA receptor endocytosis and stabilize 

GABAergic synapses. Mutating the binding site between ankyrin-G and GABARAP 

leads to increased endocytosis of the GABAA receptor. My research aims to elucidate the 

mechanisms that promote GABAA receptor endocytosis following loss or mutation of 

ankyrin-G. I hypothesize that clathrin heavy chain (CHC) directly interacts with 

GABARAP to promote GABAA receptor endocytosis. In order to evaluate the interaction 

between CHC and GABARAP, I conducted a co-immunoprecipitation assay and a yeast-

two hybrid screen. Preliminary data from the co-immunoprecipitation suggests that CHC 

and GABARAP may be involved in a complex; however, results from yeast-two hybrid 

showed that they do not bind directly. Future studies will evaluate CHC function by using 

shRNA-mediated knockdown of CHC to restore GABAA receptor membrane localization 

in the absence of ankyrin-G. Ultimately, these findings could lead to the identification of 

new therapeutic targets for the treatment of psychiatric disorders involving altered 

inhibitory circuits, such as bipolar disorder.  
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EFFECT OF INSULIN ON DOWNSTREAM SIGNALING IN THE NUCLEUS 

ACCUMBENS 

 

Veronica Correa1, Lauren Coombs2, Max Oginsky2, and Carrie Ferrario 2 
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The global prevalence of type 2 diabetes has been on the rise in recent years. A common 

feature of type 2 diabetes is peripheral insulin resistance, which consequently alters the 

uptake and regulation of glucose. While there is still much left to be discovered 

concerning this process, insulin regulation also occurs in the brain and can impact 

cognition. The hypothalamus regulates insulin secretion, but insulin receptors are 

expressed in many brain regions. For example, insulin receptors have also been found in 

the nucleus accumbens (NAc), an area that mediates motivation for food and other 

reward substances. The activation of insulin receptors initiates a downstream signaling 

cascade that ultimately affects neural function. Our experiment investigated how insulin 

treatment affects signaling molecules that are known to be downstream of the insulin 

receptor. These signaling molecules include GSK3β and Akt, in addition to their 

phosphorylated forms. GluA1, an AMPA receptor subunit, was also investigated as 

insulin has been known to affect the expression of these receptors. Male Sprague-Dawley 

rats (n=10) were fasted overnight to ensure that they all had low insulin levels. NAc 

tissue was collected from the rats and then treated with either a vehicle or insulin (1 nM 

or 10 nM) for 15 minutes at 37˚ C. Tissue was then homogenized and lysed and stored at 

-20˚ C for subsequent Western blotting. Samples were separated by SDS-PAGE, 

transferred onto a PVDF membrane, and incubated overnight with primary antibodies of 

interest. Membranes were then washed, exposed to secondary antibodies, and protein 

expression was visualized with chemiluminescence and film. This procedure made it 

possible to measure the relative abundance of a particular protein in the sample. 

Following the Western blot, the membranes were treated with a Ponceau solution in order 

to detect the presence of total protein in each lane. ImageJ was then used to quantify the 

results from both the Western blot and the Ponceau in order to find the ratio of 

phosphorylated protein to total protein in the samples. The data showed that the 

expression of total GluA1 protein did not change depending on the insulin treatment that 

was given. The insulin treatment also did not substantially change the expression of pAkt, 

and experiments done on Akt proved to be inconclusive. However, the insulin treatments 

did increase the expression of both the GSK3β and pGSK3β proteins. Further 

experiments should alter the protocol by treating the NAc samples with insulin for a 

longer time period. Introducing an insulin receptor antagonist during insulin treatment 

would also confirm that changes in GSK3β are due to insulin receptor activation. This 

research has the potential to be applicable to a wide array of research topics, including 

type 2 diabetes, obesity, and neurological disorders such as dementia that are associated 

with brain insulin resistance.  
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CHK1 INHIBITOR LY2606368 AND HISTONE DEACETYLASE 

INHIBITOR VORINOSTAT AS A COMBINATION THERAPY FOR 

SOLID TUMORS 
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Cancer develops as the result of the accumulation of mutations in genes that regulate cell 

growth and differentiation allowing for uncontrolled cell replication. Pancreatic cancer is 

one of the most difficult cancers to treat, and despite aggressive therapies, the five-year 

survival rate is less than 9%. Standard treatment includes DNA damaging drugs and 

mitotic inhibitors, but there is a great need for more effective therapies. New approaches 

include histone deacetylase inhibitors (HDACis), such as vorinostat, which can alter the 

expression of many genes resulting in diverse effects including cell cycle dysregulation, 

upregulation of apoptosis, and increased replicative stress in the form of DNA damage, 

stalled replication forks, and the activation of dormant replication origins. We 

hypothesized that vorinostat could interact well with other compounds that cause 

replication stress through different mechanisms. We tested this hypothesis by combining 

vorinostat with a drug that directly interferes with DNA production and is used in 

pancreatic cancer treatment, gemcitabine, or with a checkpoint kinase 1 (Chk1) inhibitor, 

LY2606368, that can also cause replication stress. Chk1 is a serine/threonine-specific 

protein kinase that is activated primarily by ATR, a protein that recognizes single-

stranded DNA and initiates the DNA damage response pathway, in response to 

replication stress. Activation of Chk1 results in the initiation of the S and G2/M cell cycle 

checkpoints and cell cycle arrest, DNA damage response, and cell death. The inhibition 

of Chk1 causes the deregulation of DNA replication and the loss of a cell’s ability to 

pause the cell cycle and repair damaged DNA. LY2606368 is advantageous because it is 

an ATP-competitive kinase inhibitor that prevents Chk1 autophosphorylation at serine 

296, a site at which phosphorylation is required for Chk1 activity at the G2/M 

checkpoint. Other Chk1 inhibitors lack specificity and act on the Chk1 ATP-binding site 

leading to off-target effects. The effects of these drugs alone or in combination on cell 

survival was measured using a colony formation assay. Drug interactions were evaluated 

by isobologram analysis. Vorinostat was combined with gemcitabine or LY2606368 over 

a broad concentration range in the human pancreatic cancer cell lines Panc1 and BxPC3. 

BxPC3 cells were more sensitive to vorinostat, gemcitabine, and LY2606368 (IC50 = 

8 ± 2.8 μM, IC50 = 61 ± 12 nM, and IC50 = 3 nM, respectively) than Panc1 cells (IC50 = 

18 ± 5.3 μM, IC50 = 244 ± 69.1 nM, and IC50 not yet determined, respectively). Results 

demonstrated that vorinostat and gemcitabine interacted synergistically in these cell lines 

but that synergy was highly dependent on schedule and the ability of the cells to 

accumulate in S-phase.  Ongoing studies are aimed at combining the Chk1 inhibitor with 

vorinostat at concentrations and in an order that will promote S-phase accumulation 

during drug exposure.  
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IDENTIFYING THE PRESUMED ORTHOSTERIC BINDING SITE FOR 

THETHERED AGONIST ACTIVATION OF TWO ADHESION G PROTEIN 

COUPLED RECEPTORS  

 

Riya Malhotra, Dyke McEwen, and Gregory Tall 
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Adhesion G-protein coupled receptors (aGPCRs) are important in tissue development 

regulation and when misregulated can cause developmental disorders and different 

cancers. aGPCRs comprise an extracellular N-terminal domain, with an autoproteolysis-

inducing (GAIN) domain proximal to the seven-transmembrane spanning domain (7TM). 

Autoproteolysis cleaves the receptors such that a small stalk emanating from the first 

transmembrane domain is hidden within the core of the extracellular domain. When the 

extracellular domain (ECD) is dissociated from the 7TM domain, an inhibitory influence 

is overcome and the receptors are able to activate specific G-protein subtypes. The short, 

extracellular N-terminal stalk regions of the 7TM domains that are revealed after ECD 

displacement are essential for G protein activation. The 7TM stalk contains a tethered 

peptide agonist, and we hypothesized that aGPCR activation occurs via an intermolecular 

interaction between this tethered peptide agonist and a presumed tethered agonist binding 

site within the 7TM domain (an orthosteric ligand binding site typical of GPCRs). We 

sought to map and identify the residues of the presumed orthosteric binding site by using 

a technique to photo-crosslink the tethered peptide agonist to its binding site. The 

technique was applied to receptors GPR114 and GPR56 (full length) and their respective 

7TM domains expressed without an ECD. Through quick-change PCR-mutagenesis, 

amber stop codons (TAG) were incorporated into these receptors at critical, conserved 

tethered agonist residues predicted to be important for orthosteric site binding. These 

verified constructs were then transfected into HEK293T cells with an amber codon 

suppressor tRNA that was engineered to recognize the amber codon for incorporation of 

unnatural photoreactive, phenylalanine-derivative amino acids (uAA). This suppression 

of the amber codon allows for the incorporation of the uAA of choice to take place when 

it is supplemented into the growth medium of the cells. The cells are then exposed to UV 

light to crosslink the peptide ligand to the interacting site on the receptor. Currently, we 

have successfully incorporated an amber codon into each receptor and verified that it 

does not express protein. Further, we are attempting to incorporate uAAs into amber 

constructs, allowing for restoration of protein expression. Successful incorporation and 

photocrosslinking of UAAs in GPR56 and GPR114 will provide important information 

regarding the tethered agonist binding site(s) of aGPCRs.  
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MITRAGYNINE PSEUDOINDOXYL AS AN OPIOID ANALGESIC 

 

Davell Carter1, John Traynor, Ph.D.2, Nick Griggs2 
 

1Department of Chemistry and Biochemistry, Jackson State University and 
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Opioid analgesics are critical to modern medicine. However, many opioid analgesics 

have the drawbacks of dependence, tolerance, addiction and withdrawal, and respiratory 

depression, the cause of overdose. As a result, one main goal of opioid drug development 

is to create an opioid that can produce strong analgesia without the mentioned side 

effects. Mitragynine is an opioid found in nature, derived from the plant Mitragyna 

Speciosa, also known as Kratom. Reportedly, this plant has safely helped people with 

their moderate pain and/or opioid addiction. The mixed mu-opioid receptor (MOR) 

agonist/delta-opioid receptor (DOR) antagonist, Mitragynine Pseudoindoxyl is a 

synthetic analogue and previous studies present the compound as a potent analgesic with 

minimal side effects. Despite these positive results, the in vitro data is questionable due to 

inconsistencies in experimental conditions. Here we recreated their experiments using the 

compounds 7-OH Mitragynine and Mitragynine Pseudoindoxyl in a buffer that better 

represents human physiological conditions. The relative efficacy and binding affinities of 

these compounds were calculated using 35S-GTPγS and 3H-diprenorphine competition 

binding assays, respectively. Binding and efficacy of these compounds were measured in 

C6 cells expressing rat MOR or DOR and CHO cells expressing the human MOR or 

DOR.  In addition, efficacy assays were also run with the specified buffer used in 

previous studies in an attempt to compare our data. In the future, it will be important to 

test these compounds for B-Arrestin recruitment.  It will also be critical to further test 

Mitragynine and its indols at rodent opioid receptors, with proper conditions to determine 

their ability to produce analgesia so that way clinical trials can begin. It is also critical 

that stimulation can produced consistently with a mitragynine analogue. 
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PHOSPHORYLATION DEPENDENCE OF VOLTAGE GATED SODIUM CHANNEL 

β1 SUBUNIT SUBCELLULAR TRAFFICKING 

 

Alexa M. Pinsky1, Alexandra A. Bouza2, James Offord2, and Lori L. Isom 2 
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Dravet Syndrome (DS) is a pediatric epileptic encephalopathy that typically presents with 

intractable seizures in the first year of life. Although all patients with epilepsy are at risk 

for Sudden Unexplained Death in Epilepsy (SUDEP), the risk for DS patients is 

particularly high (greater than 17%). Most DS cases are caused by mutations in the gene 

SCN1A, which encodes the α subunit of voltage-gated sodium channel (VGSC) Nav1.1. 

Recent evidence has linked mutations in the gene SCN1B, encoding the VGSC β1 

subunit, with DS. VGSCs are classically responsible for the initiation and propagation of 

action potentials in excitable cells such as neurons and cardiomyocytes. The β1subunit 

modulates the gating and kinetics of the sodium channel, and its external 

immunoglobulin domain plays a role in cell adhesion, neurite outgrowth, and cell 

signaling. Previous studies have shown that phosphorylation by fyn kinase at the tyrosine 

at position 181 is required for the neurite outgrowth activity of β1. Studies have also 

shown that phosphorylation at Y181affects the localization of β1in cardiomyocytes. 

Although it is known that tyrosine phosphorylation plays a role in β1’s cell signaling, 

neurite outgrowth, and its localization in cardiomyocytes, it is not known how 

phosphorylation of Y181 might affect β1 subcellular trafficking. We hypothesized that β1 

trafficking is dependent on phosphorylation at the Y181 position. The goal of this study 

was to determine if phosphorylation at Y181 has an effect on β1 subcellular localization 

in 1610 Chinese Hamster lung cells. We constructed mutants at the Y181 position that 

will block phosphorylation (Y181A) and act as a phosphomimetic (Y181E). These 

mutants, and the wild type β1were tagged with a V5 epitope to allow localization of the 

protein with an antibody against the V5 epitope using immunofluorescence. To determine 

if β1 trafficking is regulated by phosphorylation at Y181, we expressed WT β1, Y181A 

β1, and Y181E β1 in 1610 cells, and co-expressed markers for specific subcellular 

organelles that are tagged with fluorescent tags so that the organelles will be marked by 

these fluorescent markers. Using immunocytochemistry and confocal microscopy we 

looked for co-localization of the wild type and phosphorylation mutant β1subunits with 

these organelle markers. Preliminary results demonstrate WT β1, Y181A β1 co-localizing 

with endosomes, indicating similar processing pathways.  
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LENTIVIRAL DELIVERY APPROACH TO INVESTIGATE NEUTROPHIL 

MIGRATION  
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Neutrophils are the major cells involved in innate immunity. They perform multiple 

functions and are involved in the inflammation process. Their directional migration to 

sites of inflammation is driven by chemoattractants, which activate chemotactic G 

protein-coupled receptors (GPCRs) to induce cell polarization and chemotaxis along a 

concentration gradient. It is thought that the G subunit released from the G protein 

heterotrimer is primarily responsible for neutrophil motility, however, recent data from 

our laboratory has shown that neutrophils treated with a G-only activator exhibit no 

polarity, increased adhesion, and no migration. This suggests that other factors beyond 

G signaling are required for proper neutrophil migration. Introducing constitutively 

active Gi into neutrophil-like HL-60 cells using nucleofection partially rescues 

migration in cells treated with the G activator. To test the effect of Gi in PLB 985 

cells, another neutrophil-like cell line, nucleofection is very inefficient and does not allow 

for robust delivery of Gαi and careful quantitative evaluation of cellular behavior.  We 

instead utilized a lentiviral system that will allow the study of an entire population of 

cells. I cloned wild type (WT) and constitutively active Gi gene into a lentiviral vector 

and confirmed the insertion of the target gene by restriction digestion and sanger 

sequencing. The vector was then transfected into Human Embryotic Kidney (HEK-293) 

cells to verify protein expression by western-blotting. Using A293T cells, I produced 

infectious transgenic lentiviruses for these Gαi constructs. The Gαi lentivirus will be used 

to infect PLB 985 cells and its effect on neutrophil migration will then be quantified on 

ICAM-1–coated surfaces.  
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STRESS-INDUCED CHANGES IN NEURAL CIRCUITRY OF MOUSE ADRENAL 

MEDULLAE 
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Adrenal medulla chromaffin cells serve an invaluable role in maintaining homeostasis. 

The adrenal medulla, specifically, is responsible for secreting the “fight-or-flight” 

catecholamines, epinephrine and norepinephrine, into the bloodstream. Stress increases 

this catecholamine secretion. Interestingly, fasting-induced plasticity has been 

demonstrated in splanchnic nerve-chromaffin cell synapses. This finding motivated the 

current study to reveal if exposure to chronic, mild stress induces plasticity in the adrenal 

medulla and the mechanisms by which it may do so. The expression of proteins known to 

be modulated by stress, neuropeptide Y (NPY) and tissue plasminogen activator (tPA), as 

well as the expression of the secretory proteins of the adrenal medulla, synaptotagmin-1 

(syt-1) and synaptotagmin-7 (syt-7), were monitored in stressed and unstressed mice. 

Immunohistochemistry was used to detect the hypothesized stress-induced changes in 

these targeted proteins in the adrenal medulla. It is hypothesized that there will be a 

stress-induced increase in the expression of syt-1, as this vesicular protein is 

characterized by fast exocytosis kinetics, which could allow for faster release of vesicles 

containing catecholamines. Conversely, syt-7 is associated with much slower kinetics, 

leading to the hypothesis that stress will downregulate or not affect syt-7 expression in 

adrenal chromaffin cells; syt-7 is likely to be more closely related to basal function. The 

data in this study may serve as pivotal information to be used in future experiments to 

better understand and lend evidence to stress-induced neuroplasticity in the adrenal 

medulla. 

 


